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i gF JLFE % human nonmetastatic clone 23 Type 1
(nm23-H1) % 7% € 3 4 lipocalin 2 % 3R o 34 L #-Silla +
¥ 5 w2 th2. nm23-H1 £ %] > 12 short harpin RNA
(shRNA) Fe %7 (knock down) » % 3£ lipocalin 2 2. mRNA #
¢ 35 o 4 ¥ ¥ lipocalin 2 promoter #& % (transfect) ¥/
5 nm23-H1 A Fre %72 Silla & %z th(FE 5 shnm23-H1 A fr
Bpimietk) » ¥ & * luciferase reporter assay %~ 17 ° %
7. lipocalin 2 promoter 2. 7F{% e 3i3+ 8 + R & & 2 3
dv o Flm H mRNA fod-v 2o AR FRF T F o § 0 flag-
nm23-H1 # % 2 Silla + 7 $E /w92 k2 I ¥ P8 2 (positive
controls)ﬂf IR R w2 lipocalin 2 promoter 2. %
MERFE T R LERZTE o L i8- H%FE T nn23-H1
# lipocalin 2 2 % > 7 ¥ nmm23-H1 € 538 lipoclain 2
promoter » & ° lpocalln 22 7% 2@ " lipocalin 2
mRNA 2_ % 35 - Nm23-H1 1‘\7 llpocalln 2 3 —*‘Ff AR RS 4
EERRRER s Bl TSV S SN o s S el 1> e TR LER | ’f?
ESPAR SIRIEN fF“%“gr} Boyden chamber 4 7 Silla i *z #& #
(migration)f=#j° (invasion)st # ° » %] nm23-HI ‘G e ¥t
lipocalin 2 €A ER L Bism T o ¥ - 4 FE 4w
"z f 28 (cellular cytoskeleton)z #2585 » izt nm23-H1 e %7
gﬁlmmﬂm2§ﬂ@§%m;%@%’gpmwﬁ?#
i e TR R INGRE . AP T RiEF oy ¥ 5E. "T’ g o W
M+ F SRR A R e R B2 nn23-H1 -4+ Tipocalin 2
% 5 .‘;“%‘%iﬁfﬁ C Hp R i g B 0 ¥ TG ER
LomEREL TS T H AR A LR m23-Hl fo
llpocalln 22 %K F-v R limrm%‘)}% Ao g
I%)]% A d I%E_%‘« & B om23-H1 for£ 4 lipocalin 2 &£ % &
BAERE 0 FEGERO T s s o A8
TERFMRLE > 72 mm23-H1 f- lipocalin 2 5 P #% >
nm23-H1 % ¥ 4v 5 lipocalin 2 2> # B 1A 7 et fr
thie friz > sed 3+ P SMp L TR o

human nonmetastatic clone 23 > lipocalin 2 SiHa + ¥
FRphmie ok VA I TR R o BHAL o EH > T35
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When human nonmetastatic clone 23 (nm23-H1) gene was
knocked down, expression of lipocalin 2 is elevated.
Our preliminary study using cDNA genechip found that
lipocalin 2 expression is affected by nm23-Hl and
seems to be a significant downstream gene of nm23-HI
in SiHa cancer cells of uterine cervix. The
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objectives of this pioneer study are to investigate
the expression and correlation of nm23-Hl and
lipocalin 2 in metastatic phenotypes of cancer cells
including migration, invasion and cytoskeleton as
well as their implication in recurrence and survival
of cervical cancer patients.

Stable nm23-H1 knockdown SiHa cancer cells (shnm23-
Hl A and B cancer cells) increased lipocalin 2 mRNA
expression. When we transfected lipocalin 2 promoter
to shnm23-H1 A and B cell lines and used luciferase
reporter assay to analyze lipocalin 2 promoter
activity, the activity was increased significantly.
Thereafter, mRNA and protein expression of lipocalin
2 1S reduced. In contrast, their positive control
SiHa cells with flag-nm23-Hl had significantly
reduced lipocalin 2 promoter activity. In addition,
stable nm23-H1 knockdown SiHa cancer cell lines
increased lipocalin 2 protein and secreted lipocalin
2 levels in these cancer cells. When we transfect
lipocalin 2 gene into SiHa cancer cells to establish
lipocalin 2 overexpressing cancer cell lines #7 and
#9, nm23-H1 protein expression was not significantly
affected in these cancer cells. Thus, lipocalin 2 is
suggested to be a downstream gene of nm23-Hl1. Our
findings further showed that nm23-Hl knockdown or
lipocalin 2 overexpressed SiHa cancer cells decreased
cells migration and invasion. They displayed
cobblestone-1like appearance and decreased interior
fibers. Cervical cancer patients with positive nm23-
Hl and negative lipocalin 2 expression had the worst
recurrence probability and overall survival. In
conclusion, when nm23-Hl gene is knocked down in SiHa
cervical cancer cells, cells migration and invasion
decrease through elevated expression of lipocalin 2 .
Cervical cancer patients with positive nm23-Hl1 and
negative lipocalin 2 should be followed and treated
intensely.

Human nonmetastatic clone 23 (nm23-1), lipocalin 2,
SiHa cervical cancer cells, squamous cell carcinoma
(SCC), metastatic phynotypes, metastasis, overall
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Nm23-H1 2 H = 54 ¥ lipocalin 2 ** + ¢ $2 % + A & 7 4|
k2 44 fo@g B4 2 TRk HIL ]S 2 B

Involvement of nm23-H1 and its downstream gene, lipocalin
2, in epithelial-to-mesenchymal transition, metastatic
potential and clinicopathologic variables in cancer of uterine
Cervix
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When human nonmetastatic clone 23
(nm23-H1) gene was knocked down,
expression of lipocalin 2 is elevated. Our
preliminary study using cDNA genechip
found that lipocalin 2 expression is affected
by nm23-H1 and seems to be a significant
downstream gene of nm23-H1 in SiHa
cancer cells of uterine cervix. The objectives
of this pioneer study are to investigate the
expression and correlation of nm23-H1 and
lipocalin 2 in metastatic phenotypes of

cancer cells including migration, invasion and
cytoskeleton as well as their implication in
recurrence and survival of cervical cancer
patients.

Stable nm23-H1 knockdown SiHa cancer
cells (shnm23-H1 A and B cancer cells)
increased lipocalin 2 mRNA expression. When
we transfected lipocalin 2 promoter to
shnm23-H1 A and B cell lines and used
luciferase reporter assay to analyze lipocalin 2
promoter activity, the activity was increased
significantly. Thereafter, mMRNA and protein
expression of lipocalin 2 is reduced. In contrast,
their positive control SiHa cells with
flag-nm23-H1 had significantly reduced
lipocalin 2 promoter activity. In addition, stable
nm23-H1 knockdown SiHa cancer cell lines
increased lipocalin 2 protein and secreted
lipocalin 2 levels in these cancer cells. When we
transfect lipocalin 2 gene into SiHa cancer cells
to establish lipocalin 2 overexpressing cancer
cell lines #7 and #9, nm23-H1 protein
expression was not significantly affected in
these cancer cells. Thus, lipocalin 2 is suggested
to be a downstream gene of nm23-H1. Our
findings further showed that nm23-H1
knockdown or lipocalin 2 overexpressed SiHa
cancer cells decreased cells migration and
invasion. They displayed cobblestone-like
appearance and decreased interior fibers.
Cervical cancer patients with positive nm23-H1
and negative lipocalin 2 expression had the
worst recurrence probability and overall
survival. In conclusion, when nm23-H1 gene is
knocked down in SiHa cervical cancer cells,
cells migration and invasion decrease through
elevated expression of lipocalin 2 . Cervical
cancer patients with positive nm23-H1 and



negative lipocalin 2 should be followed and
treated intensely.

Key words: Human nonmetastatic clone 23
(nm23-1), lipocalin 2, SiHa cervical cancer
cells, squamous cell carcinoma (SCC),
metastatic phynotypes, metastasis, overall
survival
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Nm23 (nonmetastatic clone 23 type 1)
s %> 1988 &£ d Steeg PS 7 Ak 41 0 i
r2 differential colony hybridization =t
o AT RE G A RESN A DERE
¢ % ¥z g (murine K-1735 melanoma cell
ling) » % B ILH Y & Jpinie thi a0 4
s > H ¥R 2 cDNA clone s RNA # 31
I v 5 H T cDNAclone RNA % L& et
Borad oo Fla gt R FARGR G folm E A
i# (metastasis-associated) - @ iz & clone 9
LS ¥ E_23 5L wfE 5 nonmetastatic
clone #23(Steeg et al, 1988) - &% % -
murine nm23 A& FI4 8 R 0 fL 5 nm23-M2
(Rosengard et al, 1989) -

- BAF RS nm23 > & d
Rosengard etal.»* 1989 & # I » ¥ & % &
human nonmetastatic cloen 23 type 1
(nm23-H1) (Rosengard et al, 1989).
Nm23/NDP  kinase £ %] %. *%
(nm23/nucleotide diphosphate kinase family;
nm23/NDP kinase family)® 4 4! & & 4 ¢
z_ & * #g(Lacombe et al, 2000) - % — #F &
FlpeE2 v Al ekt 8 A
Fe & #g 12 47 (homologous counterparts) » T
£ 3 NDPKkinase 2- & 4| %4 im i 7 k-
nucleoside diphosphates &% p& - =
nucleoside triphosphates (Kimura et al, 1990;
Wallet et al, 1990) - i&#f 7352 Fv & 3=

NDP kinasesA-D (¥ /&2 2 %15 nm23-H1 %
H4) » & i s 2 4 58%2% 88%dp 11 & o % = 4
A FR2E(MmM23-HS5 = HB)z 3-v A { 4~
B FH g ARE ok - S kv A5 2
2 ¥ 5 25%3% 45%4p & o f X #F nm23
FoEA T ¢ > nm23-HL A F1 8 5% 4 3 3m
AR G BB N & M a(Urano et al, 1992) » =
CEMIDE fr- EHBEEY DG M
[(Lombardi et al, 2000) - % % = 7 & S5 M
P % Ric 2 ¢ 2% % g (melanoma) o
nM23-H1 # Rfofpm @4 4 & F v 5 7n
% NM23-H1 £ ™ % pF > € A 4o Rom A 1S
¢ (Kantor et al, 1993; Torzewski et al, 1998)- 4p
E oo E’#ﬂﬁiiﬁgﬁ%-‘}% » 3 nm23-H1 2. &£ 1
& @ 3 53 (Ferenc et al, 2004) o 2R @ > ** %% g
% - Myeroff LL % %333 » 8% B4 5 b
> nm23-H1 z z’i 7 3 % co(Myeroff &
Markowitz, 1993) -

NNM23-H1 2% Bpp2 E#{frizEs 3
frehd & g fE7 I enM BT G 5B E T
AFF F R EHR A4 o 3§ 5K (cancer
of uterine cervix)f_& 5 ¥ L 2 ¥F % o o 2
2w @ cDNA A F& & > >t SiHa 5 ¢
$F O fn e ¢ I > lipocalin 2 A F)2. £ IR € X
nm23-H1 2 F12. 8 5 - lipocalin 2 # it 4_
nm23-H1 % & &2 T %A% - L% 5H
2. f mw » 1 3 nm23-H1 - lipocalin 2 %
SiHa + 7 Spfp e L2 4A M 1% > 2 & 4 &
+ ¥ 35l e % 4 fi(metastatic phenotypes)
¢ L mre # 7 4rik e 2 cytoskeleton z_ Bf B >
T 4731 nm23-H1 {= lipocalin 2 & = ¢ 57 % 7
AR R IR RS R w2 ARM L

FEpen:

AR 2B L T nm23-HL {o A
¥ a2 d A 7] lipocalin 2>+ SiHa &+ ¥ $E %
wre A2 AP 0 2 B K 25§ R e i
# # fz(metastatic phenotypes) & 4% 45 {7 {r &
J@ it # % cytoskeleton z_ i 85 » ¥ 35 BEE X ga
+ ¥ R TR RIS R 2 l:f/r-\#ﬁ
2 o
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#¥-HelLa (+ ¥ §f % w% k) ~ SiHa(+ ¥
R R im e k) 2 293T( A #9275 B AR w72 )
$ % " Dulbecco’s Modifed Eagle Medium
(DMEM)p>+ Invitrogen ; 7 2 ¢ 7 10%
Fetal Bovine Serum (FBS) (Hyclone,
SV30014.03) -~ Sodium bicarbonate (sigma,
S4019) -~ L-glutamine (Sigma,
G8540-25G) ~ penicllin (Sigma,
P3032)/streptomycin (Sigma, S9137-25G) -
= .VSV-G pseudotyped lentivirus-shRNA
system
(1) VZV-G psudotypred Lentivirus ShRNA
poduction

293Tim% 2.4x10° 410 cmsz % = +
216 | jetPEIl transfection reagent| *
500 (I NaCljF# ; ¥ # » B~4 1 gshRNA
plasmid [RNA@H}@' kpad LT R
RNAI %< 2% %, ShRNA LIS} 7
shnm23-H1 (TRCN0000010061 and
TRCNO0000010062) 4+
shLucTRCNO0000072243)]) ~ 0.4 ;zg pMD.G
A4 ngpCMVA R8.91% 12500
NaCI## » ¥ 43 F iR & > £ 15~20
AAdBts > 4 |293Tmme ¥ > 2} AP24F %
37 CrA4#Y 128 ) P {437
¥ AR 0 BN12 ) PFis > T B o A
o #EIFERAT > B ART G R
plmfe orficd 24 5 shnm23-Hlh
VSV-G psudotypred Lentivirus » 4] * 0.22
mm filteri&E s £ % > 2 % xﬁ;ﬁ whE o B
—'F,k:l%—%/&/w\ AR S ? LRI SRR
Crk$h o £ 5BL2B | pFS > e % = =
i o iR HEE &R T 0.22 mm filteri®
ﬁ%%ﬁ’éﬁﬁﬁm%,%g%ﬁaﬁ
WAL E Y o H 80Tkt o R
Foamr g A o Pl MR R R F

i ﬁ/ﬁi'ﬂr m%ﬁ [
Q)+ kR R Z
‘7% $2485x10° 9634 4 F 0 R R 15 0 b
% Pﬁ{ééﬁ:},}ﬁi (1-~5~10~15-20-25 u
)i r2if B engrdEss %0 (49 ~ 4540~ 35~
3025 wl) it {74 R0 & ¥ MAE 550 4
| > PP B3tiFs 4 ~05 1108 pol
w1l pretamine sulfate §T =% 5 & & % % o 5
W24-) pETS o F BIF 4 ~100 1342 u
g/m1 puromycinsngT i 35 & jf i 7 6 E 0 %5
B -’Mﬁji imre Q2§ 7= 48] PES 0 4o 2
it & OMTT > 2 FMTT assay » B kw2 5 %
FHoBGFEFANE 60%1;"1’1:}%5} ER Rz 18
R % 0 Fl iR w3 E 5 60% .5 % MO
210 g 3 shRNAG R4 515 chgl e v 5
Bt o 0 PR AP2F R T BT 0
FLE RS OE T R RD REE TR -
(3) Lentivirus shRNA infection of cell
#fEHela {rSiHaim?#5x10° 46 cmiz %
b RS 0 Ao Iﬁi% .»;:1%‘ MOI :19’!.‘[’%;_ )
o E Btk 4 e ~ 0.8 poopl
protamine sulfate §J 4 iR R R mre o 5324
RS > 4r ~ 332 g/ml puromycin T g#
BEREFGFE F F R 47};’7* eRsm iz P A g
= 5 A48 PFS 0 B Fv o i FRT-PCR >
g > BLE R FEUShRNAEE E il 5
knowckdown»x % » 12 {f i& {7 £ Flknowckdown
Tk pr AT RT LP2RHZE Y P it
T2y R A OEM E L EEY REE
EX

= F REpeaaR & pria g4 F B(RT-PCR)
(1) RNAz i :

B EE &R 0 4o 1 ml Rare RNA
(GENEPURE TECHNOLOGY CO., Taichung,
Taiwan.)z_fs + T K353 > xE 8 5 &
4 0 BB AR D RTOHCE HLo F 0 4o 300 pl



i3 chloroform (MERCK, 1.02445.2500) Jy|
FIRTR L 204 Bk 5 A AR 4
s 13000 rpm » 4°C » 5 A 4B o B~ FiR
FEFEFEOLEmMI ARG F P 0 b
£ Wﬁ ¢ isopropanol (Sigma 1-9516)4% ¥
iR & 20 ) > 3w 13000 rpm - 4°C 25 4 4
A R £ TS0IF e S B
= 13000 rpm > 4°C » )4+ ,—,?—,, » 12 Speed
Vacume i& 73 520 ) 5 & 4& o3 52 7 pellet
f?® 30 pl RNase-Free DNase (Promega)
37°C » i¥* 20 ~ 45 - ¥4 RNase free
ddH,O = 200 ul » £ 4 » acid phenol
(AMRESCO, 0981-400ml)/ chloroform (1:1)
200 ul>vortex 20 ) » &t~ 13000 rpm > 4°C >
5 ads > s koo Bt 180 ul s 4o~
% %8 4% lsopropanol > vortex 20 #; 5 #fte
13000 rpm » 4°C » 5 4 4& » 75% Alcohol i
4% 2 7 32% Dry i 7% TE buffer 40ul -
R &= 260nm #7 280nm & £ T et & o
Hyvig g+t 1.8t > # B2 ugRNA i
7 F ﬁﬁ?érﬁvﬁ fit= cDNA - H i eh RNA
BT -80Ck4aP o

(2) cDNA#4 & (RT-PCR) :

~ 9 5% & * promega RT-PCR Kkiti% &
o P iEdeT B2 ;,Lg'rﬁtotal RNA4r 44
70C ~ 10~ 4 fs g T B ki@ 4 4r> £
‘v » 5xXMMLV buffer 4 pl » 10mM dNTP
Mixture 2 ul > Recombinant RNasin
Ribonuclease inhibitor 0.5 ul > MMLV
Reverse transcriptase 0.5 pl » Oligo ( dT )5
Primer (0.5 pg/ul) 1 pl % Nuclease-Free
Water 4f 1 & % A 520 ul - **PCRi%x ?
EETAF R T2C ~ 10~ 480 42°C ~ 90
s 12°C ~ 104~ 482 4°C 9 & = cDNA -
i (FPCRF i » & 8555200 k4P #

PCR ( 44% & fotash ¥ i )

B-actin primer§ p %P % (internal
control ) » # 4v = X Z AR 250l > o B s e
» 0.5 ulerHi-Tag DNA polymerase (5
unit/pl ) o & i it 1 94°C ~54 455 94C ~ 1
48 B8 C 144872 C ~ 24480 FaliE s
w728 cycles~ 72°C F 104 45 > iT% & & {8
B~10 plig 7 1.5% agarose gel & i« & 45 ©

Nm23-H1 forword primer :

5 -TGCTGCGAACCACGTGGGTCCCGG-3’

» reverse primer
5 —-TCATTCATAGATCCAGTTCTGAGCA-3’
3R> ¢ B~1 ul cDNA > 4c » 10 x PCR buffer
S5ul>2uls 10mM dNTPs» 2 & 2 pl710 pmole
513 (0 F ez T EARISON o Bfs A »
0.5 ulerHi-Taqg DNA polymerase ( 5 unit /pl ) °
FRiE194C~5448;94C~1445;60C ~
14 48 572°C ~24 480 ¢ it 15 238 732 cycles ~
T2CF R10OA 48 > it SR {8210 plig i
1.5% agarose gel & 7 & 47 o

E-cadherin forword primer :

5" -TGGAGAGACACTGCCAACTG-3* >
reverse primer
3’-AGGCTGTGCCTTCCTACAGA -5 #R i» :
P~1 ul cDNA > 4r » 10 x PCR bufter 5ul > 2pl
7 10mM dNTPs » 2 % 2 pule710 pmoles ! =+
(> Aoz S EAERISOU S > Bfs4e 2 0.5l
eriHi-Taq DNA polymerase ( 5 unit /ul ) - * &
iEE 194°C ~ 5448 594C ~ 14455 60C ~ 1
ki T2°C ~ 24 450 b iR iE 1232 732 cycles -
72CF BlL0& 45 0 174 SR {610 plig s
1.5% agarose gel & 7 & #7 o

LCN2

forword primer :

5’ -GAGTTACCCTGGATTAAVGA-3’
reverse primer
3’-CTCCTTAGTTCGAAGTCA-5"2~1 ul
cDNA> v » 10 x PCR buffer 5ul>2pls7 10mM
dNTPs> 2 %2 ulenl0 pmoles! + (> #4e = =X



A4 K350l 0 > i 4e ~ 0.5 plenHi-Taq
DNA polymerase ( 5 unit /ul ) o & J&i% i+ :
94°C 54 45:;94C ~ 14 45:;60C ~14 45 ;
T2°C~24 4>+t iF 32 732 cycles~72°C
F 104 48 0 7% 2 g {8 P10 ulig 7 1.5%
agarose gel & i 4 47 o

MMP-2 forword primer :
5’-GGCCCTGTCACTCCTGAGAT-3’
reverse primer
3’-GGCATCCAGGTTATCGGGA -5’51
ul cDNA » 4r » 10 x PCR bufter 5ul » 2ul
e7 10mM dNTPs » %2 %2 ul710 pmoles!
+ (o A I FEARISON > o Bt
* 0.5 pl=nHi-Taqg DNA polymerase (5 unit
/ul) o F Rigit 1 94°C ~54 485 94C ~ 1

ks 60°C ~1a 45 ; 72°C ~ 24 48 > + it
igitie735cycless 72CF B10~ 48 > iF
* R 18 B~10 plig 7 1.5% agarose gel & &
PR

» .& * BL& j* (Western Blot)

P lmie 12 5x10° e P fEHE 3 60 mm 33
x> A37TCwmeeret Y 124 16 |
BE o 5 A8 0] PES > BT T B-lmE e T o &
™ PBS k= =0 2 ”f— Fire4e ~ 100 pl
7, mﬁei’:’}?‘f ¥ et dmie AR 0 B YR
ERE S - PV ifﬁ"ﬁjziﬂﬂ .=
Fist ACTRwmex 247 F fa =
A 10 A4 o2 8 0 ACHL
Wi 5 12000 rpm #s 20 & 450 ] u vk
Bt /'%L/li’ ] TR ¥ - g"’gli__/r(\_@i;r]’rh 1.5

| B g v TRy FRE-R*

B|o Rad protein assay (#500-0006):p] 3-v

e o 3T kAR &t SDS-FP O ikt ds
M AEs o X AT A~ E S 20
ks A BB - 3k < ] 4§ 9 Hybond-P
membrane (Pharmacia) > /g * ¥ fig iz - ~

915y o ez ok 10 Ak |
;e % transfer buffer ¥ % 10 ~ 4534 * - #
AP RBEDT AR SET o X gEN
7% % : Hoefer Semiphor Transfer + » & &

2z b 3 3% ¥ & eyE 43 transfer buffer <5 3M jg
M Ae transfer buffer % ¥ i& < Hybond-P
membrane > & A& % ~ ¥ b 3 skjx4F transfer
buffer 7 3M g » F1* 2 3z @R 2 2
Jn & % @ Pharmacia Biotech power supply
EPS 3015 m& T3 24 3 mMA T itehigidT™
ETE0A48 R hkd Fd fiRATE
17w #4531 Hybond-P membrane- #- transfer
4 -1 Hybond-P membrane iz ¢ &7 3 5% g
Yok en 1 i TTBS buffer ¢ -3t 3 /8 ™ shaking
1 ] P » i& {7 blocking - #-¢ blocking % = &
Hybond-P membrane 4 %]4c » & > — - &
o f1% 7 3 3%% a s TTBS buffer f
B 7T 5] - &% % %k (polyclonal) = %8 :LCN2
(1:1000)(R& D, JBHO03) > — ‘& H tx(monoclonal)
i nm23-H1 (novocastra, clone 37.5) - & 4
tx(monoclonal)#.%8 E-cadherin(BD, clone 36)
fr— % H & monoclonal)#.4¥:B-actin (AC-40,
Sigma, Saint Louis, MI, USA)>* 4 °C * 3 & -
BoLt (516 PF)c X B~ ddid s -
&ﬁ%ﬁ Vi 1'100 Hb B4 ~ 2% sodium azide
FABERST wicE4F & * 5% 12 100 ml
3%55 * q'&ﬁ‘fw\ 1& TTBS buffer EERET T
el E 2 X o F = 10 2480 £ % 100 ml
e 1 & TTBS buffer fple i 27 F 8 i5ix 2
X o&x 1044 F 113 Wsmigm 12
TTBS buffer ## z 7 anti-goat 19G-HRP(1 :
5000 - Cell Slgnallng #7074) 4= anti-mouse
lgG-HRP (1:10000 Santa Cruz Biotechnology,
Inc)m ST R T R R 1] pEs £
bk Gk Feflr ECLE S AL
1 e ;% 4~ Enhanced luminol reagent £
Oxidizing reagent ;& & 23 - #-memebrane =~
ﬁﬁqi{ﬂ‘fii)\;‘ﬁ § Feng F ¢ ivr 5 &
4> it HRP T4 » ¥ 8§ LT mA X-
kg o FE%%EE?F'& 9 3~5 ~ & £ U
& & 2 8L B2 l'%»/ e dl o
7 .Migrationfrinvasioni# s
& % e 4% (7 B (Boyden chamber » E #)
bottom chamber ¥ » 20 pl:710% FBS-DMEM
B AR o ¥d T I F&AEE%E bottom
chamber ~ polycarbonate membranes (Neuro
probe, 8 pm or 12 pm pore ; *Tinvasion:& 5 *«



1+ Matrigel) > #- % ¥ = # ¥ 4 upper
chamber > = 4 Bf:iﬁl ioo dmiz 3t dicd x 10°
cell/ml;2 2 z FBSz. DMEM & RPMI = 3t
B-50ulim #z ;% 4c »~ upper chamber (& 3tk
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Figure 1. (A) Stable knockdown of nm23-H1 increased
lipocalin 2 mRNA expression in SiHa cancer cells of
uterine cervix. 5x10° SiHa cancer cells with nm23-H1
knockdown by short hairpin RNA [shRNA
(TRCNO0000010061, TRCN0000010062)] or shLuc were
seeded separately to harvest shnm23-H1 A, B and shLuc
cancer cell lines. Reverse transcription-polymerase chain
reaction was used to detect mRNA expression in these cell
lines. shLuc: negative control. nm23-H1: 556 base pairs
(bp), lipocalin 2: 402 bp, -actin: 154 bp. (B) Left, About
2x10° shnm23-H1 A and B or shGFP cells were seeded.
pGL3-basic, lipocalin 2 promoter and B-galactosidase
reporter plasmids were transfected to these cancer cells and
luciferase repoter assay was used to analyze activity of
lipocalin 2 promoter. shGFP: negative control. The shGFP
cells had significantly lower luciferase activity than
shnm23-H1 A and B cells (p< 0.01 and p< 0.01,
respectively). Right, As positive controls for nm23-H1 and
transcription analysis to compare, the liciferase activity was
measured in transiently cotransfected SiHa cells using
lipocalin 2 promoter and pcDNA (0.4 ug/ul) or
flag-nm23-H1 (0.4 or 0.8 ug/ul). The transcriptional
activity of each reporter plasmid was normalized relative to

B-galactosidase activity, and the activity in cells transfected

with pGL3 basic vector was set at 1.0. The activity decreased for
SiHa cells with flag-nm23-H1 (0.4 and 0.8 pg/ul; P<0.01 and
P<0.01, respectively), as compared to pcDNA vector control
cells. **p< 0.01. (C) Western blots were used to detect lipocalin
2 protein expression in shnm23-H1 A, B and shLuc cell lines.
nm23-H1: 23 kilodalton (kDa), lipocalin 2: 25 kDa, S -actin:
42 kDa. (D) Enzyme-linked immunosorbent assay was used to
detect the levels of secreted form lipocalin 2 from shnm23-H1 A
(A bar) and B (B bar) and shLuc cancer cells. About 5x10°
cancer cells of shLuc, shnm23-H1 A and B were seeded and
cultured in 24 and 48 hours. Then, condition medium was
collected. The shnm23-H1 A and shnm23-H1 B cells had
significantly higher lipocalin 2 levels than shLuc cells. Virus
titer = 1 multiplicity of infection. The bar data were presented as
mean + SD of triplicate experiments. ***p< 0.001. nm23-H1:
human nonmetastatic clone 23 type 1.
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Figure 2. (a) Stable nm23-H1 knockdown decreased cells
migration in SiHa cervical cancer cells. Ten percent
FBS-DMEM was added to lower layer wells of Boyden
chamber. About 2 x 10* SiHa cells with nm23-H1
knockdow by TRCN0000010061 (shnm23-H1 A cell line)
and TRCN0000010062 (shnm23-H1 B cell line) or shLuc
(shLuc cancer cell line) were suspended in 50 ¢ 1 0.1%
FBS-DMEM. The shLuc cells had significantly higher
migration ability than shnm23-H1 A (p = 0.0003) and
shnm23-H1 B cells (p < 0.001). (b) The shLuc cells had



significantly higher invasion ability than shnm23-H1
A (p = 0.0009) and shnm23-H1 B cells (p = 0.0009).
shLuc: negative control. Virus titer = 1 multiplicity of
infection. Each bar represented the mean 6 SD of
triplicate experiments; ***p < 0.001. nm23-H1:
human nonmetastatic clone 23 Type 1. [Color figure
can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]
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Figure 3. (a) lipocalin 2 overexpressing #7 and #9
cancer cells stably expressed lipocalin 2 but did not
significantly affect nm23-H1 expression. About 5 x
10° SiHa cervical cancer cells with pcDNA or
lipocalin 2 gene transfection were seeded. The
software ImageJ (Broken Symmetry Software,
1.4.3.67, National Institute of Health) was used to
quantify the band intensity of Western blot. The data
showed the relative expression standardized by the b
-actin protein level, and the ratio in cells with pcDNA
was set at 1. nm23-H1: 23 kilodalton (kDa), lipocalin
2: 25 kDa, b -actin: 42 kDa. (b) Overexpression of

lipocalin 2 decreased migration of SiHa cancer cells.
About 2 x 10* SiHa cells with pcDNA or lipocalin 2
transfection (#7 and #9) were suspended in 50 11 0.1%
FBS-DMEM. The SiHa cells with pcDNA had
significantly higher migration ability than #7 (p = 0.0008)
and #9 (p = 0.0006) cells. (c) Overexpression of lipocalin
2 decreased invasion of SiHa cancer cells. The pcDNA
cells had higher invasion ability than #7 (p = 0.0858) and
#9 (p = 0.0024) cells. (d) CM with secreted lipocalin 2
decreased migration of SiHa cancer cells. CM, which
contained secreted lipocalin 2 protein, was collected from
SiHa cells with nm23-H1 knockdown (by shnm23-H1
TRCNO0000010062). 10% FBS-DMEM, CM, 2 x and 4 x
dilution of CM and CM with 20 ng/ml antilipocalin 2
were added to lower wells of Boyden chamber. The SiHa
cells with no CM (as control) had significantly higher
migration ability than those with 2 x dilution of CM (p =
0.0005) and those with CM (p < 0.0001). Moreover, when
lipocalin 2 antibody was added to CM, SiHa cells restored
their migration potential partially (p = 0.0079). pcDNA:
SiHa cells with pcDNA transfection; as negative control.
Virus titer = 1 multiplicity of infection. Each bar
represented the mean 6 SD of triplicate experiments; **p
< 0.01, ***p < 0.001. nm23-H1: human nonmetastatic
clone 23 Type 1. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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Figure 4. Nm23-H1 or lipocalin 2 effect morphology
and filaments throughout the cytoplasm of SiHa
cancer cells. Cancer cells about 2 x 10° were
observed under confocal laser scanning microscope
(Zeiss LSM 510 META) at 630 x magnifications for
immunofluorescence. SiHa cells with shLuc (a) or
pcDNA (b) displayed elongated morphology and had
many long filaments throughout the cytoplasm.
shnm23-H1 A, B (a) and lipocalin 2 overexpressing
cell lines #7, #9 (b) cell lines had cobblestone-like
appearance. Interior fibers were significantly
decreased in these cancer cells. shnm23-H1 Aand B
cells: SiHa cervical cancer cells knocked down by
shnm23 TRCN0000010061 and
TRCNO0000010062, respectively. #7 and #9 cells:
SiHa cells with lipocalin 2 overexpression. nm23-H1:
human nonmetastatic clone 23 Type 1. [Color figure
can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]
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Table 1. The correlation of lipocalin 2 and nm23-H1 immunoreactivities in 100 cancer tissue cores and clinicopathological
cancer of uterine cervix

variables of

Clinicopathological variables w p value & p value
+) ) (+) ()

Stage 0.311 0.137

1 30 28 25 33

Il 26 16 12 30

Pathologic type 0.009% 0.078

Squamous cell carcinoma 50 30 33 47

Adenocarcinoma 6 14 4 16

Depth of stromal invasion 0.005*% 0.002*

>1/2 depth 21 29 26 24

<1/2 depth 35 15 11 39

Tumor diameter 0.233 0.014*

>4 cm 23 13 19 17

<4 cm 33 31 18 46

Cell differentiation 0.099 0.004*

Poor 5 9 10 4

Well and moderate invasion 51 35 27 59

Parametrium invasion 0.691 0.065

Invasion 17 15 16 16

No invasion 39 29 21 47

Vagina invasion 0.336 0.348

Invasion 13 14 12 15

No invasion 43 30 25 48

Pelvic lymph node metastasis 0.272 0.185

Positive 17 18 16 19

Negative 39 26 21 44

Statistical analysis: Chi-square test.

*Significant difference, p < 0.05.( +): positive immunoreactivity;

(' ): negative immunoreactivity.
Nm23-H1: human nonmetastatic clone 23 Type 1.
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Figure 5. Kaplan—Meier curves for recurrence probability
and overall survival in 100 patients with cancer of uterine
cervix according to nm23-H1 and lipocalin 2
immunoreactivities. There were significantly different
recurrence probability and overall survival among
different subgroups of cervical cancer patients according
to nm23-H1 and lipocalin 2 expression (p = 0.009, p <
0.001, respectively; Figs. 5a and 5b).



adbectgionificant difference or trend of recurrence
probability and overall survival existed between
patients with positive nm23-H1and negative lipocalin
2 expression and those with negative nm23-H1 and
positive lipocalin 2 expression (°p= 0.0034,

% < 0.001); between patients with positive nm23-H1
and negative lipocalin 2 expression and those with
negative nm23-H1 and lipocalin 2 expression

(°p = 0.0169, ®p = 0.0001); between patients with
positive nm23-H1 and negative lipocalin 2
expression and those with positive nm23-H1 and
lipocalin 2 expression (°p = 0.0602, fp = 0.0043).
Log-rank test was used for statistical significance.

Nm23-H1, human nonmetastatic clone 23 Type 1.
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