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B RZAEMAEAR (H28, H2052, H2452, H226.
MSTO221H) (FATCCKDEBALZEDZAL,
IE&E(CIE. 10% FCS/RPMI1640%ZFL). L\INE
MAEELTY T I D)LY MRBOEDERER
(C#t L7z, Human Mesothelial Cells (HMC) (&
Zen-BioKDEBALZEDZAWZ, BEIC(E.
Mesothelial Cell Growth Medium (Zen-Bio) ZF
V). MABELTY IO JILIY MREDEDZE
EERICHU.

dimensional differential

electrophoresis (2D-DIGE) fi##f

Two in-gel

BEIEERIET CIEEUZH28, HMCEY > T
EUTHWE, B> TILES0 p g&ENEN400
pmol ® S R JL{EH FEcy2. cy3. cy5 (GE
Healthcare) &K ETI0HRERIGEE. £D#10
mM LysineZilX. KLt T1093/ERE U CRIGZF
k. ERESneY>JILEE2TRSEU.
sample buffer (2% DTT. 2% pharmalyte (GE
Healthcare). 7 M urea. 2 M thiourea. 4%
CHAPS) T450 p lICARTZYv Uz, —FA. &R
BEEURT DHDEy USILAIC. SNIUEREE
TEHLUTORWI > TIILEERICEEHRR U,
EERXBAOERNIILS— (B TIVEFTALT,
IPG-gel (pI 4-7) A hUwF (GE Healthcare) %=
AN, olmEE U=, ETTAN IPGPhor (GE
Healthcare) ZFAWT. JLEZE 10TV, F
EBAESKBZEIT O, KEHRTHE. IPG-gelZ ¥
{tbuffer A (Tris-HCI (pH 6.8) . 6 M urea. 30%
glycerol. 2% SDS. 0.002% BPB. 10 mg/ml DTT)
@ Ebuffer B (Tris-HCI (pH 6.8) . 6 M urea.
30% glycerol. 2% SDS. 0.002% BPB. 25 mg/ml
iodoacetamide (Sigma) ) (TiRUL. R157RIFE
{t&iTo e ZIRFTTBDSDS-PAGEZITD IS, &
JL B & H' o] B8 7 SDS-PAGE A &7 )L ( 10%
2.7%  N,N'-diallyl
-tartardiamide gels) (CIPG-gelRAUw &tz wv
. 7HO—XRTH A%, Ettan Daltsix
Electrophoresis System (GE Healthcare) ZFuL\
T. 2RTESKEZITO/Z. EVORS)UIEDeep
Purple Total Protein Stainz AL T—BREL. At
BRICEOBREZITDZ. BTI(IC(E. Typhoon
scanner. Ettan DIGEZ{ER L. Rw hEwWTI(C
(FEttan Spot Picker (GE Healthcare) Z#ER U/z.
NAERFAOEREHL (C(E. 88 mM NalO,ZAun
TERT3I0D1>FaR—>3> L. FIVEEHET
dLTEEEEHE U,

polyacrylamide and



MSHEiT
VA (C 100 pl OfRER (25 mM ammonium
bicarbonate ( Nacalai Tesque ) / 50%

acetonitolile (Nacalai Tesque)) ZMX. =BT
10 DRERSELER. REREMDBFELZETHRE
ZITD 1. $UL\T 200 pl @ acetonitrile hIX. &
VAR BB UCEIMDBRE, RIBMHESRICE > T
BEEDITETHKET O 2. BUKURSILAIC 5
pl D trypsin 5&#& (20 pl/ml trypsin (Promega)
/ 50 mM ammonium bicarbonate) ZflX. 37°C
T 16 BRIRISETES LT, FIVAOEEERHE
bz, b, FILA (SR (1 @B 50 i
@ 50% acetonitrile / 5% TFABR. 2 [BIEI(ZX 50
Ml D 80% acetonitrile / 5% TFA @B, 3 @B
50 pl @ 100 % acetonitrile) Z=hIX. 3 HEYV=
T—23>0U, BIC 30 PERILTYIOALEED
HERZERT D EVWDREE 3 BTS2 ETRY
FRrEMBEURZ, CORTF RREE BES
([CRO>TRMEL. cnEY>JIIVERE UL, Y
TILB® 5 pl & nano-LC (EASY-nLC (Bruker
Daltonics)) IC TR RE L. BEDDODRTFR%
ESI-Q-TOF MS (maxis (Bruker Daltonics))(Cc T
BOIDRELC,. BABREEITOIZ. BB,
TFRORAELCE. AFAZ-ZEREBEDEIL.
iodoacetamide (CKBZ AT EREDHILIE
RAFIUEEZR U,

FA=TIT7—SHUESATSUDEN
FA—JIT7 —SHES A IS UBLFEHEMA
AET7 =TI RROG—-%BAUXEBE TG1
¥R(C 50 pg/ml ampicillin, 2% glucose &/ 2YT
1E#ZNNX T 250 rpm. 37°CT ODggo = 0.3~0.6
FTHEBELUR., MIBKO7 ANLIX—D 7 -2
(Invitrogen) Z&HRIL. 110 rpm. 37 CT 30 %
B, 250 rpm. 37 CT 30 s3REEE. 2,000 rpm

T 10 A&l L. B85zl v M LT 100
pg/ml ampicillin, 50 pg/ml kanamycin % 2YT
BRI L T 6 BRIREIEE Uz, 4 °C. 2,000 rpm
T 10 9. $EI(C 10,000 rpm T 15 3EhEOU.
BUR U EBCKA U 20% PEG-6000. 2.5 M
NaCl & 1/5 volume ilX. MU <EBMLUTKET 1
KffiIE#E L /=. 15,000 rpm T 10 HL&ELOLTHE
SNfeRLw h% NTE buffer (100 mM NaCl. 10
mM Tris, 1 mM EDTA) (C#&&L. 0.45 ym @
Millex-HV -« JL&F— (Millipore)ZBU\T3iBEU.
scCFViRRI7—2 UL TEIRLEZ,

ATSIIN>=>D

Fy hTJ0Ow #EE (Bio-Dot Microfiltration
Apparatus, BioRad) (C. 5hUs TBS ([TBUTE
—hOvILO-REZEEL. E{ESILHSEIR
LB RRy FHEDOEREBE 1 ul &2 TBS (CT
100 BRRUEZEEER well (THINL. X>TL
~(ICEMIE LTz, blocking buffer (10% skim milk
+ 25% glycerol) %& 200 pl/well Z{HIIL T, FRT
1 KRB LCIOvF I Uk, scFvIRmJ7—
@AM & blocking buffer &2 9:1 TREEL 4 C
T1 BEEELTIOYvF I UEEDZE input &
U, 100 pl/well iU T, =R T 3 BFRIEOMNC
#x2 U 72.0.1% Tween 20/TBS (0.1%TBST)T 10
Bl& TBS T 1 Eli%#4Z. 100 mM triethylamine
%Z 100 pl AL T, FRT 30 HMEBEL.
output J7 —@EREEURL. €NSI(C 50 pl D
Tris-HCI (pH 8.0) ZMX THFLEE. F/=. input
J7—=KRU output J7 —0—EEBWNTEYA
S—ZREUZ. output 77— KIBE TG1 £
(CRRSE, BIESETLROT 7 —SERAICHE
CTO7—>%=EHU. BEBEED/I\O = D%k
ZiTolzBD% 2nd. 3rd /(> =>4 output &L
Iz




Dot Blot ELISA [CKBRIVU—=2D

IO DBICERUIZD 7 —% KBETGL(C
BRI, £0EI0=—%96 well L —hIEY
7w T LTz, &wellh'ODgyo = 0.3~0.6(3FT D
FTHEELUEZ%Z. 100 pg/ml ampicillin. 2%
glucoseZA 2YTIE M T 108/ IR UIZM13KO7NIL
IN—=T7—ERk%20 pl/well THRMUZ, 37 CT
1R EISE U2, 2,000 rpmT102Rh&E0 U,
EB=ZBREUZ. 100 pg/ml ampicillin, 50 pg/mi
kanamycinSHB2YTi5h&200 pllRx T37 CT—
BigEL, 2,000 rpmT103EOL. BEURLEZLE
BEUTOROU—-ZJRBR(CHLEZ. —AT
2D-DIGEf##ih 518 S iz H &R & Z Bio-Dot
Microfiltration ApparatusZfuL). TBSICIRUIEZ
NOw)ILO—-AELECEMRELEZE. Bwell
blocking buffer (10% skim milk & 25% glycerol)
%200 plIgFDRIL. ERTHFMEEL TIJOYF
SO %iToTz. TBST1EIER#E. blocking buffer
THRRUEBR D 7 —>%200 pl/weliFmmNL. =&
TERIERE LTz, 0.1%TBST & TBSTSEILHE.
blocking bufferT1,000/&%%R U/=HRP/anti-M13
monoclonal antibody % 200 ul/well ZH0 U 7z o
0.1%TBST & TBST3EEFE. A>T L >&ECL
plus Western Blotting Detection System (GE
Healthcare) TAUEL. LAS-3000ZfEA L TI&L -
wme U,

SATSF B R

KBM P EMME%KEI wel FL— BT, 5 X
103 cells/weli&EL. —BRIZELZ. BH. SBE
DIRATSFo=HMU. 245 #& D Viability =
WST-8 assay(Cc K DML 7z,

C. RER
C-1. BEPRIEME S IEEPEMARBICERLTWL
SEAEOEERT
BUPEEREY - D—ZRRT DD, FIY)
RIEEPEMEHMCICLEART., BEREMAZR
H28 THRIRZE U CLWIEBEDRAEZAHC.
H28 EHMCOHif AR E RIXDENEBR T INL
U. SEREDFEDEBVNCKID2RTICEREZRE
L. REAEURY MOBMREDEEE BT
LR, 158 ERIRZE L TLVE15ARY bz
BHICENTEL (Fig. 1).

C-2. RAEBEAEORE

FETRE UZIS5RARY h%&2D-DIGEDY LA
5EwvoU. NUTZZiH{E#%. LC-TOF/MSICLKD
EREORTEZHMz. MS/MSERITDMER. 2TD
RIRAESEAEEREL. 14EEOBMPRIERR
MiEmEREZRH U (Table 1),

C-3 AT SNV EICKLDIRREDERH
(3T SR

C-1.TRHEUEI5ZARY hERIZEEY O U, @3
OEMTERUTRREREAR UL, £9. 3BEDIR
BEABECHUTTFA—TIT7—SHH®S1ISY
ZFRAUT. kDR ERAZ. 401D/ =20
C&bh. BRNRARICENEEZEIZIO0->%
100-1,000f&BMEI 3N TER (Fig. 2)o €
T, 4" > > P DoutputzE ./ 20— AL L. Dot
Blot ELISA[CKDROU——D Uz, TDRER.
LTORMBAECH LT, BAUEETIERD
O0—> =8I 2 &(CRRIDUTE (Fig. 3).
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RBEUTWSEREOZEE#ENZHAD. XEEEL
FIBMPEIEHREKRORIEER T =T
1=

BEBMPEZAERELk (H28. H2052, H2452, H226,
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Fig. 1 2D-DIGE image of fluorescently labeled proteins derived from H28 and HMEC.
Proteins derived from H28 and HMEC were labeled with cy3 and cy5, and then separated by
IEF-PAGE and SDS-PAGE. The spots indicated by allows are identified proteins by ESI-Q-TOF MS
analysis.

Table 1 Identification of mesothelioma related proteins by ESI-Q-TOF MS
Expression raio

Spot # Protein name (H28 / HMC)
1 Glucose-6-phosphate 1-dehydrogenase 6.0
2 FK506-binding protein 4 2.7
3 FK506-binding protein 4 2.7
4 Heterogeneous nuclear ribonucleoprotein F 3.5
5 Glutaredoxin 3 3.3
6 Proliferating cell nuclear antigen 3.0
7 Annexin A4 6.5
8 Glutathione tranceferase omega-1 1.8
9 T-complex protein 1 subunit € 2.5
10 T-complex protein 1 subunit 2.2
11 60kDa heat shock protein 3.9
12 Spectrin bata chain, brain 1 3.4
13 Keratin, type I cytoskeletal 10 3.4
14 Keratin, type I cytoskeletal 8 2.6
15 L-lactate dehydrogenase B chain 1.8




A Glucose-6-phosphate 1-dehydrogenase
~ Annexin A4
@ Glutathione tranceferase omega-1
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Fig. 2 Enrichment of Antibodies to mesothelioma related candidate proteins by membra
ne panning

Enrichment of the desired clones was performed by membrane panning. The ratio of phage tit
er at each panning round was plotted. The ratio was calculated as follows: (titer of the output
phage) / (titer of the input phage).

Glutathione
tranceferase omega-1

Glucose-6-phosphate

1-dehydrogenase Annexin A4

Fig. 3 Screening of antibody against mesothelioma related candidate proteins by Dot BI

ot ELISA
After the fourth panning, the binding properties of the selected phage clones were analyzed

by Dot Blot ELISA. The positive clones were indicated by allows.
9
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Lymphatic endothelial cells in tumors (T-LECs) are considered to have different characteristics from LECs
in non-tumor tissues (N-LECs). However, differences between the two types have not been well analyzed
at molecular level. In this report, we performed differential proteome analysis of T-LEC and N-LEC models
prepared by cultivation of LECs in tumor conditioned medium. By expression profiling of identified
proteins using tissue microarrays, reticulocalbin-1 was found to be expressed in clinical specimen-
derived T-LECs and lung cancer cells but not N-LECs. It is suggested that reticulocalbin-1 may be an
important molecule in understanding T-LEC function and control of lymphatic metastasis.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Since lymph node metastasis in cancer is one of the most
important prognostic factors, useful diagnostic and therapeutic
methods for such pathology are highly desirable [1,2]. Blood vessel
formation, or angiogenesis in tumors, is well known to be an essen-
tial contributor to tumor metastasis [3-5]. Various approaches
have been reported in the study of tumor blood vessels, such as
construction of in vitro tumor vascular endothelial cell models
using conditioned medium (CM) from cancer cells [6-8]. In these
studies, proteins highly expressed in tumor vascular endothelial
cells have been identified (e.g. vascular endothelial growth factor
receptor 2 (VEGFR2), tumor endothelial marker 7 (TEM7) and
ROBO4) [9-13]. Moreover, an antibody drug to VEGF has already
been used in the clinic [14,15]. As well as tumor blood vessels, lym-
phangiogenesis in tumors is also considered to be an important
factor in lymphatic metastasis. However, the study of tumor lym-
phatic vessels is at an early stage. One of the reasons is that pri-
mary culture of LECs has only been established recently [16,17].
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It has been reported that lymphatic vessels or lymphatic endothe-
lial cells in tumors (T-LECs) have more invasive and neogenetic
characteristics, which are distinct from those in normal tissues
[18,19]. The difference in these characteristics suggests that mole-
cules specific for tumor lymphatic vessels may be expressed. How-
ever, little is known about the molecular biology of tumor
lymphatic vessels, in contrast to the situation with tumor vascular
vessels [3-5]. Recently, proteome analysis has been undertaken, as
one approach to the elucidation of events at molecular level, be-
cause proteins are the molecules which directly determine vital
functions [20,21]. Consequently we focused on tumor lymphatic
vessels and using proteome analysis, sought to identify tumor lym-
phatic endothelial cell (T-LECs)-related proteins to elucidate
molecular mechanisms, with a view to development of molecular
targeting therapeutic approaches.

In advancing the study according to this strategy, we had two
problems. Firstly, it is not possible to collect sufficient amounts
of sample, i.e. it is very difficult to isolate LECs from tumor tissues
in vivo and obtain sufficient amounts for proteome analysis. There-
fore, we firstly constructed a T-LEC model in vitro using CM from
metastatic cancer cells. Because such CM includes various liquid
factors produced from metastatic cancer cells, we considered it
would appropriately mimic the environment in metastatic tumor
tissues. The second problem relates to validation of identified
proteins. Because many candidate proteins that are high- or
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low-expressed in diseased tissues are found by such a procedure, it
is important to validate and focus on the appropriate proteins.
Therefore we used a tissue microarray approach, employing a large
number of normal tissues and tumor tissues and analyzing the
relationship between protein expression and clinical information.

In this study, we searched for T-LEC-related proteins by two-
dimensional differential in-gel electrophoresis (2D-DIGE) analysis
using the T-LEC model, and validated the identified proteins as
T-LEC-related by tissue microarray analysis.

2. Materials and methods

2.1. Cell lines

Primary normal human lung lymphatic microvascular endo-
thelial cells (LECs) were purchased from Lonza Inc., (product
name; HMVEC-LLy). LECs were confirmed to express the lympha-
tic markers CD31 and podoplanin in at least 95% of cells by flow
cytometry. Cells were maintained at 37 °C in a humidified atmo-
sphere of 5% CO, using an EGM-2-MV BulletKit (Lonza) and used
in experiments within three passages after purchase. The human
lung cancer cells line, RERF-LC-K], which is known to have high
metastatic potential to lymphnode in immunodeficient mice
[22], was purchased from the Japanese Collection of Research Bio-
resources (JCRB) cell bank and cultured in RPMI1640 supple-
mented with 10% FCS. Primary normal human bronchial
epithelial (NHBE) cells were purchased from Lonza and were
maintained using a BEGM BulletKit (Lonza).

2.2. Tumor and normal tissue lymphatic endothelial cell models

Conditioned medium (CM) was prepared from the supernatant
of 48 h cultures of RERF-LC-K] and NHBE cells. The collected super-
natants were subsequently filtered (0.2 pm pores) to remove cellu-
lar debris. LECs were cultured in a medium containing 10% FCS and
50% tumor cells or NHBE cell CM for 48 h and used as models of
lymphatic endothelial cells in tumor (T-LECs) and normal tissue
(N-LECs), respectively.

2.3. In vitro tube formation assay

Twentyfour-well culture plates were coated with 300 pl of
Matrigel basement membrane matrix (BD Bioscience) per well
according to the manufacturer’s instructions. LEC suspensions
(250 pl), each containing 10% FCS and 50% of either CM, were
seeded on the Matrigel-coated wells (3 x 10* cells/well). After
incubation at 37 °C for 6 h, cells were stained with Calcein-AM
solution (Dojindo Laboratories Co.) and images captured with a
fluorescence microscope (Power 1X81, Olympus). Tube formation
of LECs was quantified as tube length per set of eight randomly se-
lected fields per group using image analysis software (MetaXpress,
Molecular Devices, Inc.,).

2.4. In vitro invasion assay

LECs were pre-cultured for 24 h in serum-free EBM-2 medium
(Takara Bio). The membrane of 96-well chamber plates was coated
with 50 pul of basement membrane extract (Cultrex) and dried
overnight at 37 °C. LECs (5 x 10* cells per well) were added to
the upper chambers and 150 pl of medium containing 10% FCS
and 50% of either CM were added to the lower chambers. After
incubation for 48 h at 37 °C, the non-invasive cells on the upper
side of the membranes were removed by scrubbing. The invasive
cells in the lower chambers were quantified by staining with Cal-
cein-AM solution and a fluorescence microplate reader.

2.5. 2D-DIGE analysis

Proteome analysis was performed by 2D-DIGE and mass spec-
trometry. LECs cultured in CM of RERF-LC-K] cells and NHBE cells
for 48 h were solubilized with 7 M urea, 2 M thiourea, 4% CHAPS
and 10 mM Tris-HCl (pH 8.5). The lysates from each LEC type were
purified using a 2D-Clean up kit (GE Healthcare Biosciences) and
labeled with Cy3 or Cy5 protein-labeling dye (GE Healthcare Bio-
sciences) at a ratio of 50 pug protein: 400 pmol dye according to
the manufacturer’s instructions. For the first isoelectric focusing
separation by 2D-electrophoresis, 50 pg of each labeled sample
was mixed with rehydration buffer (7 M urea, 2 M thiourea, 4%
CHAPS, 2% DTT, 2% Pharmalyte (GE Healthcare Biosciences)) and
applied to a 24-cm immobilized pH gradient gel strip (IPG-strip
pH 4-7 NL, GE Healthcare Biosciences). The samples for the spot-
picking gel were prepared without Cy-dye labelling. For the second
dimension separation, the IPG-strips were applied to SDS-PAGE
gels (10% polyacrylamide and 2.7% N,N'-diallyltartardiamide). After
electrophoresis, the gels were scanned with a fluoroimager (Ty-
phoon Trio, GE Healthcare Biosciences). The spot-picking gel was
also scanned after staining with Flamingo solution (Bio-Rad).
Quantitative analysis of protein spots was carried out with Decy-
der-DIA software (GE Healthcare Biosciences). Protein spots of dif-
ferential expression were picked using an Ettan Spot Picker (GE
Healthcare Biosciences). '

2.6. In-gel tryptic digestion

The picked gel pieces were twice destained with 50% acetoni-
trile/50 mM NH4HCO5 for 20 min, dehydrated with 75% acetoni-
trile for 20 min, and then dried using a centrifugal concentrator.
Next, 5 pl of 20 pl/ml mass spectrometry grade trypsin solution
(Promega) was added to each gel piece and incubated for 16 h at
37 °C. To extract the resulting peptides from the gel pieces, they
were treated with a series of acetonitrile/trifluoroacetic acid
(TFA) solution. First, 50 pl of 50% (v/v) acetonitrile in 1% (v/v) aque-
ous TFA was added to the gel pieces, which were then sonicated for
5 min. Next, the solution was collected and 80% (v/v) acetonitrile in
0.2% TFA added. Finally, 100% acetonitrile was added for the last
extraction. The peptides were dried and then resuspended in
10 pl of 0.1% TFA before being cleaned, using ZipTip™ pC,g pipette
tips (Millipore). The tips were wetted with three washes in 50%
acetonitrile and equilibrated with three washes in 0.1% TFA, then
the peptides were aspirated 10 times to ensure binding to the col-
umn. The column and peptides were washed three times in 0.1%
TFA before being eluted in 1 pl of 80% acetonitrile/0.2% TFA.

2.7. Protein identification by mass spectrometry

The tryptic digests (0.6 pl) were mixed with 0.6 pl a-cyano-4-
hydroxy-trans-cinnamic acid saturated in a 0.1% TFA and acetoni-
trile (1:1 vol/vol). Each mixture was deposited onto the well of a
target plate and then analyzed by matrix-assisted laser desorption
ionization time-of-flight mass spectrometry (AutoflexIl, Bruker
Daltonics). The Mascot search engine (Matrixscience) was initially
used to query the entire theoretical tryptic peptide as well as the
SwissProt protein sequence database.

2.8. Tissue microarray analysis

Human lung cancer and normal tissue microarrays (Biomax)
were deparaffinated in xylene and rehydrated in a graded series
of ethanol concentrations. Heat-induced epitope retrieval was per-
formed while maintaining the Target Retrieval Solution (pH 9,
Dako) at the desired temperature according to the manufacturer’s
instructions. After heat-induced epitope retrieval treatment,
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endogenous peroxidase was blocked with 0.3% H,0, in TBS for
5 min followed by washing twice in TBS. After blocking with 5%
BSA solution, the slides were incubated for 60 min with the follow-
ing antibodies: anti-podoplanin (Dako), anti- HYOU-1 (Abnova),
anti-hnRNPK (Abcam), anti-GRIM-12 (Affinity BioReagents) anti-
vimentin (Abcam) and anti-reticulocalbin-1 (Novus Biologicals).
After washing with the wash buffer (Dako), each array was stained
with Envision + Dual Link (DAKO) and 3, 3’-diaminobenzidine.
After development, arrays were lightly counterstained with
Mayer's hematoxylin, and mounted with resinous mounting med-
ium. All procedures were performed using AutoStainer (Dako).

2.9. Tissue microarray scoring

The optimized staining condition for lung tumor microarray
was determined based on the coexistence of both positive and neg-
ative cells in the same tissue sample. Stain was considered positive
when reaction products were localized in the expected cellular
component. The criteria for evaluation were as follows: distribu-
tion score was scored as 0 (0%), 1 (1-50%), and 2 (51-100%) to indi-
cate the percentage of positive cells in all tumor cells present in
one tissue. The intensity of the stain (intensity score) was scored
as 0 (no signal), 1 (weak), 2 (moderate), and 3 (marked). The
sum of distribution score and intensity score was then calculated
as a total score (TS) of TSO (sum=0), TS1 (sum=2), TS2
(sum =3), and TS3 (sum =4-5). Throughout this study, TSO or
TS1 was regarded as negative, whereas TS2 or TS3 was regarded
as positive.

3. Results
3.1. Evaluation of T-LEC model

In order to confirm that the in vitro tumor lymphatic vessel
model reflected properties of in vivo tumor lymphatic vessels, tube
formation and invasiveness were examined. The tube formation
assay showed that the tube length of LECs in the RERF-LC-K] CM
group was significantly greater than that in the normal cell CM
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Fig. 1. Enhancement of lymphangiogenesis by treatment with CM of metastatic
lung cancer cells. Effect on lymphangiogenesis of treatment with CM from the
metastatic lung cancer RERF-LC-K] cell line was assessed by (A) tube formation
assay and (B) invasion assay. Error bars indicate the mean + S.D. of triplicate assays
(**P<0.01).

group (Fig. 1A). The invasion assay showed that the number of
invasive LECs in the RERF-LC-K] CM group was also significantly
greater than that in the normal CM group (Fig. 1B). No difference
between groups was observed in cell proliferation (data not
shown). These data suggested that the in vitro T-LEC model using
CM reflected properties of in vivo tumor lymphatic vessels, at least
as regards enhanced lymphangiogenesis.

3.2. Differential proteome analysis in T-LEC and N-LEC models

In order to search for T-LEC-related proteins, we performed dif-
ferential proteome analysis of the T-LEC and N-LEC models (Fig. 2).
By quantitative image analysis, protein spots representing >1.5-
fold alteration in expression were found and identified by mass
spectrometry (Table 1).

3.3. Validation of the candidate proteins using tissue microarrays

In order to validate the identified proteins as T-LEC-related pro-
teins, we analyzed their expression profile using the lymphatic
vessel tissue microarray in lung tumor and normal lung tissues. Re-
sults showed that heterogeneous nuclear ribonucleoprotein K
(hnRNPK), gene associated with retinoid interferon-induced mor-
tality 12 (GRIM-12) and vimentin were expressed both in T-LECs
and N-LECs. In contrast, hypoxia up-regulated protein 1 (HYOU1)
was expressed in neither T-LECs nor N-LECs (data not shown).
Interestingly, reticulocalbin-1 was specifically expressed in T-LECs,
while podoplanin, a recognized lymphatic vessel marker, was ex-
pressed in all T-LECs and N-LECs (Fig. 3). Moreover, the expression
profiles of these molecules in lung cancer tissues and normal lung
tissues were analyzed (Table 2). The result from tissue microarray
analysis showed that GRIM-12 and vimentin were expressed in
normal lung and tumor tissues. On the other hand, HYOU1 was
specifically expressed in approximately 40% of lung cancer pa-
tients, while hnRNPK and reticulocalbin-1 were expressed in
approximately 70% of such patients.

4. Discussion

This paper is the first report demonstrating differential prote-
ome analysis of T-LEC and N-LEC models using CM of metastatic
lung cancer cells and normal cells. We first found that the T-LEC
model, obtained from LECs cultured in CM of metastatic cancer

Fig. 2. 2D-DIGE image of fluorescently labeled LEC proteins cultured in CM of
metastatic lung cancer cells and normal bronchial epithelial cells. Proteins prepared
from LEC cultured in CM from the metastatic lung cancer RERF-LC-K] cell line, and
from normal bronchial epithelial cells (NHBE), were labeled with Cy3 and Cy5, and
used for 2D-DIGE analysis. The spots indicated by arrows show the proteins
identified by MALDI-TOF/MS.
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Table 1
Identification of differentially-expressed proteins in T-LEC model by MALDI-TOF/MS.

Table 2
Positive rate of identified proteins in lung cancer and normal lung tissues.

Spot  Protein name Accession MW  pl  Expression ratio (fold)

No. (kDa) [Cancer CM/Normal CM]

Q9Y4L1 111 52 1.7
P61978 48 55 20
Q16881 55 64 18
P08670 54 51 19
Q15293 39 49 1.9

#1 HYOU1

#2 hnRNPK

#3 GRIM-12

#4 Vimentin

#5 Reticulocalbin-1

cells, was a useful example to use in searching for candidate tumor
lymphatic endothelial cell markers, since it showed more invasive
and neogenetic characteristics than that of normal cells in in vitro
experiments. Since induction of vascular angiogenesis in tumors
serves to provide nutrients, lymphangiogenesis induction in tu-
mors is considered to facilitate removal of waste material. Thelen
has reported that higher levels of lymphatic vessel density were re-
lated to a higher degree of metastasis, by statistical analysis of clin-
ical specimens [23]. This report suggests that lymphatic
endothelial cells in metastatic tumors are probably activated and
induce their migration via soluble factors obtained from the tumor
cells. The T-LEC model used in our experiments is considered to be
activated by CM from metastatic tumor cells.

Using the T-LEC and N-LEC models, we performed differential
proteome analysis to search for marker proteins expressed on
T-LECs and identified a candidate protein reticulocalbin-1.
Although lymphatic vessel endothelial hyaluronic acid receptor-1
(Lyve-1), podoplanin and vascular endothelial growth factor recep-
tor-3 (VEGFR3) are known as lymphatic markers, these markers do
not show specificity for T-LECs [24-26]. Interestingly, reticulocal-
bin-1 is shown to be expressed in T-LECs, but not N-LECs by TMA
analysis. Reticulocalbin-1 is a member of the family of Ca?*-bind-
ing proteins localized in the endoplasmic reticulum and is sug-
gested to function in the secretory pathway of cells [27,28]. It is
also reported that malignancy of hepatocellular carcinoma cell
lines is increased by over-expression of reticulocalbin-1 [29]. Fur-
thermore, a highly invasive mammary cancer cell line has been
shown to express reticulocalbin-1, while a poorly invasive cancer
cell line did not [30]. Thus, reticulocalbin-1 may be involved in
invasion of lymphatic vessels into tumor tissues.

Lung _
cancer

Protein name Positive rate of identified proteins

Normal lung tissues Lung cancer tissues

Podoplanin 11/29 cases (38%) 70/221 cases (32%)
HYOU1 0/29 cases (0%) 87/221 cases (39%)
hnRNPK 0/29 cases (0%) 153/221 cases (69%)
GRIM-12 3/29 cases (10%) 114/221 cases (52%)
Vimentin 15/29 cases (52%) 90/221 cases (41%)
Reticulocalbin-1 0/29 cases (0%) 158/221 cases (72%)

Since the identified proteins were validated using TMAs from
many clinical specimens of lung cancer cases and normal tissues,
we were able to identify the several candidates specifically ex-
pressed in lung cancer cells, namely HYOU1, hnRNPK and reticulo-
calbin-1. HYOUT is induced by hypoxia and has a pivotal role in
cytoprotective cellular mechanisms triggered by oxygen depriva-
tion [31]. hnRNPK is a conserved RNA-binding protein that is in-
volved in multiple processes of gene expression, including
chromatin remodeling, transcription, and mRNA splicing, transla-
tion, and stability [32,33]. Recently HYOU1 expression in breast
and colorectal cancer, and hnRNPK expression in breast cancer
have been reported [34-36]. However, the relevance of these pro-
teins to lung cancer has not been reported. Our data suggest that
these proteins could be diagnostic and therapeutic targets in lung
cancer. Furthermore, reticulocalbin-1 was highly expressed in lung
tumor tissues compared to normal lung tissues, as well as being
highly expressed in T-LECs compared to N-LECs. In addition, retic-
ulocalbin-1 is reported to be expressed on cell membranes of some
cancer cells [37]. Consequently, it could be a useful target for anti-
body therapy in cancer metastasis, at least in terms of expression
profile. Further work is required to reveal the functions of these
proteins in lung cancer.

In conclusion, we have identified reticulocalbin-1 as candidate
T-LEC-related protein in lung tumors for the first time. Further-
more we have shown that HYOU1 and hnRNPK as highly expressed
in lung tumors, by differential proteome analysis of the T-LEC mod-
el using CM. We hope that identified T-LEC-related proteins will
contribute to advances in molecular biology and the development
of diagnostic and therapeutic methods.

Reticulogalbin—1

Fig. 3. Inmunohistochemical staining of lymphatic vessels in human lung cancer and normal lung tissues using anti-podoplanin and anti-reticulocalbin-1 antibodies.
Lymphatic vessels in human lung cancer and normal lung tissues were immunostained with anti-podoplanin and anti-reticulocalbin-1 antibodies and counter-stained by

hematoxylin. The arrowheads indicate lymphatic endothelial cells. Scale bar is 100 pm.
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