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Proteins Secreted by Lung Adenocarcinoma Cells
—Identification of Candidate Diagnosis Markers from Culture Supernatants
of Dissected Tumor Tissue—
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ABSTRACT —— Objective. There is a need to establish clinically useful serum biomarkers for effective lung cancer
screening. We investigated extracellular proteins secreted or shed from surgically resected lung adenocarcinoma
tissue into its primary culture medium. Methods. In 12 lung adenocarcinoma cases, protein specimens from both
culture supernatants of adenocarcinoma tissue and the normal peripheral lung (NPL) tissue were labeled with dif-
ferent fluorescent dyes (CyDyeT™: Cy2, Cy3 and Cy5) and co-resolved in single two-dimensional (2-D) gels. Quanti-
tative protein profiles were obtained by differential fluorescence imaging of the gels. Results. The twelve pairs of
2-D gel images of both adenocarcinoma and NPL specimens revealed 34 distinct protein spots, detected in at least
5 gel images and highly concentrated in the adenocarcinoma cultures, on average more than double the concen-
tration of analysis identified all of these protein spots, including napsin A and pulmonary surfactant-associated
protein A which are responsible for the development of type II pneumocytes, and are the proteins commonly
upregulated in tumor cells. Conclusion. These results suggest the usefulness of the tissue culture method to iden-
tify potential serum biomarkers to enable the early detection of lung adenocarcinoma.
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Table 1. Clinical Features of 12 Lung Adenocar-
cinoma Cases

Characteristics
Age, years
Mean 62.7
Range 49-78
Gender, n
Men 7
Women 5
Pathological stage, n
1A 6
1B 2
1B 2
B 2
Pathological subtype, n
Adenocarcinoma with mixed subtypes 8
Papillary adenocarcinoma 3
Solid adenocarcinoma with mucin type 1
Histopathological differentiation, n
Well differentiated 6
Moderately differentiated 5
Poorly differentiated 1
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Figure 1. Representative two-dimensional difference gel electrophoresis image comparing tissue cul-
tures of lung adenocarcinoma and normal peripheral lung (NPL). Protein specimens were prepared sepa-
rately from the tissue cultures of adenocarcinoma and NPL, followed by labeling with Cy3 (red) and Cy5
(green) dyes, respectively. Equal amounts of these labeled protein specimens were mixed, added to the
internal control sample labeled by Cy2, and co-resolved by 2-D electrophoresis in the single gels. The
spot colors represent protein amounts as a continuum of relative expression levels on the adenocarci-
noma culture, from bright red (high amount) to green (low amount). The 34 protein spots marked by cir-
cles show high amounts (on average more than double) in the 12 pairs of 2-D DIGE images of
adenocarcinoma/NPL (p<<0.05). Spot numbers correspond to those in Table 2 and Figure 2. IEF, isoelec-
tric focusing; pl, isoelectric point; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis;

DIGE, difference gel electrophoresis.
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Figure 2. Distribution of protein amounts in 2-D DIGE spots. For each of the selected 34 protein spots (Figure 1), pro-
tein amounts are shown as Cyb and Cy3 fluorescence intensities from the tissue cultures of both NPL and adenocarci-
noma (Adc), respectively. Standardized log abundance is a logarithmic representation of the fluorescence intensity stan-
dardized with co-measured Cy2 intensity. Dots indicate the adenocarcinoma cases of stages IA (O), IB (@), IIB (4) and
1B (M) (Table 1), connected by a broken line for each of the individual cases. The scatter plot graphs also indicate the
p-value between NPL and Adc, and the ratio of the averaged fluorescence intensities of Adc to NPL (average ratio).
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Figure 2. (Continued)
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Figure 2. (Continued)
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Table 2. Protein Identifications Included in the 34 Protein Spots*
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Fl Number of .
Spot uorescence . unique Sequence Sw1ss:l>.rot
number 1nter.131Tty p-value Protein name peptides covergge accession

ratio identified (%) number!
iden

847 5.15 0.008 alpha-Enolase 17 50.5 P06733
838 4.89 0.028 alpha-Enolase 42 75.8 P06733
1142 461 0.013 Tropomyosin alpha-4 chain 3 14.1 P67936
Heat shock cognate 71 kDa protein 3 4.3 P11142
Pulmonary surfactant-associated protein A1 2 11.3 Q8IWL2
Pulmonary surfactant-associated protein A21 Q8IWL1
78 kDa glucose-regulated protein 2 38 P11021
1034 459 0.028 Vimentin 10 225 P08670
Hepatoma-derived growth factor 5 34.2 P51858
857 4.23 0.040 Cathepsin D 18 53.2 P07339
818 413 0.012 Protein disulfide-isomerase A6 16 44.1 Q15084
1027 4.00 0.016 alpha-1-Antitrypsin 2 6.9 P01009
989 3.61 0.036 Cathepsin D 2 75 P07339
1127 351 0.016 L-Lactate dehydrogenase A chain 6 25.6 P00338
Malate dehydrogenase, cytoplasmic 6 25.1 P40925
Annexin A2 5 17.1 P07355
L-Lactate dehydrogenase B chain 3 159 P07195
1037 348 0.047 Desmin 3 8.3 P17661
851 3.39 0.004 alpha-Enolase 13 50.9 P06733
1258 3.39 0.007 Rho GDP-dissociation inhibitor 1 6 426 P52565
14-3-3 protein zeta/delta 4 229 P63104
Isoamyl acetate-hydrolyzing esterase 1 homolog 3 23.0 Q2TAA2
alpha-Enolase 3 9.0 P06733
Ubiquitin carboxyl-terminal hydrolase 15 3 54 QIY4ES8
830 3.30 0.017 alpha-Enolase 10 36.6 P06733
ATP synthase subunit beta, mitochondrial 6 159 P06576
1103 321 0.009 L-Lactate dehydrogenase B chain 24 704 P07195
1241 3.21 0.028 78 kDa glucose-regulated protein 5 13.0 P11021
Pulmonary surfactant-associated protein A1 3 16.9 Q8IWL2
Pulmonary surfactant-associated protein A2 Q8IWL1
Complement Cls subcomponent 3 7.3 P09871
255 3.20 0.008 alpha-Actinin-4 10 14.8 043707
Superoxide dismutase [Mn], mitochondrial 6 36.5 P04179
1452 315 0.005 Peroxiredoxin-2 2 14.1 P32119
Protein DJ-1 2 138 Q99497
1407 313 0.008 Glutathione S-transferase P 10 60.0 P09211
Peroxiredoxin-6 8 455 P30041
Peroxiredoxin-2 7 30.3 P32119
1024 3.07 0.028 alpha-1-Antitrypsin 3 124 P01009
528 3.06 0.008 Transketolase 10 29.5 P29401
1316 298 0.042 Ig kappa chain C region 4 63.2 P01834
Tumor protein D52 3 19.6 P55327
14-3-3 protein zeta/delta 2 10.6 P63104
mu-Crystallin homolog 2 9.9 Q14894
Serum amyloid P-component 2 9.0 P02743
Napsin A 2 74 096009
alpha-Enolase 2 58 P06733
1125 2.85 0.047 Thiosulfate sulfurtransferase 13 576 Q16762
1309 2.85 0.016 Protein disulfide-isomerase 7 14.6 P07237
14-3-3 protein beta/alpha 5 232 P31946
Tumor protein D52 4 25.0 P55327
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Table 2. (Continued)

1122 270 0.011 L-Lactate dehydrogenase A chain 14 63.6 P00338
L-Lactate dehydrogenase B chain 8 338 P07195

625 2.63 0.018 Transketolase 9 284 P29401
1255 255 0.028 14-3-3 protein zeta/delta 12 514 P63104
14-3-3 protein gamma 7 49.8 P61981

1411 255 0.008 Protein DJ-1 30 88.4 Q99497
846 251 0.010 alpha-Enolase 19 56.0 P06733
1067 2.32 0.028 Ester hydrolase C11 or {54 7 41.0 QIHOW9
Transaldolase 6 20.2 P37837

Annexin Al 5 16.5 P04083

1319 2.30 0.013 Proteasome subunit alpha type-5 11 62.2 P28066
1101 2.26 0.031 Putative quinone oxidoreductase 9 41.0 Q53FA7
L-Lactate dehydrogenase B chain 7 234 P07195

Malate dehydrogenase, cytoplasmic 6 21.0 P40925

1083 2.24 0.015 L-Lactate dehydrogenase B chain 7 287 P07195
Putative quinone oxidoreductase 4 16.9 Q53FA7

1413 212 0.033 Protein DJ-1 8 63.5 Q99497
1387 2.01 0.028 Proteasome subunit alpha type-5 5 195 P28066
Translationally-controlled tumor protein 4 442 P13693

*Protein identification was accepted if it contained the maximum number of unique peptides in each spot or at least half of the number.

" The ratio of lung adenocarcinoma to normal peripheral lung (NPL) on the fluorescence intensity value averaged in each group. *Peptide

identification was accepted if Mascot ion score given to a product ion spectrum was greater than the associated identity threshold. ¥ The

ratio of identified peptides to protein on the number of amino acid residues contained. 'http://www.uniprot.org/. " These proteins contain

the identical identified peptides and could not be differentiated based on MS/MS alone.
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fE> ARy b (1125, 1127, 1241, B X 1255) OFEH
MWl TA WHCHART X DT LT 29 OB,
1B, BXU B M) TEWIEtEES M I he Th
S5DORARy M SIFENZFNR L L EAEDFEE SN
(k).
2) LC-MS/MS tEFITF—aN—XKRBICELD2EHHE
2Ry FDEE

P TYUMBIZ X > THEEABAR Y bbb h
o7 F FiREWE LC-MS/MS I ) 72, HUR L7z~
7 F F MS/MS 5 — % % Swiss-Prot Bit%) 75— % X — &
WG L7z WIS L UHEIDHTRAE LS
D, ARy v/ 2FHEL FoBEHERED ThZEh
ARELERDIz. MDA R Y M OGH THE 4 FiH O
AELEAEFRCHERL L7 (Table2). 34 ARy b
95, PO 17 H2 S I3 E—0&EA-DFE I Nz &
DD 17 AR v b hSId 2FEE A S 7 O HHEH DS
FE SNz, BEICOVWTIE, ARy MoEEhs 2
UL L OEFH OB OFERAIA R v b HOGIREE D IR
OIS N T WL RREEDH 5. 72, 44 O
HAHEFREDH B, 28 HEIZH ARy bS5 OFRET
Hotz. FRYOIGHEIBEBOAR Yy P2 oRESNH
72. 72 213, alpha-enolase DFEIX 7T DD ARy b H

SN2 (AR Y MES 830, 838, 846, 847, 851, 1258
B X 1 1316) (Figure 1, Table 2). 235 D#E ) K LIFZE
DB E LTI, RELZERRERBM 23 7aky ¥
T X o TORAEAHOEE S LG FRITE YA L2
Tl lERHEE L.

g & N7-HEHZEOHIZIX, alpha-enolase, napsin A
X pulmonary surfactant-associated protein A1/A2 (SP-
A E, §TIESE~— 7 —E LTIHHASIN TS5 T
BEFI Tz

Z =

Jili B 96 V0 SRR LS FEohE 3 B AR FE MY 22 IR FE P il < B
D, %L OREECTHIRESEROEL EE 5D LICES
TWw3. 13 LAaL, BAERKRWISIHEGED7Z20I1IHWS
N5, VbW IMEEE~ — & — IR AR 7
b DAL, WHHIREFIROMER, HREORMRBILE T D
HIETFMDH 2 VIEBRICHWSN TV BITE X v, il
PR (X PSS R U CHMRH SO B AU iR R0
V., Zon, BB ) —= v 2B s R
TN F = — 7 — DUFEEATRD HITA Ly, 1415

ML, EEFAYHRRE ST To b MKk
DA B K ORBLFAI AL % O3 5 & VR TS s
HEEINDLEFHINTWS. STED MS OIEIZLE S I
W74 I 7 AWGEOFBERICEE L CE, ZohER
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XK o THRIE SRR 2 NNA A~ — A —DFEZ &
O, BRIRIIZ S 3 IS H W BE 2 A 2 2 THE IS 25\ 1%
LNBDTIEE WAL RWVICHIFFERE 7216 L L
NS, METVTIrRErar) y2igboded
BHIHREOMIFEAE &, EBRIZINA < —h — o5
&% 0 D BRI - eI ERE & ORI K%
FAFIv I LY IPHEALET L7 ZoORBEIBAED
MS HMTHREMENZ F TR > TR, IiE 7
VT I rRpETOTY) Y EEELIZELTY, XS5
AFI v I Ly IO E L THEETH 5.

& 2 AT, S 2 RIS E TR BT E ST 5 &,
72 & 2 oMM E I N L L LT, BE
RN 2 G L% 3% H A B VR & 0 Lel T 5 2 & 5T
MWz, FHESHIX, ZOMIMIERFHAIZH5W - RS
2 N5 Sk A VR B IE © D M S B i RBMEAS
HOVOTRAWNEEZZ. ZO7Fa—FI2T$TTIC
JEALRR Sk OB MIe 2 FH Wi 5. 1819 HEH 5
DILIRINCAT » 72 P EBECIE, Bad L 725 o Ml g 5
ZEMIBE C napsin A S RICTF NV E TR E N2 o 72
(RFEF27— #). napsin A (X II Bl Rz a2 = 5831
L. 58 2V o il S8 S e L B2 o 22 B < RS8P it
FEDHKI 90% IZHHL TVW5D. 20 Z oRED S B2
R OWTZRHT TN A~ — o — oA & 7 k0L
B EE ' H DWW DO0IEFEE SN WITREESE W & &
272, ZZTARBIZETIE, YIBREARD 518 5 7z Ak
ORI R KA, TORFE LIEE T2 2R
720 F7z, BUEMRROR R RE D CHAAERYAE BIIKT
FTHEAE DM S Nz28, BBURT &AL IME N A
F—A—E LTOHRRIEHIZIZZEARIZS WEEZ R
7z, 22T, S OENT CIIEF RIS R THYE o8y
B EECHEERSHVWEOE S FORITICENEZRK -
7z.

S OFFENTC, BE ORI HIE TR DA BT
L7zEAE S 2 I e NS, oF ), EE
B CHBICEBE L TWDL I EDPRLZVEAE ST
&, BlRHARAE S0 Ze M LU T 5. w3 R R
B S HEVE DO =W E M %2 15 3 5 2 & (malignant
transformation) CHIHIIMT 2 HEHE ST TH D, MR
FEIZIR S 97 v M EMEESHIE I U TR Ty
bLEZOLNDL. Tz, MTFEEEERTH Y 2H5, K
A Bl REL AR U At e b e L 2 A o il e - B R A BRAE 3 % 1
WExESTWD, MRMICFET 2%z Al E LT
FEAE U 72 IS M SIS A S B 3 5 Z & T, AEBRIR
RE & AR RSB L, A R R LS KAl R AR A o
HHEPEMICHMT 22 082005, Thbnk
FVRS I R AY Bl AR~ D 553k & B4R L 72 Mk (b PuE A
HENTWAD.

SHOMETRESIN TS UHEEHOEHED S b
SP-A & napsin A ® 2 i A D55 E O SLHTE I
JE L, 2020 Al (A0 RS o0 FEENE B~ O T B fin i 12 PR SR
DML 7-BEAE L2 5N 5. Mgk bPus BN
P52 R &S N B2 B2k o i e o0 T K A5 5 4R 3 % 9 1
TIEBBEI B OWEEED D Y, RAEMEEE (LEEON
%, BIEMENZE) TH Z0HRIIMETE 5.2 JIEF T
D% L DEEFRBIFFEIC X - T b MIEFE DB W FRREIC
BB — N <= — 3V E IR TR,
D70, EUHREOMFITIDEMT 554 < —
71— L BliAAS o filifa_E R a0 5 b % RT3 5 N A
< — 7 — & DAL DI X B BRIGEREOWES - 5T
M2 UETH 5.

S OWET TED - 12N A F v — 7 —EEAE 0%
<IE, Tt MEBEMIZICB W TREAIILEST 2 2
EHEIN TS, LaL, MENSfF~—Fh—& L
THEW~OWREVEIZBI§ 2 ME 29T h LT\ % B E 455
Tix A, 2825 FERPKEZ I Lo L L2 X ) JUHED
FWHEEHWT, 4 0EHHOARESFEREOBE
MFICBWTHREE S e T UL e 50w, & LCEFIm
ECTHMEOBEE S NETHIZOWTT v kA REME
WL, HEONL F— I —DRMAEDLEIC L > THEEK
DN~ —H— % B LBREDOT v - VAT L%
LT 22 ENROEBELRL. TOXD RIiFER Y
V==V TV AT ATRIBEEEBIIIMZ 2 LTI D
5. RRMICIE, ZOY AT ATHEMEEHE SN ZEH
X LT CT RREXHEMEEAT) PIMERSZ 2 L1
XoT, MEBWICEL —HOMIEAZ ) —=V TR
FAEWEEST LI EDNEETH 5.

VR B BRHLRE & AR AR 5 LT, Bl ALRR
5L 5w - IRBT2EBEERE L. FEkR
1CUE, BEESHIARIC LB L CREDITHET S 2 EAS
TWAHHEHEE & b1, MR 2 AR LB D
HIEINTW oK, HEEEErSOT7 Tu—F
DG~ — 7 — DFEMEAE 2 FET 5720268 TH
I EERLTCVS. FMESNIFEMEAEE o
BRPRICEZ2EBEEDT v A REEKTSH D A TH
NPETH 5.

AR - ZOROTESIKE) & £ OBRIENTICES R HBRE L2
S A OIE R (R ER R FESLRA LS 1 ) (ZIEH R L Ry
5. R7EI O AR AIIRE S AR OWK 2 21 TTh
7z (WFFERE s [P NE s (i & Ovh BeiE) o2
WA R PERE (2D KBTI - IRIRIE O |, BUEE S
18390382, #Fgefiz¥ “PEFkE).
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