EANGORET IR, &SI AEFEROWELR)
BETCHEHTEAIEPHSNEMRD, COPD
BRI EN AT REEBIC>TERD
ED—FE BT TS, —7, COPDIZHT
LAWY S O—FaE 555, mbEER
VR TR ChDH, SBEEEAERL,
COPD &S LT, FIEEREDRTIE
BinV, U7 F O (iZERET 75+
AINTHUIF ) b TR 5 mn
" THD,
REENSTHEETICBAMEERELT
COPD #ZMBAIN TIN5, FH COPD &
FWIEEERCZUVWEMNBH D, COPD

O BB MR AN TA R —D%E
JEnsRN TR, MBICEEST, HENICE
BELTWAEEICED COPD 2R HICElry
B, WOANSA OA M) =272 TWhiz
EEREN, BHEMTHo THERKERTET
—EREEZT 5 X, BEMEBERE Gk
WEEmE RS, AT D HREEDOD DinE
A, WS ABROMEIMEDA 7 ) —22
T DD ORE CT &S EREEZITT
BLEENDH D, EERO COPD ZEDM L
W, A RIAVICHERENTHDEED
IR EE RO TRERZN (F3),

3 COPD 3517 5 EEEIE

(COPD B ABEDEDODHA K54 > 4k
F. COPD OJRi2EIE

SR
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ISR,

| OTEAY COPD BHEORELISIRUSPEERRZLTVD.
| eRTU—IITH, Z)NA OAN—EREICRIEL., SEEEEITADLSIC, A TIEEUS
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AR HEEIE & YETE

Pas

FIFIV*

Pk 2!
HEH-TWBEEEZLNTEBY, TGF-AIIHE
T &I

WM B A HESE (idiopathic pulmonary fibrosis ;
IPF) &, Fr5r M M2 (idiopathic interstitial
pneumonias ; [IPS) IG5 I N5 THRED L NT
&b HENE L, 5FEEFED 0~50% & F#
RNEOEIEHEMBMLERE TH 5. IPFIE, Mz
IO RIE, TabbRMBAIZET ) AEMIEEIC
o THRIEEDET T ARETH AL EZONT
X720, EEEBMORMBEREEE FRIKEER
HIB1ERIPF ORRETHAETAREZEHR L
2 WRELASRIE & 7z,

C DEFEABEIT B TER A A LB E R 728
HEINTVEY, TO%THREFMB O
BE, WiRAESF R~ 051, MRS EE (extra-
cellular matrix ; ECM) B2 EDO/ERH 2 E$ %
WA FEELREEHERI-LTwEEEZ LR
Twab, IhoOHEERFIZIE, transforming
growth factor-8 (TGF-8), platelet-derived
growth factor (PDGF), fibroblast growth factor
(FGF), vascular endothelial growth factor
(VEGF), connective tissue growth factor
(CTGF), insulin-like growth factor- I (IGF-1)
LEVRH A, FEIZTGF-B & PDGF Zf DAY 2 1%

MESERIAR /B Ly 7 ECM AR EE R & 75
AR~ O S LIREER # & >—7, PDGF
EARRHESE R T LR W BESETE M B & ONEEETE T
LD ENRETH A,

HBIE, Bx 2 AED O PRRMELEE O BREIEDS
EDLNTWBED, HERTFIEEERTEORD
FLERGTENO—DEEZONTWS, KFT
X, BRI RRAEE LS BT A R E T 0%
ENZOWTHEE T 5.

TGF-5

1. TGF-B/TGF-8 Z&#&H> JF L

TGF-A1%, 125kD @R X7 F FHRS-SHEE
L7225kD O 85T THhHY. FiEFHMI,
issEsEE, ~ruy 7 —Y, HAETE MR-
EhrbEASN, TGF-AL, 2, 3D3DDOTA Y
T F = ADBHFET L. i vitro 2B WTIE TGF-A
D3DODTA VT F—AIFFEBICEMESF I B
AR Tuas—r vEERRET LD, i vive
WZBWTIEREEHOE R bleomycin (BLM) Hl#
WX ARBOEFIFENENE R > TW5H?,

TGF-BZAM(TAR) WX I B (% 53kD) & I
B 70~80kD) A H 0, LY V/ ALt =k

* Growth Factor Signals in Pulmonary Fibrosis

B REREZRANVANA 4 2 AW FEEMER IR - BERAE 255 (T 770-8503 8 & E AN 3-18-15)
Yasuhiko Nishioka : Department of Respiratory Medicine and Rheumatology Institute of Health Biosciences, The

University of Tokushima Graduate School

0452-3458/14/ ¥ 800/ 73 /JCOPY



F—YEETFEO L HEREN L 7Y —Th
AV, TBR-T11Z, activin receptor-like kinases 5
(ALKS)E LThHIbNTwAE, TCGE-S “wmk
&, T3 TAR-I ZHAMICHRE L, £ 21 TAR-
I D25FHkEaL, MEfkzIEkd 4. THR-
045 TAR-1%Y YEALL, TAR-1 DO FF—+¥
MEHEIL s, ¥ 7 FWVEESTTH A Smad
Y BRSNS BRI Smad L IFIEN S
Smad2/3 ) YL =5 &AM Smad TdH
% Smad4 EHEE LT, BNIZEAT LIRG R T &
LTEES 5. —7, Smad6/7 1%, Smad2/3 &
D Y EBALEIHENEVE 2 o Y Smad TH 5.

—F, TBR TwD T 7 F VW mEREE LT,
U non-Smad FEEEATEH S NTnw3Y, Zhb
D % B 1, mitogen-activated protein kinase
(MAPK) Ta& 4 ERK, JNK, p38 OiEMHAL, Rho-
like GTPase #£#, phosphatidylinositol-3-kinase
(PI3K) /Akt/mTOR R 2 EXFFHH N T 5.
¥ 7z, focal adhesion kinase (FAK) i TGF-3
BT T PISK p85 &#E& L, cablid PI3K O it
T TCF-8 DERICHEE L TwaY,

2. FhfRiESFHE S TGF-B

TGF-S i MMEEMIa D 2 5 — 7 v % KOl
WEEEA L TUE L, B~ 05t % it
T 57, HREFEARO 7 K b — v ZHHHE
& #D%, & 72 TGF-B I HAEZE MG < i di A
FHRBICHT 2ilEERIE LTS, BIkP< s
n7y—YoOEERLAL, INOLOMBEIrSD
7 4 704 2F >, interleukin-1(IL-1), tumor
necrosis factor-a(TNF-a), PDGF Zx & DL &
EBIWCTCF-BEHBDEEAZITUHESE S, TGF-B
R Tl e~ 2 a7 7 — U
5@ PDGF 7% EOIERF O AR = /- L T
MEBNZMEBEERZE L TWwa, F/2, ¥ M)V
7 A Xy 7uT 7 —¥(MMP) % B4 S S
4 ¥k ¥ % — (TIMP) % plasminogen activator
inhibitor- I (PAI-) Z M A/EHIAB LT
WAHZ END, ECM DEAE & 5EROIHIVERIC
Ko THHMLERESES.

TGF-B O MMM x4 A 1/EH I, 1EF
Jili Sl D REAEZE R AR & TPF BB B 3R D i e 2R
JBTIEEEIFODSNS,. Huang 5 OHE T,

TGF-B OEINT IPF BE kO Mg T
39— VEEAEDEERDFED bILA DS, IEEN
FH Sle O FRAEZEAIIL ClEER0 5172 wY, Ramos 5
DIWHEIZB VT YL, IPF BEHROBMEFMIE T
BIEEIERICIBR LT a P72 F Ok
PEERAYE AR O e 5 L TwW B 720
T L, WHEREINEL TCF-BELEENS Wi
EOMLEESRE SN T WA,

—7, TGF-A MMM 2 TR il -
AT AEH A L CWwah, TGF-A1 (3h
fo FRE il oA Gl L, ~ 7 AREDIC
TGF-31 # @BEFEH S5 EHiROTERAEEF]
SR 9. &5 TGF-AL &, U EIA A LRz 4
forbny—772% > 7us4AvBECO
mRNA OFEHZET L2 EHMENTNEY

3. BhfRMEE & TGF-8

W RRHEEEN € T V2B 5 TGF-l D — 2
EZNENDETNVTELRZ->TEY, BLM O
SERSTIZ7 HEBWEIZ, TNF-o OBF R E
TSRS CIZ 14 HEEIZALR, D
BR T 5. IPF BE OB W TR
M D BEFEHNIEFE 7 fibroblastic foci B BHIZ ECM
DiLAEE—B LT TCF-BDEALENALNS.

By € 7 T oML & TGF-8 DEFRIZD
WTHEL DHEVED L. RO TGF-R %7
FIIANANRY =2 DIRCEAT S EHE
DOREHEALZ LY, FIZW B TARYW S TAR-1
FF—FVRHER?, 7 FMREZHGE TS
Smad? DEEFEAY, 75 T2+ Ths
72 Y OREEBIZ LY R L IR S .

L L7255 TGF-B BEL, MRHMELAHIH =
NWAH—7F, EVER - BERETLHEENERIN
TWwWhb,

4, EMT & TGF-5

EMT & LB HEROMEANZET 23]
KTHAH. TGF-AMFELIT & v Hfiflg Lz Mg id
aquaporin-b, cytokeratins 7% & ® EFHz
T —h—%EEL, «-SMA, vimentin, desmin,
25—y 1R EOMEROY—A—=REHL,
fibroblast BRICTEREZE L L EMT 251 &2 52
EREEINTYS, Willis 5, v T
fo bR iile % TGF-B FAET D in vitro THEET
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52 & T, EMT 2% U, fibroblast #DFEE &
MEROT—H—FEHAPALNLE I EZHREL
72, [EREIZ IPF MM O RIZGE T, aSMA
& pro-SP-B & A Wit TTF-1 # #5832 H8
DFEFEERETLF— 7 2HELTWAEY, Kim
5%, pro-SPC O 7 E— % — DT lacZ &
EFERBPEELIT VAT 2y 727 2A%4E
B, WRHEREE T IVIZB W T oSMA ZEBHE
D 40% FTAHAX-gal GHETH A L EZRL, in
vivo TEMT 8L TWwWAZ &2 HELY, —
¥, BIEDHE T BLM EF VB WT EMT
BB EN2WETHELH DY, 5B LR
LB UETH 5.

PDGF

1. PDGF/PDGF 28 4% JFIL

PDGF IZi3# 15 kD @ A, B, C, D @ 4 fi4g
DORYRTFFERH Y, AA, BB, AB, CC,
DD D5 TEED 2 2kZ KT 5. PDGF &
F1Z 170~180kD D a & BBV a-a, -5, a-
BDITEED 2 &K% KT 5. PDGF-AA I
a-a, BB X a-a, a8, B-BIZ, AB & CC i a-
a, a-f 1, DD aB, B-RBIZZENZENHET S
ZEFHLNTWS, PDGF B R POV F
F Vi, Ras-MAPK ® PI3K, PLC-y #4 L T
fZEINS.

2. Fh#R#ESFHE & PDGF

PDGF (Il SFMle D& b )y 2 KA
BIXUOEERTTH S, PDGF b TGF-B & Atk
WRRMESERR T, SRARAMESEMIRE, o u Ty —
BATEME LR OEESN A, itHEFHR
12i%, PDGF B D a & BA3E HIZHEHEL Tw
5. 52D PDGE 74 V7 4 — A& 3 X THiHLHE
FMAE IR U CHmETE N, EEGEEE BT 505,
%27 TH PDGF-BB "&b WU ZIEH BT 5.

3. F#R#EEE & PDGF

BLM FBEHHMERE € 7 0V O &S S B i v
@ cell pellet 128 T PDGF-A mRNA ORHE
DWEMAPMESINTVEY, FLFEEFT VBN
THi#EA D PDGF-A, B, C, D ® mRNA O%H
wRET LR, SHEHZ Y —2I1ZPDGF-CDE
HEFRO SN, F-RFEHICPDGF 28k a®

) VBLTTHE R RO HRELH AT, —FH, v
AMIZB VT PDGF-B &z F 2 AREH S5
R LR T SR T I ENREEINTVEY,

IPF BEOfiila~7r a7 v — Y Tix, PDGF ®
FEEDVTLELTEBY, RHo IPF BE OBHMESF
M=o 0BRGP E 2 MBI PDGF ¢ B L O° B %
BRPERBAL TV OHMELHHP. 7,
) FRIOMT S, MM TIHICS 5
BE IO SEWRE 2B T PDGF o
HMESNTEBY, MHEHEEDETICES L Tn5
ZEDREEINTVEY,

—F, WiBEREY TS VIZBWT PDGF-
PDGF ZZ&RBAEIC L 5 P LRI R G s
TwWb, NFVYLEEIZL STy b ORRRHERET
FNIZBWT PDGF SBMRHEERTH 5 AG1296
O 5T & B AR LRI R S 2 v Tw
5%, -tk T v icBWTH PDGF
SR VEALIER AT 2 EEOKSTILE
W1 (SU9518, SU11657, imatinib) # HWT, 216
DFEHFN L 2 FMHECRRIETES N TN S,
bitbnd 74 <4 ¥ VHiBHEEET VIZBW
T imatinib DRI LR R A FER L T 5B D,

Z D OEERF

IGF-1 X IPF BF OMMEB LU BLM €7V
TOFRBERPBEDO SN TEBY, PDGF ME®
TERAHEH S TwaE®2, v A7Vt <Af v
i B MEE € 7 V2B W T IGF-1 2 &R Hi K
(A12) DPHHEALRI RV IME SN TE D, BEE
B &7 BATREVEDS D 577,

FGF &, 0¥ EB 0 HHEEMnOiE %
RETE25FE& LTHRAINZEBRAFTH 5
B, BEIBDFEGF 773V —5FEE&T74Y
TF =2 %xEL T ODFEFGF B HNFHE &
NTHY, 2oO&FEER, FICHEELLREBICE
T AFEENCDOWTERAEZEADL WD, HHELR
REOBENIEDIDZHESINTVEHFTIE
FGF-2 TH» 0, MHEFMOMES L Ol ES
BWDRRENTHEEDR . 25133 XT i vi-
tro DER T O LI BT AR ENZH S
2 TIE v,

—%, VEGF RFEZMEHNERTFTHY A
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TR E B80T A IS a1 TOAE (% 7 13
HER STV 575, izf@ﬁ’fﬁ”ﬁf“%&ﬂf&kiﬁ‘%ﬂ’ﬁm
RET Lo i3 Farkes 5%, TGF-8
Wz X ofa%?%’éﬂ%ﬁﬁ "fiﬁiﬁﬂ]ﬂa@fl 7 — /3’ o1
FELE 7 VEGE 2SHIE TG 29 2 & i

BY, MEESMEICHEERCIA “C{’iﬁﬂ:ﬁ%ﬁk
fER L 95 ARETE f)% %7, FEBE VEGE O &
AR (sflt-1) B2 512 X 2 PustifE b ah 28 b e
ENTWAEY,

SHICTGF-B O THIZH 5 EHA T & LT
CTGF 2MEH &N Twhb, CTGF 1 TGF-A12 &
53T =7 YEBICLETHH Z EDRENT Y
5. IPF BEHONHHER BLM EFVIZB T

FHATCE L T2, L LI C s 583

K BA ML LA — B TH B ED
MEPNH Y, %@ﬁﬁ%kkﬁg&%kmbf

XX LR BEANPLETH 5.

IR F > 7 IV &R bR

Ybo X %7 — 5 2 0B 5E E T A3 ke o
BALERBEENTH LI EPEZIHENE NS,
L L7, BUET T O »ICHGHEE T 2
TR &7 AP LR I S Cuni v, b
NbNEZIZ L ETHATIKRRERT — 725 im-
atinib A% IPF {E#ESE & L CHARE S, IPF SRS

LR O ERERE L U CRENC B W TR
BNERINSY., LhL, BELELZFORE

¥ negative study T& o 72, T OREIE, 3Bk
FHA Y EERIZH W o h Eﬁﬁ‘bﬁbot e
ETHY, FMBHMEEIZBIT S al-acid glyco-
protein 7% & ® imatinib TR T OB D BR
LCWmiELH 5. Larl, 2FHOHTF
BEREHEE L L O T AERR B2 E i < L7z
PDGF &M, FGF Z& M, VEGF MK 3
%< V5 ¥ F — Y HEZE Nintedanib (BIBF1120)
i, IPF #7E0H L 2B EoMH E W FE L,
BRERLEY., REOREREHYE(ATS) T
s X% 56 AR B L (R BR R FBR O s RS B FF
b,

BhHUIC

R RRAERE DRI IR REIC B 59 B BRI 1

TFIWIZOWTIEIHL L7, $%  ORFZERE2 5
TGF-A, PDGF 21X U & ¥ A BEIERF DRk
LR B 2 B EEN SO 4%
v, L L, & MHHEICR LTINS
BEE N T- DS & 70 B T i; V)%E*ﬁt;f%
G ATEELRETH L. EBIZ, MR
O IEFESE B 3E 7S TR 2 i u%ﬁ?l@—o

T OEWBENPFEE SN TR nT & LZ%Z)
Nintedanib @ % T FRPR SBAE SR S X D,
DIEFHEER & L C PDGF, FGF, VEGF @ﬁ%
PEDSIRRAGIZEEI S s, §1% 2 o0 o
WELITEMELE R, n’fHHﬁL IR RE DB E T
AREVEA D B, BTRRAELE & BRI T~ 7 F VicH

T A MENENIE B & CERIRIZE oM SHER S h
B R AERTH 5.

B P ATRMERORES AO ATSBLUN
Engl J Med ZE12 8T, IPF 239 % Ninteda-
nib O MR RPFEE SN, EELE
AT PR (% 0 Ml 1 & QAR T #0D B R AR S h
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FBLERER OB IRDL & FRIEE
VI %

IFL &I

MR MERG 25 - BliRRAEAE [ B RSB 581,
RIFETDHALAYICTLD BT 50Ty B R3S
TAHERE (IPF) 23 SICED LN TS, ZOHH
1Z. IPF 2SRV N 2 00 70 2 T H b SHE AT
&L, OMEETH LI EICL B, 2000 FF
I, ZNFCRBLUICEITREATTL FO
BRIMEOR S RIS FREBT 7 — & & &
5, IPF I3 AEEERSEOI 7 b2 [T
SE] 25 [P L] ~eiishsz. 2ok
10 SERL B 72 8%  OMIRRBEEZET, &
BOTURHEILED FRIRIIG TR SN sz

ZEH L Twab. BIERBPORENIERICD
WTHEMNT 5.
1. =Z>5F4=7 (BIBF1120)

IPFIZH3 2 EBEEREORAIL, ML v

HEPLLDTFLVWIRENLS L, HLRIGHE
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Tumor-size-based morphological features of metastatic lymph
node tumors from primary lung adenocarcinoma

Eiji Yamada,'? Genichiro Ishii,' Nao Aramaki,"? Keiju Aokage,? Tomoyuki Hishida,? Junji Yoshida,?

Motohiro Kojima,' Kanji Nagai® and Atsushi Ochiai’

'Division of Pathology, Research Center for Innovative Oncology and Division of Thoracic Surgery, National Cancer

Center Hospital East, Chiba, Japan

Most primary lung adenocarcinomas show histological
diversity, however, histological diversity in the metastatic
lymph node tumors (LNT) is not well defined. The aim of this
study was to explore the histological characteristics of the
metastatic LNT based on their sizes. We analyzed 163
primary tumors and 509 metastatic LNTs. When the primary
tumor showed papillary-predominant subtype, the most fre-
quent histological subtype in the metastatic LNT that were
<2 mm in diameter was solid subtype (49%), followed by
papillary subtype (35%); on the other hand, in the metastatic
LNT measuring >2 mm in size, the frequency of tumors
showing papillary-predominant subtype increased signifi-
cantly to 52% (P = 0.04). When the primary tumor showed
acinar-predominant subtype, the most predominant
subtype in the <2 mm metastatic LN tumors was acinar
subtype (55%), followed by solid subtype (40%), with the
frequency of acinar subtype increasing significantly to 76%
in the metastatic LNT that were >2 mm in diameter (P = 0.04).
These results indicate that solid subtype is the characteris-
tic histological subtype in the early phase of the LN meta-
static process, and that as the metastatic LNT grow larger,
they develop morphological features resembling those in
the primary tumor.

Key words: diversity, lung adenocarcinoma, lymph node metas-
tasis, micrometastasis

Adenocarcinoma is the most common histologic type of
primary lung cancer and is a major focus of research to
improve the patients’ survival. In the new adenocarcinoma
classification, International Multidisciplinary Lung Adenocar-
cinoma Classification, published in 2011 by the International
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Association for the Study of Lung Cancer/American Thoracic
Society/European Respiratory Society (IASLC/ATS/ERS),
invasive adenocarcinoma is divided into five predominant
subtypes: the lepidic-, acinar-, papillary-, micropapillary- and
solid-predominant subtypes.’ Most adenocarcinomas are
histologically heterogeneous, consisting of two or more his-
tological subtypes. Matching the new adenocarcinoma clas-
sification, many studies have reported the prognosis and
characteristics of the gene mutations according to this histo-
logical typing.>® However, most previous studies focused on
the primary tumors, and few studies have focused on the
metastatic lesions.

Metastasis is considered as a complex and multistep
process that ultimately resuits in the formation of a secondary
mature tumor.”? At the metastatic site, neoplastic cancer
cells first go through an avascular growth phase to reach a
size not much more than a few millimeters in diameter.
During this phase, a small number of tumor cells survive and
interact with the surrounding stromal cells, to then develop
into macroscopically detectable metastatic lesions. During
this metastatic tumor development, effective and dynamic
molecular changes, including the epithelial-mesenchymal
transition (EMT) and mesenchymal-epithelial transition
(MET) have been reported.'®""We previously reported that as
intrapulmonary metastatic lesions grow larger, the constitu-
ent cancer cells exhibit diverse growth patterns, which results
in histological diversity in the secondary tumors, just as in the
case of primary tumors.” However, the morphological
changes in early and small metastatic lymph node tumors
have not yet been clarified, and it is not yet known whether
larger metastatic lymph node tumors exhibit as much histo-
logical diversity as the primary tumors. In the present report,
we attempt to elucidate the morphological characteristics of
the metastatic lymph nodes with special reference to their
size and histological diversity. In the TNM Classification of
Malignant Tumors, 7th Edition, published in 2009, for breast
cancer, if the size of the cancer spread is larger than 0.2 mm
and/or more than 200 cells, but not larger than 2 mm, it is
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defined as micrometastasis.”® Based on this model, we
evaluated the morphological features of metastatic lymph
node tumors in relation to their sizes: > 2 mm vs. <2 mm.

MATERIALS AND METHODS
Patient selection

Lymph node metastasis from primary lung adenocarcinoma
was detected in 184 consecutive patients who underwent
surgical resection without preoperative therapy at the National
Cancer Center Hospital East, Chiba, Japan, between January
2008 and December 2012. After excluding 21 cases for which
only incomplete clinical information was available, the remain-
ing 163 cases with 509 metastatic lymph nodes were histo-
logically evaluated. The data collection and analyses were
performed with the approval of the institutional review board.

Pathological studies

All surgical specimens were fixed with 10% formalin and
embedded in paraffin. The tumors were cut at approximately
5-mm intervals, and serial 4-um sections were stained with
hematoxylin-eosin. The median number of tissue blocks per
resected specimen was 25 (range: 10-90). The materials
were subsequently reviewed by two pathologists (E.Y and
G.1.) to confirm the presence of lymph node metastasis and
to assess the histopathological features of both the primary
tumors and the metastatic lymph nodes.

Histological subtyping of the primary tumors

Histological subtyping of the primary tumors was based on the
IASLC/ATS/ERS International Multidisciplinary Lung Adeno-
carcinoma Classification published in 2011. The lepidic
subtype is defined as growth of neoplastic cells along preex-
isting alveolar structures. The papillary subtype is defined as
growth of glandular cells along central fibrovascular cores. [f a
tumor shows lepidic growth, but the alveolar spaces are filled
with papillary structures, the tumor is classified as the papillary
subtype. The acinar subtype is defined by the formation of
round to oval-shaped glandular structures with a central
luminal space surrounded by tumor cells. A cribriform arrange-
ment is regarded as representing the acinar subtype of adeno-
carcinoma. The micropapillary subtype is defined as tumor
cells growing in papillary tufts lacking fibrovascular cores,
which may appear detached and/or connected to the alveolar
walls. Ring-like glandular structures floating within the alveolar
spaces are also regarded as representing micropapillary com-
ponents. The solid-predominant subtype is characterized by
the appearance of polygonal tumor cells arranged in sheets,
lacking the features of any of the other recognizable histologic
subtypes of adenocarcinoma.

Comprehensive histologic subtyping was performed
through a process in which the percent area occupied by
each histopathological subtype present in a tumor was esti-
mated in 10% increments, followed by identification and clas-
sification of that tumor according to the histologic subtype.
The predominant subtype was defined as the subtype
accounting for the largest percent area in a tumor. In this
cohort, none of the primary tumors were identified as
showing the micropapillary-predominant subtype. The typical
appearances of the histological subtypes of the primary
tumors are shown in Fig. 1(a,h,0).

Histological subtyping of the metastatic lymph
node tumors

Histological subtyping of the metastatic lymph node tumors
was performed according to the same classification that was
used for the primary tumor, and the predominant subtype was
also identified. In the case of small metastatic tumors, iso-
lated and small clusters of tumor cells which lacked clear
differentiation into the papillary or acinar pattern were
divided into the solid-predominant subtype. Also, as the
micropapillary-predominant subtype, characterized by tumor
cells growing in papillary tufts lacking a fibrovascular core,
frequently coexisted with the papillary component, it was
included in the papillary-predominant subtype.

The sizes of the metastatic lymph node tumors were evalu-
ated based on the maximum diameter of the metastatic
lesion in the lymph nodes. According to the TNM classifica-
tion of Malignant Tumors, 7th Edition, published in 2009, we
evaluated the morphological features of the metastatic lymph
node tumors in relation to their sizes, > 2 mmvs. <2 mm. The
typical appearances of the histological subtypes of the meta-
static lymph node tumors are shown in Fig. 1(b—g,i-n,p-s).

Histological diversity according to the sizes of the
metastatic tumors

The number of histological subtypes in the metastatic lymph
node tumors of the size two groups (<2 mm vs. >2 mm) was
compared statistically according to the number of subtypes in
the primary tumor. As the micropapillary subtype was
observed in only a very small proportion of cases, and fre-
quently coexisted with the papillary component, it was
included in the papillary subtype.

Clinical information

All available clinical information was obtained from the clinical
records and repotts of the referring physicians. The records
were reviewed for the patient age, sex, smoking history,
pathological T and N classification, stage, and number of

© 2014 Japanese Society of Pathology and Wiley Publishing Asia Pty Ltd
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Figure 1 Histopathological features of the primary tumors and metastatic lymph node tumors(H & E). (a) Primary tumor showing the
papillary-predominant subtype. (b) Metastatic lymph node tumor that was >2 mm in diameter. (¢) Higher magnification view of the tumor shown
in b. The tumor was mainly composed of the papillary component. (d,f) Metastatic lymph node tumors that werre <2 mm in diameter. The tumor
was mainly composed of the (d) solid or the (f) papillary component. (e,g) Higher magnification views of the tumors shown in d and f,
respectively. (h) Primary tumor showing the acinar-predominant subtype. (i) Metastatic lymph node tumor that was >2 mm in diameter. (j)
Higher magnification view of the tumor shown in (i). The tumor was mainly composed of the acinar component. (k) and (m) Metastatic lymph
node tumors that were <2 mm in diameter. The tumor was mainly composed of the (k) solid or the (m) acinar component. (I) and (n) Higher
magnification views of the tumors shown in k and m, respectively. (o) Primary tumor showing the solid-predominant subtype. (p) and (r)
Metastatic lymph node tumors that were (p) > 2 mm and (r) < 2 mm in diameter. (q) and (s) Higher magnification views of the tumors shown
in p and r, respectively. The tumor was mainly composed of the solid component, irrespective of the tumor size.

metastatic lymph nodes. Pathological staging was based on
the TNM classification of the International Union Against
Cancer (UICC)."

Statistical analysis

Differences in the patient characteristics between the two
groups were compared by the Pearson’s chi-square test. The
unpaired t-test was performed to calculate the statistical sig-
nificance of the differences. All Pvalues are two-sided, and the
significance level was set at <0.05. The analyses were per-

formed with the SPSS 11.0 statistical software program (Dr.
SPSS |l for Windows, standard version 11.0, SPSS Inc.,
Chicago, IL, USA).

RESULTS

Clinicopathological characteristics of the patients with
lymph node metastasis

The clinicopathological characteristics of the 163 adenocar-
cinoma patients diagnosed as having lymph node metastasis

© 2014 Japanese Society of Pathology and Wiley Publishing Asia Pty Ltd
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Figure 1 Continued

are summarized in Table 1. In all, 54 patients (33.1%) and
109 paiients (66.9%) were pathologically diagnosed as
belonging to the N1 and N2 categories, respectively.

The histologic subtypes of the primary tumors were distrib-
uted as follows: lepidic-predominant subtype, 6 tumors
(3.7%); papillary-predominant subtype, 59 tumors (36.2%);
acinar-predominant subtype, 35 tumors (21.5%); solid-
predominant subtype, 63 tumors (38.6%).

Pathological characteristics of the metastatic lymph
node tumors

Clinicopathological information pertaining to the 509 meta-
static lymph node tumors is summarized in Table 2. In all, 286
(56.2%) and 223 (43.8%) of the metastatic lymph node
tumors were pathologically diagnosed as belonging to the N1
region and N2 region, respectively. The histologic subtypes

© 2014 Japanese Society of Pathology and Wiley Publishing Asia Pty Ltd




Table 1 Characteristics of the patients with lymph node metastasis

Factors n =163 (%)
Age (years)

<65 71 (43.6)

265 92 (56.4)
Sex

Male 100 (61.3)

Female 63 (38.7)
Smoking history

Never smoker 59 (36.2)

Current/Previous smoker 104 (63.8)
Pathological T classification

pT1 40 (24.5)

pT2 81 (49.7)

pT3 33 (20.3)

pT4 9 (5.5)
Pathological N classification

pN1 54 (33.1)

pN2 109 (66.9)
Pathological Stage (UICC7)

Stage 1A 34 (20.8)

Stage 1IB 6 (3.7)

Stage 1A 111 (68.1)

Stage IIIB 7 (4.3)

Stage IV 5(3.1)
Predominant subtype in primary tumor

Lepidic 6 (3.7)

Papillary 59 (36.2)

Acinar 35 (21.5)

Solid 63 (38.6)
Number of metastatic lymph nodes

1 47 (28.8)

2-5 82 (50.3)

26 34 (20.9)

Table 2 Characteristics of metastatic lymph node tumors

Factors n =509 (%)
Region
Hilar, lobar and segmental (N1) 286 (56.2)
Mediastinal (N2) 223 (43.8)
Predominant subtype
Papillary 107 (21.0)
Acinar 119 (23.4)
Solid 283 (55.6)
Metastatic lesion size
<2 mm 122 (24.0)
>2 mm, <5 mm 165 (32.4)
>5 mm 222 (43.6)

of the metastatic lymph node tumors were distributed
as follows: papillary-predominant subtype, 107 Iymph
nodes (21.0%); acinar-predominant subtype, 119 lymph
nodes (23.4%); solid-predominant subtype, 283 lymph nodes
(55.6%).

Size distribution of the metastatic lymph node tumors

The median diameter of the lesions was 5 mm. The numbers
of metastatic lymph node tumors belonging to the three size

Tumor size-based features of lymph node 595

categories of <2 mm, >2 mm but <5 mm (median size)
and >5mm were 122 (24.0%), 165 (32.4%) and 222
(43.6%)(Table 2).

The number of histologic subtypes in the metastatic
lymph node tumors divided according to the size

We compared the number of component histological sub-
types in the primary tumors and metastatic lymph node
tumors by dichotomizing the metastases according to the
tumor diameter into <2 mm or >2 mm. The number of sub-
types in the metastatic lymph node tumors in the group in
which the primary tumor was composed of one subtype was
1.00 £ 0, indicating that all metastatic tumors arising from
primary lesions composed of a single histologic subtype also
showed a single histologic subtype (Fig.2a). Fig. 2(b—d)
shows the comparisons between the two metastatic tumor
groups (divided according to the tumor size) in each case of
the primary tumor being composed of two, three, or four
subtypes, respectively. No significant differences between
the two size groups were observed in the metastatic tumors
arising from primary tumors composed of two histologic sub-
types. On the other hand, significant differences between the
two size groups were observed in the metastatic tumors
arising from primary tumors composed of three or four sub-
types (Fig. 2¢,d; P < 0.01 and P < 0.01). The mean numbers
+ standard error (SE) of subtypes in the metastatic lymph
node tumors that were <2 mm and >2 mm in diameter were
1.18 £0.06 and 1.60 +0.05, respectively, and 1.32 £0.11
and 1.75 + 0.06, respectively.

Comparison between the predominant histologic
subtypes in the primary tumors and metastatic lymph
node tumors

We compared the predominant histologic subtypes of the
primary tumors and 509 metastatic lymph node tumors
(Table 3). The predominant subtypes of the metastatic lymph
node tumors in the cases in which the primary tumors showed
the lepidic-predominant subtype were the papillary subtype
(50.0%) and acinar (50.0%) subtype. The predominant
subtype of the metastatic tumors in the cases in which the
primary tumors showed the papillary-predominant subtype
was the original papillary subtype (47.4%), followed by the
solid (39.7%) and acinar (12.9%) subtypes. The predominant
subtype of the metastatic tumors in the cases in which the
primary tumors showed the acinar-predominant subtype was
the original acinar subtype (72.0%), followed by the solid
(23.4%) and papillary (4.6%) subtypes. The predominant
subtype of the metastatic lymph node tumors in the cases in
which the primary tumors showed the solid-predominant

© 2014 Japanese Society of Pathology and Wiley Publishing Asia Pty Ltd
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Figure 2 The number of component histologic subtypes in the metastatic lymph node tumors. (a) Comparison of the histologic subtypes in
the group in which the primary tumor was composed of a single subtype. The mean number of histologic subtypes in both metastatic tumor
size groups was 1.00. (b) Comparison in the group in which the primary tumor was composed of 2 subtypes (£2 mm: 1.1, > 2 mm: 1.2
P =0.14). (c) Comparison of the histologic subtypes in the group in which the primary tumor was composed 3 subtypes (<2 mm: 1.2, > 2 mm:
1.6: P < 0.01). (d) Comparison of the histologic subtypes in the group in which the primary tumor was composed of 4 subtypes (<2 mm: 1.3,

>2mm: 1.8: P < 0.01).

Table 3 Comparison between the predominant histrological sub-
types in the primary tumors and the metastatic lymph node tumors

Predominant subtype

Metastatic
Primary tumor LN tumor (%)
Lepidic Papillary 4 (50.0)
Acinar 4 (50.0)
Solid 0(0.0)
Papillary Papillary 92 (47.4)
Acinar 25 (12.9)
Solid 77 (39.7)
Acinar Papillary 5(4.6)
Acinar 77 (72.0)
Solid 25 (23.4)
Solid Papillary 6 (3.0)
Acinar 13(6.5)
Solid 181 (90.5)

subtype was the original solid subtype (90.5%), followed by
the acinar (6.5%) and papillary (3.0%) subtypes. The solid-
predominant subtype was identified at a high frequency in the
metastatic lymph node tumors, even in cases in which the
primary tumor showed other predominant subtypes.

Predominant histologic subtypes according to the
sizes of the metastatic lymph node tumors

Next, we compared the predominant histologic subtype of the
primary tumors and matched metastatic lymph node tumors
in relation to the sizes of the metastatic lymph node tumors
(Fig. 3).

1 Primary tumor showing the lepidic-predominant subtype;
one case of the papillary-predominant and one of the
acinar-predominant subtype were identified in metastatic

© 2014 Japanese Society of Pathology and Wiley Publishing Asia Pty Ltd
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Table 4 The correlation between the metastatic lymph node predominant subtype and metastatic tumor size (<2 mm and >2 mm) in a)

papillary and b) acinar predominant primary tumor

a) in papillary predominant primary tumor

Predominant subtype

Metastatic lymph node tumors Papillary (%) Non-Papillary (%) P
Size
<2mm 18 (35 33 (65) 0.04
>2 mm 74 (52) 69 (48)

b) in acinar predominant primary tumor

Predominant subtype

Metastatic lymph node tumors Acinar (%) Non-Acinar (%) P
Size
<2 mm 12 (55) 10 (45) 0.04
>2 mm 65 (76) 20 (24)

lymph node tumors that were more than 5 mm in size (data
not shown).

2 Primary tumor showing the papillary-predominant subtype;
the most frequent subtype in the metastatic tumors that
were <2 mm in size was the solid-predominant subtype
(25/51, 49.0%), followed by the papillary subtype 35.3%
(18/51). However, when the metastatic tumors grew to
more than 5 mm in size, the most frequent subtype was
the papillary subtype in 54.3% (44/81), followed by the
solid subtype in 39.5% (32/81) (Fig. 3a).

3 Primary tumor showing the acinar-predominant subtype;
the acinar- and solid-predominant subtypes were identified
in 54.5% (12/22) and 36.4% (8/22) of metastatic lymph
node tumors that were < 2 mm in diameter, respectively.
On the other hand, the acinar and solid subtypes were
seen in 83.8% (31/37) and 10.8% (4/37), respectively, of
metastatic lymph node that were more than 5 mm in diam-
eter (Fig. 3b).

4 Primary tumors showing the solid-predominant subtype;
the solid-predominant subtype was identified in 98.0% (48/
49) of metastatic lymph node tumors that were <2 mm in
diameter. The solid subtype was seen in 86.3% (88/102) of
metastatic tumors that were more than 5 mm in diameter
(Fig. 3c).

Comparison of the predominant histologic subtypes
between metastatic lymph node tumors that were 2 cm
or under and over 2 mm in diameter

Table 4 shows the correlation between the predominant his-
tological subtype and the metastatic tumor size (<2 mm vs.
>2 mm) in cases in which the primary tumor showed the
papillary- or acinar- predominant subtype.

When the predominant histologic subtype of the primary
tumor was the papillary, 35% of metastatic tumors that were

<2mm in diameter showed the papillary-predominant
subtype; however, the frequency of tumors showing the
papillary-predominant subtype increased to 52% in the meta-
static tumors that were >2 mm in diameter (P = 0.04).

In addition, when the predominant subtype of the primary
tumor was the acinar subtype, 55% of metastatic tumors that
were <2 mm in size showed the acinar-predominant subtype,
with the frequency of this histologic subtype increasing
to 76% in metastatic tumors that were >2 mm in diameter
(P =0.04).

DISCUSSION

In the present report, we found that the predominant histo-
logic subtype of metastatic lymph node tumors that were
2 mm or less in size often differed from that of the primary
tumor. Actually, even when the primary tumor showed the
acinar- or papillary-predominant subtype, metastatic lymph
node tumors that were small in size often showed a solid-
predominant subtype. However, as the metastatic lymph
node tumors increased in size, the original subtype began to
appear. These findings suggest that the solid morphology
could be the initiating feature of metastasis in the early phase
of the lymph node metastatic process. Then, as the meta-
static tumor cells engraft and grow in the lymph nodes, the
tumor cell populations regain the original morphological fea-
tures and diversity. This sequence implies that the histologi-
cal and biological characteristics of tumor cells in the
engraftment process are largely different from those of tumor
cells in the development process of metastatic tumor
formation.’'® This is the first study to evaluate the correla-
tion between the sizes of the metastatic tumors and the
histologic subtype and tumor cell diversity in cases of adeno-
carcinoma of the lung.

In a previous report about the histological characteristics of
metastatic lymph node tumors, Sica ef al. reported that the
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Figure 3 Comparison of the predominant
histologic subtypes according to the sizes
of the metastatic lymph node tumors. (a)
Cases in which the primary tumor showed
the papillary-predominant subtype. There
were 51, 62 and 81 metastatic lymph node
tumors that were <2mm, > 2mm but
<5 mm and >5 mm in diameter respec-
tively. Of the 51 metastatic tumors that
were <2 mm in diameter, 25 (49%) showed
the solid-predominant subtype and 18
(35%) showed the papillary-predominant
subtype. Of the 81 metastatic tumors that
were >5 mm in diameter, 32 (39%) showed
the solid-predominant subtype and 44
(54%) showed the papillary-predominant
subtype. (b) Cases in which the primary
tumor showed the acinar-predominant
subtype. There were 22, 48 and 37 meta-
static lymph node tumors that were <2 mm,
> 2 mm but <56 mm and >5 mm in diameter,
respectively. Of the 22 metastatic tumors
that were <2 mm in diameter, 12 (55%)
showed the acinar-predominant subtype
and 8 (36%) showed the solid-predominant
subtype. Furthermore of the 37 metastatic
tumors that were >5 mm in diameter, 31
(84%) showed the acinar-predominant
subtype and 4 (11%) showed the solid-
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predominant pattern of any primary tumor is more likely to be
seen at the metastatic site, and even when the micropapillary
and solid patterns are present only at a small percentage in
the primary tumor, these patterns are often seen in the meta-
static lymph node tumors."” While these findings were partly
consistent with our current results, there was no reference to
the correlation of the metastatic tumor size with the predomi-
nant histologic subtype in that study. Taking these observa-
tions and our current results into consideration, it may be
speculated that the solid morphology may be an important
feature reflecting metastasis-initiating cancer cells during the

>2,<5mm

predominant subtype. (c) Cases in which
the primary tumor showed the solid-
predominant subtype. There were 49, 49
and 102 metastatic lymph node tumors
that were <2 mm, > 2 mm but <5 mm and
>5 mm in diameter, respectively. Of the 49
metastatic tumors that were <2mm in
diameter, 48 (90%) showed the solid-
predominant subtype, and of the 102 meta-
static tumors that were >5 mm in diameter,
87 (86%) showed the solid-predominant
subtype. [, Papillary; 1, Acinar; g2,
Solid.

>Smm

process of development of lymph node metastasis. Takuwa
et al. reported that solid subtype in lung adenocarcinomas
exhibits the invasive immunophenotype, including increased
laminin-5 expression, which may, in part, be consistent with
our hypothesis.®

in this study, the solid predominant subtype in the meta-
static lymph node tumor is morphologically defined according
to the primary tumor criterion. However, considering cancer
stem/initiating cell theory, it is possible to think that biological
features of the cancer cells showing ‘solid’ morphology in
metastatic lymph node tumor are different from those of
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primary lung tumor showing solid morphology. Further inves-
tigation will be needed whether these two morphologically
similar tumors display different biological features.

Aokage, one of our colleagues, examined a large number
of small intrapulmonary metastases in detail by applying the
histological classification of primary adenocarcinoma of the
lung to the metastatic tumors.™ In this report, most intrapul-
monary metastatic tumors arising from primary adenocarci-
noma exhibited a lepidic-predominant histologic subtype in
the early phase and the morphological diversity of the original
tumor began to be reproduced as the tumor grew in size. This
phenomenon was similar to our finding of recapitulation of the
original morphological features as the metastatic tumors
grew, but differed in that the major hisotologic subtype in the
early phase of pulmonary metastatic tumors was the lepidic-
predominant subtype, whereas in our study, it was the solid
subtype. This difference suggests the possibility of the histo-
logical environment of the metastatic organs decisively
affecting the tumor morphological features in the early phase
of the metastatic process.

Recent studies have indicated the importance of transient
EMT-MET switches in the metastatic process.'* Chaffer
et al. showed, using a bladder cell line, spontaneous shift
from mesenchymal to epithelial characteristics and its asso-
ciation with increased metastatic ability in advanced malig-
nancies.® Tsai etal also reported, using a spontaneous
squamous cell carcinoma in Twist 1 transgenic mouse model,
that activation of Twist1 is sufficient to promote EMT of
cancer cells and to disseminate the cells into the circulation,
and also that turning off Twist1 is essential to allow reversal
of EMT for dissemination of tumors to distant sites.?* We also
previously investigated the immunophenotypes of cancer
cells in small metastatic lesions of the lung, and concluded
that a dynamic phenotypic change that includes both EMT
and MET occurs in the early phase of metastatic tumor for-
mation.® Therefore, the solid histologic subtype is the impor-
tant phenotype corresponding to the transitional phase of
EMT-MET in the early stage of the metastatic process.

The cancer stem cell theory may explain the phenomenon
of metastatic tumor cells reproducing the morphological
diversity of the original tumor as the metastatic tumors grew
in size.?®3° According to the cancer stem cell concept, a
single cell or a small number of cancer cells have the poten-
tial to reconstitute a primary tumor under favorable conditions
and diversity of the tumor cell populations develops during
tumor progression.

Successful formation of macroscopic metastatic tumors
requires angiogenesis and several extrinsic factors in the
microenvironment. Therefore, tumor microenvironment of
micrometastases and macrometastasis would be obviously
different. To examine the differences of cancer cell phenotype
and the stromal reaction between in micrometastases and
macrometastases gives us very important information to know
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the dynamism of tumor metastatic process. For further inves-
tigation, we are planning to examine the immunophenotypic
differences between lymph node micrometastasis and
macrometastasis.

in conclusion, we found a high percentage of cases
showing the solid phenotype in the early phase of the lymph
node metastatic process, and that the metastatic tumor cells
tended to regain the original morphological features and
diversity as the tumors grew in size. As a prognostic factor,
the small lymph node metastasis is recently noted and pro-
spective cohort surveys have been performed.®'* Clarifica-
tion of the biological features of small lymph node
metastases is important for the development of new strate-
gies for early cancer detection and for the development of
effective cancer treatment approaches.
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Abstract

Purpose Cancer cells and cancer-associated fibroblasts
(CAFs) together create the tumor microenvironment,
which affects malignant behavior. Lung adenocarcinomas
with CAFs expressing podoplanin (PDPN) are clinically
aggressive, but the molecular mechanism underlying this
phenomenon has not been established. So we identified the
characteristic immunophenotype of lung adenocarcinoma
cells coexisting with PDPN-expressing CAFs (PDPN-
CAFs) and examined how it relates to an aggressive clin-
icopathological outcome.

Methods We analyzed the clinicopathological char-
acteristics of 119 adenocarcinomas with a uniform size
(2-3 cm). The expression levels of ten invasiveness-
related proteins which related to cell adhesion and inva-
siveness, such as Ezrin, were examined in cancer cells
from PDPN-CAFs (+) cases and from PDPN-CAFs
(=) cases (n = 20 each). To examine the functional
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importance of the identified protein on the invasion phe-
notype, we performed wound healing and a Matrigel inva-
sion assay using shRNA-knockdown lung adenocarci-
noma cells (PC-9).

Results The PDPN-CAFs (+) cases had significantly
higher rates of node metastasis (p < 0.01) and vascular
invasion (p < 0.01). The cancer cells from the PDPN-CAFs
(+) cases also had a significantly higher staining score
for Ezrin (p < 0.01) than those from the PDPN-CAFs (—)
cases. The migration and invasion activities of the shEzrin-
induced PC-9 cells were significantly lower than those of
the control cells.

Conclusions Our results indicated that within a tumor
microenvironment composed of PDPN-CAFs, increased
Ezrin expression in cancer cells might play a key role in the
invasiveness of lung adenocarcinoma.

Keywords Cancer microenvironment - Ezrin -
Podoplanin - CAFs - Lung cancer

Introduction

Primary adenocarcinoma of the lung is known to have a
poor prognosis, even if surgery is successful, and approxi-
mately 15 % of patients develop recurrences (Asamura et
al. 2008; Devesa et al. 2005). The S-year disease-free sur-
vival rate for patients with stage I disease is about 75 %
(Yoshizawa et al. 2011). Thus, improved knowledge of
the molecular mechanisms underlying the development
and progression of lung adenocarcinoma is essential to the
development and establishment of effective therapeutic
modalities.

Cancer tissue is composed of not only cancer cells, but
also stromal cells, such as fibroblasts, endothelial cells,
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and inflammatory cells; together, these cells create the
tumor microenvironment. Previous studies have demon-
strated that the biological behavior of cancers is influenced
by the tumor microenvironment (Ishii et al. 2005; Ito et
al. 2007). Extensive clinical evidence and experimental
models have shown that certain types of cancer-associated
fibroblasts (CAFs) may have a tumor-promoting phenotype
(Gottschling et al. 2013; Ito et al. 2007; Korc 2007; Okusa
etal. 1999; Xing et al. 2010).

We previously reported that CAFs expressing podo-
planin (PDPN), a mucin-like transmembrane glycopro-
tein that is known as a lymphatic endothelial marker, was
correlated with a poor prognosis in patients with all-stage
lung adenocarcinoma,(Kawase et al. 2008) and a high
rate of recurrence in patients with stage I lung adenocar-
cinoma (Ito et al. 2012a). Moreover, the co-transplanta-
tion of A549 (a human lung adenocarcinoma cell line)
and PDPN-positive fibroblasts significantly increased
the efficiency of tumor implantation, and the short hair-
pin RNA (shRNA) knockdown of PDPN in fibroblasts
decreased the augmenting effect on A549 tumor forma-
tion in a mouse xenograft model (Hoshino et al. 2011).
These results suggested that both cancer cells and CAFs
expressing PDPN might create a more malignant microen-
vironment for tumor tissue. The biological characteristics
of PDPN-CAFs are gradually being elucidated (Ito et al.
2012b), but the characteristics of cancer cells in a micro-
environment containing PDPN-CAFs have never been
analyzed.

Accordingly, we attempted to identify the immunohis-
tochemical characteristics of lung adenocarcinoma cells
coexisting with PDPN-expressing CAFs (PDPN-CAFs)
and to examine how these immunohistochemical character-
istics relate to aggressive outcomes.

Materials and methods
Patient selection

A total of 695 consecutive patients underwent surgi-
cal resection for primary lung cancer between January
2011 and June 2013 at the National Cancer Center Hos-
pital East, Chiba, Japan. We reviewed the patients’ clin-
icopathological information in their medical records and
selected 119 cases of invasive lung adenocarcinoma with
a tumor size of 2-3 cm in diameter. Patients who received
preoperative treatment and cases with multiple primary
lung cancer were excluded. All the surgical specimens
were collected and analyzed after receiving the approval
of the Institutional Review Board of the National Cancer
Center Hospital East.
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Histological studies

The surgical specimens were fixed in 10 % formalin and
were serially sectioned at 5-mm intervals; all the sections
were then embedded in paraffin. The sections were stained
using the hematoxylin and eosin (HE) method, the Alcian
blue-periodic acid-Schiff (AB-PAS) method for the detec-
tion of cytoplasmic mucin production, or the Victoria-blue
van Gieson (VVG) method for the detection of elastic fib-
ers. All the histological materials included in this series
were reviewed by two pathologists (S.S. and G.L). The
pathological stage was determined based on the TNM
classification of the International Union Against Cancer
(UICC), seventh edition. Histological typing of the primary
tumors was performed based on the World Health Organi-
zation classification of cell types, third edition. Invasive
lung adenocarcinomas were classified into the following
subtypes: lepidic predominant, papillary predominant, aci-
nar predominant, micropapillary predominant, and solid
predominant. The predominant component was defined as
the histological component that comprised the largest per-
centage among the components.

Antibodies and immunohistochemical staining

The antibodies used in this study are summarized in Sup-
plementary Table 1. The slides were deparaffinized in
xylene and dehydrated in a graded ethanol series, and
endogenous peroxidase was blocked with 3 % hydrogen
peroxide in absolute methyl alcohol. After epitope retrieval,
the slides were washed with phosphate-buffered saline and
were incubated overnight at 4 °C using mouse or rabbit
antihuman antibodies at their final dilution in the block-
ing buffer. The slides were washed again and incubated
with EnVision (Dako, Glostrup, Denmark) for 1 h at room
temperature. The reaction products were stained with diam-
inobenzidine; lastly, the slides were counterstained with
Meyer hematoxylin.

Calculation of immunohistochemical scores

All the stained tissue sections were semiquantitatively
scored and evaluated independently under a light micro-
scope by two pathologists (S.S. and G.I.); when the evalua-
tion results differed, the final report was determined based
on a consensus reached between the two pathologists who
evaluated the slides together under a conference micro-
scope. We graded the podoplanin expression by the CAFs
as follows: grade 0, podoplanin-positive CAF area/stromal
area x 100 = <10 %; grade 1, podoplanin-positive CAF
area/stromal area x 100 = 10-50 %; and grade 2, podo-
planin-positive CAF area/stromal area x 100 = >50 %.



