WRATEE 46 : 775-781, 2000 775

FRIEZ B 2 S ERTFORB L
U 2 NEERRE & ORFEIZ DWW T

SRRFEFMWRBFFHE (EE : BARBRAIT)
BHE 8, N oBAZ, IIEE WE, Bl
Il Mz, 1A B, EA Bk

CORRELATION BETWEEN EXPRESSION OF METASTASIS-RELATED
GENES AND LYMPH NODE METASTASIS IN TESTICULAR CANCER
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Masayuki Ecawa, Tadao UcniBavasur and Mikio Nawmikr
From the Department of Urology, Kanazawa University School of Medicine

To investigate the factors related to lymph node metastasis of testicular germ cell tumors, we first
established a seminoma orthotopic model with lymph node metastasis in SCID mice by inoculating
small fragments from subcutaneous xenografts. Second, we compared the expression patterns of
metastasis-related genes of the seminoma xenografts and of the TCam-2 cells which were established as
a seminoma cell line from a primary testicular seminoma. Third, we immunohistochemically
analyzed human germ cell tumors (25 seminomas, 17 nonseminomas) using monoclonal antibodies to
CD34, VEGF, VEGF-C, Flt-4, MMP-2 and E-cadherin. Testicular seminoma xenografts grew in
32/32 (100%) of the inoculated mice, of which 15 (47%) developed macroscopic metastasis to the renal
hilar lymph node. Circulating tumor cells were detectable by using a PCR assay for the human f-
globin gene in 25/32 (78%) mice, although metastatic foci were not histologically evident in the
visceral organs, including lungs, liver, kidneys and spleen. This may reflect the lymphophilic
characteristics of the seminoma cells used. Regarding mRNA expression of metastasis-related
genes, an increased expression of MMP-2 and VEGF compared with that in the s.c. xenografts
was demonstrated by RT-PCR assay in the testicular seminoma xenografts. In addition, uPAR,
MMP-1, MMP-2, MT1-MMP and MT3-MMP showed a a stronger expression and PAI-2 a
weaker expression in the seminoma xenografts than did TCam-2 cells. These results suggest a
higher metastatic potential of the seminoma xenografts, especially testicular xenografts, as

compared with TCam-2 cells. In the immunohistochemical study, a significant correlation was
found between MMP-2 expression and lymph node metastasis, which is compatible with the
results for the metastasis-related gene expression from the seminoma xenografts.

(Acta Urol. Jpn. 46: 775-781, 2000)
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Abbreviation

uPA : urokinase-type plasminogen activator.

uPAR : urokinase-type plasminogen activator receptor.
PAI-1: plasminogen activator inhibitor-1.

PAI-2: plasminogen activator inhibitor-2.

MMP-1: matrix metalloproteinase-1.

MMP-2: matrix metalloproteinase-2.

MTI-MMP: membrane-type 1 matrix metalloproteinase.
MT3-MMP : membrane-type 3 matrix metalloproteinase.

TIMP-1: tissue inhibitor of metalloproteinase-1.
TIMP-2: tissue inhibitor of metalloproteinase-2.
VEGF : vascular endothelial growth factor.
TFR: transferrin receptor.

VEGF-C : vascular endothelial growth factor C.
Flt-4 : fms like tyrosine kinase 4.
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. COREREOCBREL L TSENIHBEERICH T
B SEHEBOERIC» 2 SEFIIDVTEER
09, BRRARRET AT o7, BRI BT IS REH
EFORBE) v /3HilfE &L OME LR U w3
BADBTHLN, BEEBBICBNTHMENAEICH
5.4 % vascular endothelial growth factor (VEGF)
DEBEDEOHN, &5 VIMImMES I H5 T
% E-cadherin D38 L WA 7% EAHE SN T
Wh. EBEREEEOREREOS CIIBERFIZR
BLZEETHY, BIZSERED LS IR O
FRER G EORESITEIRETH .

S TR OMRBICIFABYERE T VO
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CRIPFTBHZ A L. b MEREE I — < #lfatko
BWurixEbo THEBL S, NI TAELY,
Kinugawa &2 & 2 MBI L OHE A LN D

10% 20004

A, K bEI w0 v THEBTERTA
EREFNVOBEELZ VD EBbNhE., bhvbhid
severe combined immunodeficient (SCID) =7 & il
eI/ —=D) R GEBEOMA BT ETE
HREE & LT L, ZOBHEER 2~ ABHRIC
AT A Z & CHEBES & URIEE ) >/ Hitk
BEFVEHT LAY ZICACEFVERAVTY
v HER OB b ARFEERL, BRRE
2B A RBMR & BHRE L 2O TEDHR |G
T 5.

R EHE

1) BWERETN.

501%, B, €3/ —=, stage IIIA, $E L) >
NEEBEEHEE BEHIC3mm AICHAL
SCID =7 ZDEME TIBIELLY 240 A%, JE
BIIERY lom 10 F THIEBE L FNLER <7 2EE
BTFICTHAREYIT-TWA. ZOMUBHEEE S
2mm FICHIF L, =7 AO—IREERA~NBHEL.

Table 1. Oligonucleotides for RT.PCR and Southern blot hybridization

Genes Primers and probe

Fragment size

uPA 5-AGAATTCACCACCATCGAGA-% 474
5'-ATCAGCTTCACAACAGTCAT-3'
5-AGGCAGATGGTCTGTATAGT-%

uPAR ¥-TTACCTCGAATGCATTTCCT-3 455
5-TTGCACAGCCTCTTACCATA-3'
5-TCATCAGACATGAGCTGTGA-3

PAI-1 5-ATGGGATTCAAGATTGATGA-3’ 452
5TCAGTATAGTTGAACTTGTT-3
5-AGAGAGCCAGATTCATCATCAAT-3

PAI-2 5-TAAGCTGTTTGGTGAGAAGT-3' 327
5-TACATCATCTGTACAGGTGT-3'
5-TAGACTTCCTAGAATGTGCA-3'

MMP-1]

5-GGTGATGAAGCAGCCCAG-3 437

5-CAGTAGAATGGGAGAGTC-3'
5-AGCAGACATCATGATATCTTTTGTC-3

MMP-2

5-CCACGTGACAAGCCCATGGGGCCCC-3 486

5-GCAGCCTAGCCAGTCGGATTTGATG-3'
5-TTGATGCGGTATACGAGGCCCCACA-3'

MTI-MMP

5-ACCTACGTACCCACACACAG-3’ 661

5-AAATTCTCCGTGTGCATCCA-3
5-CTACATCCGTGAGGCCCATGAGA-3

MT3-MMP

5-ATGTGCTACAGTCTGCGGAAC-3 461

5-TATCCACATCACGTTTGCCA-3
5-GTGGACAGAAACACAATTGAC-3'

TIMP-1

5-TGCACCTGTGTCCCACCCCACCCACAGACG-3 552

5-GGCTATCTGGGACCGCAGGGACTGCCAGGT-3
5-TTCACCAAGACCTACACTGTTGGCT-3

TIMP-2

5-CCGACGCCTGCAGCTGCTCCCCGGTGCACCCG-3 601

5-GGAAGCTTTTATGGGTCCTCGATGTCGAG-3
5-ATGGCAACCCTATCAAGAGGATCCA-%

VEGF 5-GAAGTGGTGAAGTTCATGGATGTC-3' 541
5-CGATCGTTCTGTATCAGTCTTTCC-3'
5-GAGATGAGCTTCCTACAGCACAAC-3

E-cadherin

5-ACCTCTGTGATGGAGGTC-3 544

5-CCACATTCGTCACTGCTACG-3'
5-AACGTCGTAATCACCACACT-3

TFR 5-ACAGACTCTACATGTAGGAT-% 415
5-AAACCTTGAAGTTGCTGGTA-3
5-TATCCCTCTAGCCATTCAGT-3

The top row is the sense primer, the middle row is the antisense, and the bottom is the probe

for Southern blot hybridization.
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Table 2. Clinical stage and histology

Stage
I I1, II1
Seminoma 2 5
Nonseminoma 6 11

Embryonal ca: 10
Mixed GCTs: 6
Teratoma: 1

RERFR B O, 7 & ORI ViR D
Biz@BE L. $/oMHs LU, MiZBiTsE
BHROTEICOVWTIdE hR=¥ 70UV #ZT %
BHEET & Lz PCREDICTHRIET 72, &5
WKL TH LSRN 7—<Hlakk
TCam-2% Dt %517 2x10° DM % — B HA
~NEA, HBVIE 10 O T B TICHME LE
FEBERE T IRET L7z,

2) RT-PCR &

JEB LI BT HEBHEREFORBICOWV T
RT-PCR {2 THRE L7z, # RNA OffiFEIE,
Chomczynski 5 ¥ D FEICET VT, 4 v ¥~
(= Rry—v. ®BE) #AVTTo7/. RT-PCR
X Jin 1& RNA PCR ¥ v b (Perkin-Elmer Cetus,
Branchburg) % fiv:7z. ¥ % bbH 0.6 mg DFE RNA
RBRIEL, Ty anFHT—2 TSI -LLT
WEBMFEIZT cDNA ¥ &5 L7z, KiZ& mRNA
R 794w —% A, Tag F) X7 -¥
T cDNA DU D#IE% 1T- 7. PCR RIEiZ i
DNA #—=< )44 7 5 — (Perkin-Elmer Cetus) %
FRLAEMEY 94°C, 60FE, 7=—) 7%
48°C, 901, DNA fE % 72°C, 80Bf & L, &
N%30 %4 2 VT L7z, Table | IZERA LT T
{<—D—HzZRY
3) fEMELFERE

KICEHMERE TN TRENLCEAFOEBRL L bD
BHRIER BV ) 2 RS L BEND A0 EDIC
SWTHRETT 5 2 L BRI AV =) v EERBER
%V CRIERBALFOMIT 21T - 7. dRIIBERE
E4960 (Table 2) Th 5. FIEMBILFEREIZIIHR
CD34 #if& (Novocastra Laboratories), $i VEGF
itk (Santa Cruz Biotechnology), #i. VEGF-C #i
fk (Santa Cruz Biotechnology), #l fms like tyro-
sine kinase 4 (Flt-4) #T & (Santa Cruz Biotech-
nology), i matrix metalloproteinase-2 (MMP-2)
Filk (BE+EAT%), H E-cadherin ¥ifk (£iEE)
FEW FULVICTH ST 74 2 L72fk, 0.01
M 7 T EEBEHR (pH6.0) T 500W, 55K
A4 ray L — 7% 3 HEERDE LMEEOREL
21T o7. 0.3%BEILKEMR Y 7 — VW THREMENR

VA FOF—ERERESE, 70y FVYTEBER
(DAKO) % 104FIfEM%, —RIufk : #i CD34 #ifk
(1:200), #i VEGF #ifk (1:200), #it VEGF-C
#ifk (1:100), #i Fle-4 Hifk (1:200), $it MMP-
9 3tk (1:100), Hi E-cadherin #ifk (1:100) %
4£°C — B E Lb X ¢7:. A F VZ#RA~ 7 XD
BV F IgG L Kb &gk, TEI AT
YRV AF LY —YHEES (Vecstain ABD kit, Vec-
tor Labolatories) % FI\20.02% @b KEMT 7 2
IR FTUIITRBEITS 7.
4) AL G B DOFF

IR % & U200 DREERTF 2 AFTICB N T
ZREN0EOMB P OB EMEEEZRHIL, €O
Ty % HHRCEHME L 7. BEEAT10% KiE % B,
10% 0L Ex B L HE L7z, BEALETEIZDOWT
EAUNLE CEMIME, /NEIR) (CREDT SR AL
DR 20015 DHEFIZT 3 AETEHIL, €DFH%E
/NG E (microvessel density : MVD) & L7z,
5) #eEHLEREk

BB TOEEEREICIE ¥ REDH S\ id Mann-
Whitney P UIRTE %17 - /2.

= S

v b3 - BEHETHRABMEES I SCID <
v ANEEPICHEAE L100% EB 2 R L7z, BRELL
HEE E FAIOBME) v EilER T &L (Fig. |,
2), FOMEEZILE, 138, 158%ICBLTENREN
3/10 (30%), 5/12 (42%), 7/10 (70%) & #ERFEYIC
L7z, — A EEE T REERIC BV TIIBAE6E
% T O AERAYIZE S R EB RO b o 7.
FERIEIE % R L7~ A Dk ESMAL I PCR

Fig. 1. Macroscopic appearance of mouse 15
weeks after orthotopic implantation of
human seminoma. The black arrow
indicates the seminoma xenograft in
left testis, the arrow head the intact
right testis, and the white arrow
metastasis to the left renal hilar lymph
node.
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Histological appearance of testicular xenograft (A, X 100) and lymph node metastasis (B, X100).
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Fig. 3. Expression of metastasis-related genes in seminoma xenografts and

TCam-2 cells. Lanes 1-3: s.c. xenografts of seminoma from three
mice; lanes 4-6: testicular xenografts; lanes 7-9: lymph node
metastases; lane 10: TCam-2 cells culture, and lane 11: s.c.

xenograft of TCam-2.

FEWC L NT8% (25/32) MR S b, HFCixEhZE
n100% (32/32), 84% (27/32) TH-7-. MiEHIE
ElanO R BIIEEES IKIET HERIZSH - 725,

Y UNREERBOFELIILT L —B L7 Y
YEHDANOEERERT b b, I, B, BiCBw
TIIEGRER 158 M OBREH M I HERFENICHS
PRERBEIRDONLE o7 BT, BE, Vs
HicBW TR ISNEBRIC B 5 £ EEERE
FORBELRT A ERBEEFEIIBVTHLLIZZED
BEHSTEL T2 bDid MMP-2 Th o 72 (Fig.
3). —7% TCam-2 {IE T IZHBWVTIZ100% &S % TRk
L72h8, M TIEERIIER ST v i bR

HhNeho7. EHREERGTFORRICEHLT
TCam-2 (in vitro » 52 VW ITE TRMEER) L+ 3
J - HHIEE L O HBIZE VT urokinase-type
plasminogen activator receptor (uPAR), plasmi-
inhibitor-2  (PAI-2), MMPs
(MMP-1, MMP-2, membrane-type 1 matrix met-
(MT1-MMP), membrane-type 3
matrix metallo-proteinase (MT3-MMP)) ZH & %
%Z% R, —h E-cadherin IZDWTIIHE & b F
REORBID L/ (Fig. 3).
RICEHEERE 7V TRESNLRFORRANE b
FRRIER 12 B\ T & EiRRS & BE D H B h BN

nogen activator

alloproteinase
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Fig. 4. Immunohistochemical staining for Flt-
4. Embryonal carcinoma cells are
positively stained (X40).
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Fig. 5. Relationship between microvessel den-
sity and VEGF expression. Statistical
significance of differences was evalu-
ated with the Mann-Whitney U test.

DWTRET A2 &% BRIV =) v EEMBER
AW TRIEMBILFEYR B 2T o 72, BROTMRIZIZ
MmATHD B3 ) Y 7fTHED 20DV — B b, R
RETIRLITLIEY) VYD B WIZIMENDREZA
MBI oN5D, Il CDM AR TRES NS
DRWPMERRVEBITHELEZEZLNLD, &2
B2k 5T Y ERE B ER LAE DR
HHEERITOENE . —F) YSBENEIRERNIC
RET DL SN D Fle4® 133 Fle4 FLiRiz X p )~
INERRIIBITAEEIREINPREEEILTLD
Fo 3T, SLIEEMRBARSBIIREEZT
L7 (Fig. 4. LAd>THRENEZA Y vVEL
R HRICEALEZIZOWTETT 5 2 LiZE#
Thsb, DEDZ L®FE#L 729 2 Thi CD34 #iufk
FPHOTVWHY ZEEAM/PMLERE (MVD) %5
fliL7z. MVD & VEGF LD #E%* A 5% L VEGF
DRBOEFET MVD ICHEEZ 4 ROWEDHEREN
R (Fig. 5). L2L MVD & stage £ D
MRS bk o7 (Fig. 6). T/ VEGF &
stage 5V IZRERE L stage, S HITIZEFOY
4 X (BAE) & stage LORICHHBEIZED SN
75 72, E-cadherin 2D WTIZREANEA L T

B IEBHNL L E-cadherin A Tdh 72, FLHFEE
VW ASIRE R BB 5112 13 E-cadherin BB S
VEBIZ & 5 7z, L7 L E-cadherin & stage & DR
1Bk B LEBOFML E-cadherin DGk L DR
IR IEDHBIATR &7z (Table 3). THO—RAGH
HHEBEOERE LTE I 7 —<id low stage THEMHE.
ThrI NSVl LT, LI/ —<TH
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Fig. 6. Relationship between microvessel den-
sity and stages.

Fig. 7. Immunohistochemical staining for E-
cadherin. Positive staining is indi-
cated at the differentiated portion in a
stage III case of teratocarcinoma.

Table 3. Relationship between immunohisto-
chemical staining and lymph node

metastasis
Stage
Staining
I IT, 11T

VEGF Negative 6 2 NS
Positive 20 14

VEGF-C  Negative 15 8 NS
Positive 11 8

Flt-4 Negative 17 6 NS
Positive 9 10

MMP-2  Negative 22 7 P<0.01
Positive 4 "9

E-cad Negative 19 P<0.05
Positive 7 10

Statistical significance of differences was evaluated by
the y’-test, with a p-value less than 0.05 taken as the
criterion of significance. NS, not significcant.
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¢ Naake DL

Fig. 8. Immunohistochemical staining for
MMP-2. Some tumor cells are posi-
tively stained.

high stage TH->Td Fig. 7ICR LN B T & {H45
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Dk MMP-2 DFEBRT&H- 72 (Table 3). Fig. 8 I
stage 111, #FED MMP-2 FEBHHEH % RT

% =
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— KB 512 & o TR &7z TCam-2¥ & #igic
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EXDH7INTwEEblb O BIEEE &
B 5. TCam-2 ® SCID =% A EEHME T TOENE
EREIIRERR S N2, BHENTIIHER & 723 2d 5
oo INFEFThbNIIBREOBEMEFHEEIZIEA
THIECEBOFELERLTH 0O, TCam-
2D 12BE COBSHBETREIEE B L oh -
77BHEAHETHE. 2T TCam-2 ® in vitro H
BV THREEEE 3 ) — < BEEEOEBEE
BIZFORBE* B L7 2 5 uPAR, PAI-2,
MMPs (MMP-1, MMP-2, MTI-MMP, MT3-
MMP) IZHLPRENRD SN, ThF T uPAR
DERBLFBER L OMERAREY, 58P
MESINTWAE. T/ PAI2 ORBL L) v EER
LOMMBEL ZhE TIEY, B cHEshT
BYUuFF—EI 272 IBITAINLOFRITE
I —IBHEEREOBERBEIIETLILNTHA.
SHIZT M)y AXuTasr7—-¥ORBEIIBN
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REVHDHZEMNFZSD. —F E-cadherin DRI

105 20004F

BOTHAERICERBD LN, TOEIZOED
DEEARMEB IR Db o TV DB
LR RICLTWVA. 8512k —vBEES
CBWTHET»OERICHIET S 2 & T MMP-2
DRBNGHE SN D & 12 VEGF ORFTENBIE
sh, FFBRICE M NBBEOELIC L > TR
YA T A (AR PR ¥ ok (- PLEDEYE
BREF N OFERSSEREE - LI1CE I/ —7ilB
Ti¥ MMPs & VEGF ORESEBREICPPD 2T
VB TTREB AR & 7z, % 72 PCR IC X BT
Bty AENTHEEBLTV A I 7 —<HllRIEE
BB ICER AT ARNIE R D LHTS N
B, —HY LS TIX15ETI0% I BIRAYIZEE S Ak
EBERELTHBH\vbWY 5 lymphophilic charac-
teristics % RBLL 2352 & X 6B, ) ¥/ SEHITH
+ 5 B2 ST 5 AFIISE OB TS HT
BRWA, 1 Y527 avB3 R a3p1 7 L DM
BEEERTFOrDb 22T/ —<7, 80 %
ETHE XN TB N SRR T RERETH 5.
STHEME*HVW - RERAGLFERE TR
MMP-2 OB L) v /3gitmi & ORIZHBIRO 5
NEMEBROERE DB &7z, LPLINITH
HEEF BV THRE SN TWwb MVD'® VEGF",
E-cadherin? & OMBIEHL PICE Nk D o7, &
IZ E-cadherin {22V Tid+ 3 7 —< DOKRETIZEHE
Thbh, —HFEE3I /7 —<IZB\Tid high stage i
BITH->TH LN LT EBEEE 252 LB%
<, Lo THEEREMAL LTI stage LIEDH
M%RL7EEZS5N5. Heidenreich 5213, g
R I DI I 7 —< 2B WT E-cadher in DHEHED
FEL ) v /3HiE# (pathological stage II) & D3
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79 % & E-cadherin B4t stage I T5/6 (83%),
stage IT, III TY/11 (82%) T& HHEIL 2 MaEIL
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BB EETEHIELI 7 — <28V Tid E-cadherin
DFERE) VNFERIEE OBITIRETHL L #E 2
2% (A

5 £
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EROERL ) £ 3I 7 — <#FIZi1E lymphophilic
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