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Effects of Hypoxia on Human Seminoma Cell Lines
Tomohiro FUJII

Hypoxia is considered to play an important role in tumor progression through vascular
endothelial growth factors (VEGF). In this study, the effects of hypoxia on human testicular
seminoma cells were analyzed. A human testicular seminoma line (JKT-1) and its highly
metastatic subline (JKT-HM), established at Kawasaki Medical School, were used to analyze the
effects of hypoxia on these cells with regard to growth, morphological changes, production of
VEGF-A, and various gene expressions including angiogenic factors, induction of apoptosis, and
cell cycle perturbation. Hypoxia suppressed cell growth, caused morphological changes that
transformed the cells into large and spindle-shaped cells, and enhanced VEGF-A production in

both lines. In JKT-1 cells, the gene expressions of VEGF-A, -B, and -D were enhanced until day
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2 in hypoxia, and then reduced. However, VEGF-C expression was enhanced continuously. There

was no change in HIF-1 (hypoxia inducible factor-1) gene expression. In addition, upregulation
of stress proteins (HSP70 and HSP90), cyclin-dependent kinase-inhibitors (CDK-Is) (p21, p27,

and p15), and adhesion molecules (CD44 and Vimentin) was observed in JKT-1 cells cultured in

hypoxia. Although both lines showed G, cell cycle block in hypoxia, no appearance of apoptotic

fractions was noted. These results indicate that the upregulation of angiogenic factors caused by

hypoxia was observed in seminoma cells in similar manner to that in other solid tumors.

Specifically, the constitutive upregulation of VEGF-C, which has been identified as one of the most

important factors in lymphatic metastasis of cancer cells as well as VEGF-D, lead us to clariby the

role of this factor in clinical lymphatic metastasis found in seminoma patient in the future. (Accepted
on December 20, 2001) Kawasaki Igakkaishi 28(1) > 23—31, 2002
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THEE L.

RNA DOl & cDNA O£

JKT-1, NC&HT2HHE, HCLH4HT1~4
HH ®¥53 X ) #iifa % £ TRIzol (GIBCO BRL
Life Technologies Gaitherburg, MD, USA) % F >
THERNA ZHIH L7, 20k, 1ug D4 RNA
Loligo (dT) 3 79 4 v — (RKIEE 1 uM)
% 12.5 ul @ diethyl pirocarbonate (DEPC) 4L
PR AKIZHER L, 70T 2 5 BB o Bk
L 7z. cDNA @ & B 13200 H {7 @ recombinant
MMLV (Molonu-Murine Leukemia Virus) reverse
transcriptase (MBI Fermentus, Vilnius, Lithuania)
WCRgE, 427, 604rRILERRE, 70T, 104
DB TEHEFROFFE AL EZITo 72, AR
17z cDNA 13 5 #% 9|2 DEPC QLEE #8588 K 12 V&
fi# L, 1 ul (10 ng 4 RNA #124) @ cDNA %
multiplex-reverse transcription—polymerase chain
reaction (MP-RT-PCR) |2t 7-.

MP-RT-PCR i
KB OIS 5720, %

BZFREIAL HC TOENS L DL, H5E
EFONCIZBIFZHMWEHRELZLOE LT
BEL:. 2B, 794 ~—0EER, it
mEE, EWOY A X1t Table 12579,

X0 CD54 DREBLOME

105 @ JKT-1 3 & U8 JKT-HM #ifa % 3 H Y
NC 7 5 DNZHC & FTHR#EL, v v A
I CD54 $if& (MBL Co., Nagoya, Japan) |2
THEFT 1 REB UG, PBS 12T #k#, fluorescein
isothiocyanate (FITC) (2TT X)WV L7=T— M
< 7 X IgG $ifk (MBL CO.) 2304 Kb &+
7o1%, PBS IZC#i%12, FACSCalibur (Becton
Dickinson Immunocytometry Systems, Mansfield,
MA, USA) (2T L7z, xR, Mo &
DHENGEE L L7z,

HE & B O AT B £ O TUNEL

10 @ JKT-1 3 X OF JKT-HM i % 3 0 4
NC7 6 ONZHC &£ T THEELKRFL 2.
i A ) o AT, IIUE RIS 5.0 ug/ml @

Table 1. The primers sequences and RT-PCR strategy used in this study

COMPBTH—IZHBRTLLEERL o

Primers (F, foward; R, reverse) Ta(C)  Product size(bp)
. e g < VEGF-A F:5'-GCAGAATCATCACGAAGTGG-3' R:5-GCATGGTGATGTTGGACTCC-3  sg 212
5 ns hOUSCkeepmg JE{I\‘% T ﬁ) 5 VEGF-B F:5'-CCTTGACTGTGGAGCTCATG- 'CTGGCTTCACAGCACTG-3' 60 246
©um e 5 _ VEGF-C F:5"AGACTCAATGCATGCCACG TGAGTCATCTCCAGCATCC-3' 57 435
[ —actin & ZF D R 754 VEGE-D F:5“GCTGTTGCAATGAAGAGA TCTTCTGTTCCAGCAAGTGG-3 56 313
VEGFR2 F:S"AACGACTGCCTTATGATG TCCACAATCACCATGAGTGG3 58 298
_ S — 1 = Ang2 F:5"GCCACAACCATGATGATCC-3' RS- TTCTTGGTTGTGACAGCAGC-3' s8 340
~v—¢& %’ BIZF D BWERNT T4 FGF-2 F:5-CTGTACTGCAAAAACGGG-3' R:5-AAAGTATAGCTTTCTGCC-3' 45 349
" J N HIF-1a F:5-TCATCCATGTGACCATGAGG-3 R:5- TTCATATCCAGGCTGTGTCG-3' 56 345
< —2HE—NIAR , TEDS f HIF-18 F:5-CTGATGGCTCCTATAAGC [GGAAGACTGCTGACCTTCC-3' 57 309
HIF-2a F:5-ATGAGGATGAAGTGCACGG- FTTCTCGGAGTCTAGCGC3 59 359
- 7% N o0~ VHL F:S“TATGGCTCAACTTCGACGG-3' TCTCAGGCTTGACTAGGCTCC3' 59 262
) PANY
b2 &) KERHALTVWLHRS Y b 2 i CBP/p300  F:5“TCAGTCAACATCTCCTTCGC-3 GTTGAACATGAGCCAGACG-3' 58 o
i pae e, s MRG1/p35stj  F:5-TATGATGGCCATGAACCACG-3' R:5-GGTTGTTGAGCTTCTGCAGC-3' 6 353
M3 rLER iy 7z MP-RT-PCR o Aldolase A F:5-GGCATCAAGGTTGACAAGG-3 GCAGATACTGGCATAACGG-3' s8 20
GLUT 3 F:S"GTTGTTGGAATTCTGGTGGC-3' R:5-TCATCTCCTGGATGTCTTGG-3' 57 241
%M L7>. MP-RT-PCR HEIZT LDH A F:5CCAAGCTGGTCATTATCACG-3' Ri5-ACAGGCACACTGGAATCTCC.3 57 334
o HSP 27 F:5"TGGATGTCAACCACTTCGC-3' R:5-TGGTGATCTCGTTGGACTGC-3' 02 246
. 5 HSP 70 F:5“TGACCTTCGACATCGATGC-3' Ri5"TGTTGAAGGCGTAGGACTCC-3' 60 219
= = 0, —
WIE X/ EWME1.2%7T Hn HSP 90 F:5-AGACCACTTGGCAGTCAAGC TCCTTGTCTTCTGCCAGC 3! 56 335
53 ;5 ACATGACGGAGGTTGTGAGG TGATGGTGAGGATGGY' 59 266
> 23 3 P
A7) E "C’?E j“‘(;}(gi] L, =FTw p21/Cipl :5"AGCAGAGGAAGACCATGTGG "AGGCAGAAGATGTAGAGCGC-3' 60 250
% p27/Kipl F:5-AACGTGCGAGTGTCTAACGG. CTTCCATGTCTCTGCAGTGC 3! 60 154
. o Hls T pléfinkda  F:S-ACCAGAGGCAGTAACCATGC CACATGAATGTGCGCTTAGG 57 372
A7ua<xA R %@fﬁcb Fas-1II image 15/inkéb  F:5-GGAAAGAAGGGAAGAGTGTCG-3' R: CGCACCTTCTCCACTAGY 61 173
P
HCG-8 F:5“TCAGGTGGTGTGCAACTACC- GAGGAGTCCTGG3 61 206
ana]yzer (TOYOBO’ Tokyo ol apan) PLAP F:5-CTCCAACATGGACATTGAC AGTGCGGTTCCACACATACC-3' 59 181
CD44/HCAM  F:5-TGTTAACCGTGATGGCACC3 GCTCCACCTTCTTGACTCC-3' s8 32
- . ™ CDS4ICAMI  F:5-AGCTTCGTGTCCTGTATGGC 3 GAGCACATTCACGGTCACC-3' 60 261
cvfﬁf*ﬁ'ﬂ:, E% % Quantity One Vimentin F:5 GACAGGATGTTGACAATGCG-3' R:5-CATCCACTTCACAGGTGAGG-3 58 375
8- actin F:5“TGACGGGGTCACCCACACTGTGCCCATCTA 3! 661

version 2.5 (PDI Inc., Huntington

R:5-CTAGAAGCA’ GCGGTGGACGATGGAGGG-3'

Station, NY, USA) % H\» THf
X FEBLEE & AT L 72, K#ETO

The abbreviations used are : Ta, annealing temperature ; VEGF, vascular
endothelial growth factor, VEGFR2, VEGF receptor2 ; Ang, angiopoietin ; FGF,

fibroblast growth factor ; HIF, hypoxia-inducible factor ; VHL, von Hippel-

AR R I KB TF OWIERE -
Y OR % f-actin WIEEW DR T

Lindau gene ; CBP, CREB binding protein ; GLUT3, glucose transporter 3 ;
LDH, lactate dehydrogenase ; HSP, heat shock protein ; HCG, human chorionic

gonadotropin ; PLAP, placental alkaline phosphatase ; HCAM, homing cell

FrLCkod7z. £7-, NC ThDi&E

adhesion molecule ; ICAMI1, intercellular cell adhesion molecule].
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bromodeoxyiridine (BrdU) T304 7NV L,

FIBERIZT0% DTy ) — VIZTEE. 4 NHCI
[ TRIR205 B E %, 0.5% Tween 20 (Sigma
Chemical Co., USA) #% & & PBS 1ml & FITC
12TV E N7 H BrdU £/ 7 10— F Lk
(Becton Dickinson Co.) 2T R T20% I HE.

5 ug/ml @ propidium iodine (PI, Sigma) (2T
DNA % %eftfk, 50 um D F A T ¥ X v ¥ 2 T
W%, Bl IRREZ T FACS Calibur |2 TH#
L7z, 7F b= ADOFEOKEZ, TUNEL
(TdT-mediated dUTP nick end labeling) i (in
situ ML ZE 4 H % » b, Boehringer Mannheim
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L 7:. Figure 4 |2 % E RO M HREBED
BALZRT.

F 3 M0 FT 4R N 78 Tld VEGF-A & -B % 2
HEXT, BE, BAMNUELLRERER-T
WA, ZOHEE L. £/ VEGF-D % 1

2000 {

Biochemica, Mannheim, Germany) T JG1%,
~ 1500 [
@ K12 FACS Calibur (2 CTH#HT L 72. 2
% 1000 [
ﬁ % E —O—JUKT-1(21)
ZS —0—yKT-1(1)
= —B— JKT-
SRR EO AL - | sty
Figure 1 (2 JKT-1 B &£ UV JKT-HM YN ES
B L B B0 B AT THIEC 1 |
H B2 LT3 T2 HC B TIIBEAEA 6] S 4, 0 1 2 s .
4 HECTIXARBLWE 20 b/, Culture Days
Fig. 1. Growth curves of JKT-1 and JKT-HM cells cultured
s in normoxic (21%) and hypoxic (1 %) conditions.
TEREDZEAL The experiments were performed triplicatelly and results
NC T3 JKT-1, JKT-HM 32BN D were shown as mean + SD.
7 3 IR :i N i .
MR ASBOR RIS S % 78 (Fig JKT-1

2A B L 1°2B), HC Tix, Mtk
B AANET 5 KRB0 H5ETE O
Ha ke 2 EAMER S N7z (Fig.
2C BX U 2D).

VEGF-A DA

Figure 3 (23 & L H P~ D
VEGF-A DA #/R7. JKT-1,
JKT-HM #:iZ HC Tix, 8%
X ) VEGF-A OREENTLEL, 24
BB TIEFOENELLE>T
Wi, ToOZ ki, kb MEEESI
) —<HIBC BT b o FERIE
& L WAk, HCIZX Y, VEGF-
ADEENTTHET LI L EZREL

Fig. 2.

Inverse microscopic morphologies of JKT-1 (panels A & C) and JKT-
HM (B & D) cells in normoxic (A & B) and hypoxic (C & D) conditions
(original magnification ; x 200). Bars represent 100 ym.
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HHIZRBIUEZ D%, HEL Ll
VEGF-C (3 % Bl T &£ 299 < Ffe L T 7z,

VEGF receptor 2 (VEGFR2/KDR) & {5 [ 3 %
FIZTHHADPFE I N Tz, Angiopoietin 2
(Ang 2), fibroblast growth factor-2 (FGF-2)

100

75

~~@= JKT-1 Normoxic cul ture
50 =@~ JKT-1 Hypoxic culture
—&— JKT-HM Normoxic cul ture
—8— JKT-HM Hypoxic culture

25

Relative VEGF- A production
(pg/ 105 proliferating cells)
(VEGF- A concentration in cul ture mdium/cell number)

=}

8 16 24
Culture hours
Fig. 3. VEGF-A production into culture medium from JKT-
1 and JKT-HM cells in normoxic (N) and hypoxic (H)
culture conditions
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DWW T HIF-1 B EEE T, 2y t—
VLRV TIERERELZRBD B h o7z,

72, RBREETF B LU HSPs I22oWTid,
HRICEG LIRBRFRIC X - TEMAL T 2 81E
F®9 b, aldorase A, glucose transporter 3, 72
5 U LDH-A oEfaFR#BUITTE L7z, F7-
HSPs @ 9 %, HSP27 I35 BLIES, 70£90Tid
POz, TLE L Tz,

RISHRE AR R 1 RE T, p53 ORBLI
WEEEE L, p21CPl, p27Kiel 2 | C pl5inkeb/MTs:
DITHENFER S 7z,

B, I/ —<HEEETF D) B, placental
alkaline phosphatase (PLAP) & human chorionic
gonadotropin (hCG) - f D FEHILHE b b & 1L
7z.

REIZEAKFTIE, CD44 & vimentin D3

VEGF-B

VEGF-C

VEGF-D | [ VvEcFRe/KDR Ang?2

p27/Kip1

Relative gene expression level (RGEL) [REGL in 21% O, being 1.0]

1 21% O, Day2
1% O, Dayt
1% O, Day2
@m 1% 0, Day3
mm 1% O, Day4

Fig. 4. Representative changes of relative expression levels of individual genes studied. The experiments were performed at

least tripricatelly. All experiments revealed similar results.
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BAERITA L, CD54/ICAM1 I3RS LT/,

i1 CD54/ICAM-1 D %881 (Table 2)

JKT-1, JKT-HM 312, Btk o & & id%
LU Ao 7e7s, PIYHOLMRE OB OE50°
R LT,

MR R B X 07 R b= RO (Fig. 5,
Table 3)

JKT-1, JKT-HM 3|2 HC TiZ G, Hi~n %
&L SHORA IR S NIz, T DK T sub-
G ¥, WbwWwar7RMNVAHFEOEH TR
{, TUNEL#EIZBWTHHC TETK =¥

Table 2. Surface expression of CD44 and CD54 in JKT-1
and JKT-HM cells
JKT-1 JKT-HM

21% 0, 1%0, 21%0, 1%0,
Positve % 90.26 91.16 88.05 89.84
D4
elative
mean intensity 22l 180 201 1.36
Positve % 80.63 81.90 80.43 72.01
CD54 .
Relative 10.84 9.86 6.57 5.60

mean intensity

Both JKT-1 and JKT-HM cells were cultured in 21% or 1%
0, conditions for 2 days. Then, surface expression of CD44
and CF54 were analyzed flow cytometrically. Positive %
indicates percentage of CD44 and CD54 positive fractions
compared with cell only control. The relative mean intensity
was calculated as intensity in cultured cells divided by that of
cell only control. The experiments were performed duplicately
and showed similar results.
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VEGF & i 4E K F o ¢ & BT IE S o I
EHECEELEEERLTWE I LA
TETHBYYO, v PRI/ —<ICHT
LHMEIBRAINLDD, v MERELI ) —
< Mifakk (KT-1) 2BV T HIREERREEICT,
2 HH ¥ T VEGF-A, -B O#EEFREAITE
L, VEGF-A A DR RRY I ) THEL T
LI ENHEREINS., VEGF-CB XU -DdY
YT ERBICESTAEEDRATRS
AU M FERR T S TARIEIC BT L,
¥¥IZ VEGF-C 133 { Ffe L w7z, b MR
Table 3. Percentage of cells sub-G1, G1, S, and G2 + M

phases in JKT-1 and JKT-HM cultured in 21% or 1%

0, condition for 2 days. The analysis was performed
flow cytometrically and results were shown in Fig. 5.

— JKT-HM

21%0,  1%0,  21%0,  1%0,
Sub Gy 1.46 212 142 1.94
Gy 39.49 62.95 45.53 64.96
s 38.52 15.75 32.39 13.61
G, 21.51 19.45 21.40 19.76

(% of total cells)

B JKT-HM

Counts
0 20 60 90 120 150

0 200 400 600 800 1000

Pl-Ares

Fig. 5. Flow cytometrical analysis of cell cycle perturbation in JKT-1 (Panel A) and JKT-HM (B) cells cultured in
normoxic (21%) and hypoxic (1%) conditions. The experiments were performed duplicately and showed similar

results.



B b MBEY I — < HIERICN T B RE R R DK 29

I =) YNENCEREE T 5 2 LA
RIICHISNTED, 1 BOEKEBEEENIH
LOBMWRIILEEZERT S Z L3, M
ERFREICB VW TEREOWMEY b 7253 fE
HERBTLIEEZAMREERDbDNS., LiL,
VEGF-C & 1% ¥ 12 13 hypoxia response element
(HRE) LW T, EKEERECTHTE
RRBERF HIF-1 2433, Jloy 7 FIvR
PN TVWELDERDbh, SBOKEERET
»5b. T72, VEGF-A, -C BL U -D OZ%54k
T3d 5 VEGFR2/KDR % {KEEF 22T JKT-1
THERBAPED bz, BHRIZIZIASDZHE
HIZBERHALTBSY, 92 VBRICT
MEFEZ KT EENTWSERY, SHOEE
TIRMERFERICTHFESINTETEY, +—
b2V UBEESE X, KEERETOBMEO
EUREERICEES LT LI EEMNITRE S
nr.
KEERFIRBICTHFESI NS HIF-1 ICB LT
X, WEFEIRETIE, HIF-1IZEE SIS LR
R F MIC X W %2 %) 505, Kl
FRETRIRELRELRY, EE2HBL
TV ZEFHLTWBY, SEAyE—VL
NV TIRBEFREOELZED Do 12905,
EH VANV THRASLESTFH SN DT, Wi
LTHmizw,
REERIRETIE, pS3 2 AT HTREI—T X
bEME SN TV B, K FHEE; % T IKT-1,
JKT-HM 3 (2 HH 2380l S 7225, S H O
TIE, JKT-1, JKT-HM i EEERE#ICC
P53 TR R HSBWIT L THB Y, BT LAZBRY
TR7HR M=V RAIHRI N D720 0D,
p21, p27 = L T pl5s ODREBITHEI TR S 1,
S 50T, MR E B AT TIZ TR L ISR A
G, IND&ERL S ORI bz T,
HH RS S 58 D ¥ AR SR AR A A p27 D FHL % L
I LTG 2o SHAOBITZIH LTV
LD EF 2z 5, Gardner 5 DIRE L —F L
THEY, e MEEEI ) —<HIaKkICBIT A&
FRFRERIC L A HHOMIHNE, F& LCHIRRE
oG HITOEEPERTH D Z L RS

7z, 7z, p27, p15 1332 transforming growth
factor (TGF)-BICX D FEINZZ L THE
ENTENOD ZhH5DH AL b H A VO
BRFERRIZL DB SBBRE T AL EN D 5.

ZOMOBBERECHFESNLBIEZT &
LT, RBERICE S § % aldorase A, glucose
transporter 3 72 5 (N LDH-A O &2 FHBE D
METTIE, 9 TIRMHEINRTVSE EHI2V0H
LTw/z, 7, KEELVIZXPLRE A B
LAEHTH D HSPs £ OWE D 4T - 72,
HSPs ® 9, 7R b= 2IZHHMICES T
5T ENMEN TS HSP27 £ HSP7(2) 20,
% 7z HIF-1 L HEAEH$ % HSPYO® iIZ oW Tk
B EAT o THAz. HSP27 IZRHBOWEY, HSP70
& HSPYO i3 TLHEDLRD SN, T b bEkEE
RETOEUREEBR~NOBS P EZ SR, &
#IKEE % & HSPs O 5 O O LB b R
Ih-.

WG DR, SBICEERTFIEE T &
3> TWv b A5, JKT-1 3 L OV JKT-HM 4|2
KRR RN T TR OM L 25 2 &,
BIORBEERBIIB 2EERTFOREI
RE3hnaZein®® FTROEERTFICO
WTHMET L7z, CD44, vimentin |3 % e 53
Ji#E, CD54/ICAMI 23855 L T/, BEEE
CD54/ICAM1 DR BIE M AL, Btk o
HEITEM L2 TH, BE, BBEBEIRE
%R L7z, TAERIIRE %A%, matrix
metalloproteinases (MMPs) 2D\ T % MP-RT-
PCRIEIZ X DE 2T - 7248, KREWEFEDS
Nhoi.

HHEEROKRMEEEE LT, €3I/ —<
EFEI ==, Tabb, REWE, FRE,
MR, INERIEE, RAREE 2 SICoE S
N, ZoRTh 3/ —<idRMLa i
Y, TIhHMOMBEINO GO FEM: D
HY, SEHEEEFIREI LI EEE S 2
EHEID, TNLOEE~—FH—Thb,
hCG-p & g fetoprotein (AFP), * I J —=|Z
FRERMICEHR LTS E I 5 PLAP ORE D
47 5 72. PLAP, hCG- 8 12 JKT-1 2B VT 1
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HEICTHEZADDY, AFP 3B %
#ot.ﬁﬁiﬁﬁikb%%t=/~7%%
KRICBWTH S AR EFEILR S R wARICE
b,

UE, bhibhoHETHILILI /) —<
HIFBRRIZR U CIERM RS R & oM 21T -
7. ABRIIRFE LA OGS TFROEHL AL
TOMEK, HHVIETA A4 v OBERKE
FIZEBBA~DT A+ B 4 v OMEFORKET
AN REXEE I T DOIRRERE R TV 2,

% =

bhbhoHETHIL L MERELI/ —
<MKk E R E U CIREERE RSN T T, M
Favasl, MR ERT, BEFEBR, MREY
DFFHT % L2 T o 72,
1>ﬁ%ﬁ(mﬁﬁ>®ﬁ@%(1%m)$

#12B W, JKT-1, JKT-HM i FiEF o

VEGF-A O REEENTUHE L 7.
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B2 Lo TRUT O R %
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