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S ummary.Wehave established two adriamycin (ADM)-
resistant sublines with different levels of drug resis-
tance, MKN45R0.05 and MKN45R0.8, from the parental
MKN45 human gastric cancer cell line by exposure to
stepwise increases in ADM. MKN45R0.05 and
MKN45R0.8 cells were 4.8-and 15-fold more resistant to
ADM than MKN45 cells, respectively. Flow cytometric
(FCM) analysis revealed that MKN45R0.8 cells had
significantly lower accumulation of cells in G2M phase
and higher efflux rate of intracellular ADM content
than MKN45 and MKN45R0.05 cells. There was no
significant increase of P-glycoprotein expression in
both resistant sublines by FCM analysis. Verapamil
(VPM) showed stronger modifying effects on ADM
sensitivity and cell kinetics in MKN45R0.8 than
MKN45R0.05 cells. These results indicate that FCM
analysis is useful for determining the level of drug
resistance, drug accumulation and P-glycoprotein
expression in cancer cells, and that the differential
resistance-modifying activity of VPM depends on the
level of drug resistance.

Key words-adriamycin, drug resistance, verapamil, gas-
tric cancer cell line, flow cytometry.

INTRODUCTION

Acquired resistance to anticancer drugs is a major
obstacle in the treatment of gastrointestinal malig-
nancies. Resistance to cytotoxic drugs occurs not
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only to those used in therapy but often to structurally
and functionally unrelated classes of anticancer
drugs. This type of resistance is called multidrug
resistance (MDR). MDR is frequently associated with
the overexpression of the mdrl gene, which encodes
a 170-kilodalton transmembrane protein termed the
P-glycoprotein.1' P-glycoprotein functions as an
energy-dependent efflux pump which decreases net
intracellular drug accumulation. There are, however,
a number of reports describing cell lines that show an
MDR phenotype, but without evidence for P-glyco-
protein expression,2^51 suggesting the existence of
other mechanisms for this phenotype. We have previ-
ously reported the establishment and characteriza-
tion of a low-level adriamycin (ADM)-resistant
human gastric cancer cell line.6) Our results have
demonstrated that the mechanism of ADM resistance
in this cell line is independent of P-glycoprotein
expression, and that flow-cytometric (FCM) analysis
is useful for detecting early steps in the acquisition of
drug resistance of cancer cells.

In the present studies, we have established two
ADM-resistant human gastric cancer cell lines with
different levels of drug resistance. We nowreport on
the differences in cell kinetics, cellular pharmaco-
kinetics, P-glycoprotein expression and resistance
modifying activity of verapamil (VPM) among the
resistant and parent cell lines.
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* * *
P < 0 .0 5 c o m p a r

-

e d t o v a l u e s f o r M K N 4 5 R O .0 5 c ell s .

s e e n f o r t h e c ell ul a r u p t a k e of A D M ･ Fig ･ 3 s h o w s

e 組 u x of A D M aft e r e x p o s u r e t o 4 F L g/ m l A D M f o r 60

m i n . D r u g ef臥1 Ⅹ W a s Si g n i丘c a n tly e n h a n c ed i n b o th

M K N 45 R O .05 a n d M K N 4 5 R O .8 c ell s c o m p a r ed t o t h e

p a r e n t al M K N 4 5 c ells ･ M o r e o v e r , a t e a c h t
i m e p o i n t ,

t h e i n t r a c ell ul a r A D M c o n t e n t of M K N 4 5 R O .8 c ells

w a s si g n i丘c a n tly l o w e r th a n th a t of M K N 45 R O ･05

c ells a n d A D M w a s c o m p l et el y e x c r e t e d f r o m th e

M K N 45 R O .8 c ells a t 9 h aft e r A D M t r e a t m e n t ,

alth o u g h M K N 45 a n d M K N 45 R O ･05 c ells h a d y e t

p r e s e r v e d i n t r a c ell ul a r A D M c o n t e n t ･

F C M a n aly sis f o r P
-

g ly c o p r o t ei n

p - gly c o p r o t ei n l e v els w e r e e x a m i n e d b y F C
M a n aly

-

sis aft e r st ai ni n g w ith t h e a n tトh u m a n P - gly c o p r o t ei n

a n tib o d y , M R K 1 6 ･ A ll t h e t h r e e c ell li n e s s t a
i n e d

si m il a rly w it h M R K 1 6 a n d n o r m al m o u s e l g G 2 a ,

i n di c ati n g th a t t h e r e w a s n o P - gly c o p r o t ei n e x p r e s
-

si o n i n t h e s e c ell li n e s ( Fi g . 4) .

E ff e c t of V P M o n A D M c y t o t o x icit y

l n iti all y , t h e eff e c t of V P M t o i n hibit c ell g r o w th i n

th e p a r e n t al M K N 45 a n d A D M - r e sist a n t c ell li n e s

w a s st u di e d . C ell g r o w th of th r e e c ell li n e s w a s n o t

i n hibit e d b y t r e a t m e n t w it h 0 .5 a n d 1 〟g/ m l V P M

(d a t a n o t s h o w n) . T h es e c o n c e n t r a ti o n s w e r e th e n

u s e d i n c o m b i n a ti o n w it h A D M . T h e r e s ult s o b t ai n e d

w it h V P M o n A D M c y t o t o x icit y t o th r e e c ell li n e s

a r e s u m m a ri z ed i n T ab le 2 . I n t h e p a r e n t al M K N 4 5

c ell li n e
,
V P M h a d n o eff e c t o n A D M c y t o t o x icit y :

t h e D M F w a s al m o st c o n s t a n t at 1 . O n th e o t h e r

h a n d
,
i n A D M - r e sis t a n t c ell li n e s

,
V P M t r e a t m e n t ( at

o .5 a n d 1 /` g/ m l) sig ni丘c a n tl y i n c r e a s e d t h e s e n siti v
-

it y of M K N 4 5 R O ･8 c ells t o A D M
,
alth o u g h i n

M K N 4 5 R O .0 5 c ells
,
a n in c r e a s e d s e n siti z a ti o n t o

A D M w a s o b s e r v e d o n ly at 1 / J g/ m l V P M t r e a t m e n t ･

M o r e o v e r
,
t h e D M F of M K N 45 R O .8 c ell s a t 1 ′上g/ m l

V P M t r e a t m e n t w a s sl g ni丘c a n tly hig h e r t h a n th a t of

M K N 45 R O .05 c ells . T his st r o n g e r m o dif yi n g e ff e c t

of V P M o n M K N 45 R O .8 c ells w a s als o o b s e r v ed b y

F C M c ell k i n eti c a n aly sis : V P M t r e a t m e n t r e s ult e d

i n a sig n i丘c a n t i n c r e a s e i n th e p e r c e n t a g e of c ells i n

G 2 M p h a s e in M K N 45 R O ･8 c ells b u t n o t i n t h e p a r e n -

t al M K N 4 5 a n d M K N 4 5 R O .0 5 c ells (T a bl e 2) .

D I S C tJ S S I O N

I n t his st u d y , w e h a v e e s t a blis h e d t w o A D M
-

r e si st a n t

h u m a n g a st ric c a n c e r c ell li n e s , M K N 4 5 R O ･05 a n d

M K N 45 R O .8
,
w it h diff e r e n t l e v els of d r u g r e si st a n c e ･
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F 山o re s c e n c e i nt e n sit y
F i g ･ 4 ･ F C M a n a l y si s f o r P -

gl y c o p r o t e in e x p r e s si o n i n M K N 4 5( A ) , M K N 4 5 R O .0 5( B ) a n d
M K N 4 5 R O 18( C ) c e ll s ･ E a c h s oli d a n d d o tt e d li n e r e p r e s e n t s c ell s r e a c t e d wi t h M R K 1 6 a n d
n o r m a l l g G 2 a , r e s p e c ti v el y .

T a b l e 2 ･ E ff e c t o f V P M o n A D M s e n si ti vi t y o f M K N 4 5
,
M K N 4 5 R O ･0 5 a n d M K N 4 5 R O .8 c ell s

M T T a s s a y

C ll l
'

a)

C ell k in e ti c s b y F C M
e l n e T r e a t m e n t I C 5 0 0 f A D M D M F

b)
P e r c e n t a g e o f c ell s G 2 M

( 〟g/ m l) i n G 2 M p h a s e m o d ifi c a ti o n c)

M K N 4 5 A D M a l o n e o . 2 2 ±0 . 7 7
d)

1 4 5 . 7 ±3 . 5
d)

1

＋O 15 p g/ m l V P M o
. 2 2 ±0 . 0 1 1 n t

e)
n t

＋1 JL g/ m l V P M o . 2 1 ±0 . 0 1 1 . 1 4 5 . 4 ±0 . 3 1 . 0

2 6 . 5 ±2 . 8 1
M K N 4 5 R O ･0 5 A D M a l o n e l . 0 6 ±0 . 2 0 1

＋0 ･5 jL g / m l V P M l . 0 5 ±0 . 1 3 1 . 2 n t n t

＋1 FL g/ m l V P M o . 7 3 ±0 . 2 1 1
. 6
f)

2 6 . 7 ±l . 3 1
. 0

1 7 . 8 ±l . l l
M K N 4 5 R O ･8 A D M a l o n e 3 . 3 3 ±0 . 5 2 1

＋0 ･5 JL g/ m l V P M 2 . 9 2 ±0 . 3 0 1 . 3
f)

n t n t

＋1 JL g/ m l V P M l . 7 3 ±0 . 2 3 1
. 9
f ･ g )

2 2 . 1 ±0
. 9
f)

1
. 3
g)

a ) C ell s w e r e i n c u b a t e d wi th A D M i n t h e p r e s e n c e o r a b s e n c e o f V P M f o r 4 8 h ･

b ) D M F
,
d o s e m o di fy i n g f a ct o r (I C 5 0 i n

a b s e n c e o f V P M / IC 5 0 i n p r e s e n c e o f V P M ) ･
c) G 2 M m o d i fi c a ti o n (p e r c e n t a g e o f c ell s i n G 2 M p h a s e i n p r e s e n c e o f

V P M / p e r c e n t a g e o f c ell s in G 2 M p h a s e i n a b s e n c e o f V P M ) ･
d) M e a n ±S D o f th e t h r e e i n d e p e n d e n t e x p e ri m e n t s .

e)
n t
,

n o t t e st e d ･

f)
P < 0 ･0 5 c o m p a r e d t o v a l u e f o r e a c h c e ll li n e t r e a t e d wi th A D M a l o n e ･ g ) P < 0 .0 5 c o m p a r e d t o v a l u e f o r

M K N 4 5 R O .0 5 c e ll s .

T h e r e si st a n c e f a c t o r s (I C 5 ｡ r e sis t a n t s u bli n e/I C 5 ｡
p a r e n t li n e) w e r e 4 .8 f o r M K N 45 R O .0 5 a n d 1 5 f o r

M K N 45 R O ･8 c ells
,
r e s p e c tiv el y ･ F C M a n al y si s d e m o n -

s t r a t e d t h a t t r e a t m e n t of c ells w ith A D M r e s ult ed i n

a n i n c r e a s e i n t h e p e r c e n t a g e of c ells i n G 2 M p h a s e

c o m p a r e d w it h t h e c o r r e s p o n di n g p e r c e n t a g e f o r th e

c o n t r ol i n e a c h c ell li n e . I n t h e A D M ィ e si st a n t c ell

li n e s
,
t h e p e r c e n t a g e o f c ell s in G 2 M p h a s e w a s

si g ni丘c a n tl y l o w w h e n c o m p a r e d w ith t h e p a r e n t al

M K N 4 5 c ell s . M o r e o v e r
,
it w a s l o w e r a s t h e r e si s _

t a n c e f a c t o r i n c r e a s ed . A D M a s w ell a s o th e r a n ti c a n _

c e r d r u g s , s u c h a s cis - di a m m i n e di c hl o r o p l a tin u m
,

c a u s e s a n a c c u m ul a ti o n of c ell s i n t h e G 2 M p h a s e ,
a n d t h e c ells t r e at e d w it h A D M eit h e r e v e n t u all y
di v id e o r die aft e r st a yi n g i n G 2 M ･

1 4
･
1 5' T h e r ef o r e

,
it

i s c o n c eiv a bl e t h a t t h e c h a n g e of c ell c y cl e - m e di at e d

e v e n t ( th e d e c r e a s e i n t h e p e r c e n t a g e of G 2 M p h a s e
c ell s) o c c u r s i n th e A D M - r e si st a n t c ell li n e s . M o r e _

o v e r
,
o u r p r e vi o u s 丘n din g s h a v e s h o w n t h a t t h e

m a g nit u d e of a c c u m ul a ti o n o f G 2 M p h a s e c ell s m a y
b e a u s ef u l i n d ic a t o r of d r u g s e n siti vit y .

6 ･ 1 6) A c c o r d -
′

1 n g ly , it c o r r el at e s als o w it h th e l e v el of d r u g r e sis -

t a n c e . A D M u p t a k e a n d e 組 u x c o u ld als o b e

e x a m i n e d b y F C M a n aly sis ･ A lt h o u g h b o t h A D M -
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r e sis t a n t c ell lin e s s h o w ed si m il a r r e d u c e d u p t a
k e

,

t h e hig h -l e v el A D M - r e sis t a n t M K N 45
R O ･8 c ell s

s h o w e d a hi gh e r e 組 u x r a t e of A D M c o m p a r e d t o t h e

l o w _l e v el A D M - r e si st a n t M K N 4 5 R O ･0 5 c ell s ･ T h u s ,

F C M a n aly sis is u s ef u l f o r d e t e r m i ni n g t
h e l e v el of

d r u g r e sis t a n c e a n d d r u g a c c u
m ul a ti o n in c a n c e r

c ells . If w e c a n d et e c t d r u g r e sis t a n c e in clin i c al

s a m p l e s d u ri n g c h e m o th e r a p y a
n d d et e r m i n e th e

d e g r e e of d r u g r esi st a n c e , c el
l k in eti c s a n d c ell ul a r

p h a r m a c o k i n e ti c s of c a n c e r c ell s b y F C M
a n al y st s ,

th e y m a y p r o vid e v al u ab l e i n f o r
m ati o n s f o r d e si g n l n g

th e c o m bi n e d u s e of r e v e r s al a g e n t s , s u c h a s v e r-

a p a m il th a t is dis c u s s e d i n th e
l a s t s e cti o n o f t his

p a p e r , o r it s a n alo g u e s ･

F C M a n a ly si s als o r e v e al e d t h a t all t h e A D M -

r e si st a n t g a s t ric c a n c e r c ell li n e s e s t a b li sh e d b y
u s

,

in cl u di n g a p r e v i o u sly r e p o r t e d li n e ,
6) did n ot o v e r e x -

p r e s s p - gly c o p r o t ei n ･ P - gl y c o p r o t ei n m e di a t ed d r u g

r e sist a n c e is t h o u g h t t o b e p r e c e d e d b y a n ot h e r

m e ch a nis m f o r M D R .

3) T h e r ef o r e
,
o u r c ell li n e s m a y

b e a t r el a tiv el y e a rly s t e p s i n th e a c q uisiti o n o
f M D R

a n d h a v e n o n - P - g ly c o p r o t ei n m edi a t e d m e c h a nis m of

d r u g r e si st a n c e ･ T o d at e , at le a st t
w o M D R g e n e s , t h e

p - gly c o p r o t ei n ( m d r l) a n d M D R- a s s o ci at e d p
r ot ein

( M R P) g e n e s , h a v e b e e n id e n ti丘e d
i n h u m a n s ･ M R P s

a s w ell a s P - gl y c o p r ot ei n b el o n g t o t h e A T
ト d e p e n

-

d e n t f a m ily of t r a n s p o r t e r s , b u t t h e y o
nly sh a r e li m

-

it ed st r u ct u r al h o m ol o g y t o P - gl y c o p r o t ei n , a n d th e

r e s ulti n g p h e n o t y p e s diff e r sig n ifi c a n tl y f r o
m th o s e

ob s e r v ed w ith P - gly c o p r o t ei n ･

5 ”- 1 9) F u rt h e r s t u di e s

a r e n e c e s s a r y t o el u cid at e w h e th e r o v e r e x p r e s s
i o n of

M R P c a n a c c o u n t f o r n o n- P - gly c o p r o t ei n m edi at e d

d r u g r e sis t a n c e i n o u r A D M - r e sist a n t c ell li n e s
･

c o n sid e r a bl e e ff o rt h a s b e e n m a d e t o dis c o v e r th e

s p e ci丘c m e a n s t o r e v e r s e o r ci r c u m v e
n t M D R ･ T h e

c al ciu m ch a n n el b l o c k e r , V P M ,
a n d th e c al m o d uli n

a n t a g o n is t , t ri且u o p e r a z i n e , a r e th e
丘r st c o m p o u n d s

f o u n d t o r e v e r s e P - gly c o p r o t ei n m e di a t e d d r u g r e sis-

t a n c e .
2 0 ･ 2 1) I n a d diti o n t o t h e s e c o m p o u n d s , o t h e r

ch e m o s e n sitiz e r s
,
i n clu di n g c y cl o s p o ri n A a n d S D Z

p s c 83 3
,
st e r oid h o r m o n e s

, q ui n idi n e a n d q u l ni n e ,

h a v e b e e n a b le t o s e n siti z e P - gly c o p r o t ei n
-

p o siti v e

a n d d r u g r e si st a n t c ell li n e s t o c y t o t o x i c a g e n t s ･
2 2- 2 5)

T h e s e c o m p o u n d s als o aff e c t n o n
- P - g ly c o p r o t ei n

m edi a t e d d r u g r e sis t a n c e , b u t th eir r e v e r s al e ff e c t s

a r e le s s o r v a r y a m o n g diff e r e n t c ell li n e s ･
1 8) I n t h e

p r e s e n t st u d y , w e sh o w ed t h a t t h e
r e v e r s al eff e ct of

V P M w a s st r o n g e r in hi g h-l e v el A D M - r e si st a n t

M K N 45 R O .8 c e lls th a n l o w -l e v el A D M - r e sist a n t

M K N 45 R O .05 c ells . M o r e o v e r , t his eff e c t w a s

c o n 丘r m e d b y F C M c ell k i n e ti c a n al y sis : t h e a c c u m u-

l a ti o n of G 2 M p h a s e c ell s , w hi c h is l o w i n A D M -

r e si st a n t c ells w h e n c o m p a r e d w ith t h e p a r e n t al c ells ,

w a s sig n i丘c a n tly i n c r e a s ed b y V P M t r e at m e
n t i n

M K N 45 R O .8 c ells b u t n o t i n M K N 4 5 R O ･0 5 c ells ･ T h u s ,

th e r e v e r s al eff e c t of V P M w a s o b s e r v e d e v e n i n o
u r

n o n - p - g ly c o p r o t ei n m e di a t e d
A D M - r e si st a n t c ell

li n e s a n d w a s g r e a t e r i n hig h
-l e v el A D M 十r e Sis t a n t

c ell li n e s . A lth o u g h o u r A D M - r e sis t a n t c ell li n e s d
o

n o t e x p r e s s p
-

g ly c o p r ot ein b e c a u s e t h ei
r d e g r e e of

d r u g r e sis t a n c e is s till at a n e a rly s t a g e ,
t h e s e r e s ult s

i n di c a t e th a t V P M m a y b e m o r e u s ef ul i n r e v e r s al of

hi gh e r -l e v el d r u g r e si st a n c e , i n w hi ch P - g
ly c o p r o t ei n

i s p r o b a bl y o v e r e x p r e s s e d ･ I n o th e r w o r d s
,
V P M is

m u ch l e s s eff e c tiv e a t r e v e r si n g r e sis t a n c e i n l o w -

1 e v el d r u g r e sis t a n t c ell li n e s , m a n y o
f w hi c h d o n o t

e x p r e s s p - gly c o p r o t ei n ･ T h u s
,
th e r e v e r s al of a n ti -

c a n c er d r u g r e sis t a n c e a p p e a r s t o d e p e
n d dir e c tl y o n

t h e l e v el o r t h e m e ch a nis m of r e si st a n c e ･

I n s u m m a r y , w e h a v e e st a blis h e d t w o A D M -
r e sis -

t a n t g a s t ri c c a n c e r c ell lin e s w it h d
iff e r e n t le v els o f

d r u g r e si st a n c e , a n d e x p l o r e d c o m m o n f e a t
u r e s

r el at e d t o A D M r e sis t a n c e a n d r e si st a n c e
- m o dif yi n g

a c ti vit y of V P M i n b o t h c ell li n e s ･ F C M a n al y s 上s m a y

b e u s ef ul f o r d et e r m i ni n g t h e le v el of d r u g r e si st a n c e ,

c ell ul a r p h a r m a c o k i n e ti c s o r P - gl y c o p r o t e
i n e x p r e s

-

si o n i n c a n c e r c ells . V P M h a s a s t r o n g e r r e v e r s al

eff e c t o n A D M r e si st a n c e e s p e ci ally i n hi g h
-l e v el

d r u g
-r e sist a n t g a st ri c c a n c e r c ells ･ T h e r e s u lt s s u g

-

g e st t h at t r e a t m e n t w it h
r e v e r s al a g e n t s s h o u ld b e

c o n sid e r ed f o r t h e l e v el o r t h e m e c h a n is m of d r u g

r e sis t a n c e i n c a n c e r c ell s .

A c k n o w l e d g m e n t s ･ W e a r e g r a t e f u
l t o P r o f e s s o r K a

-

t s u y o s hi Ⅲ a t a k e y a m a f o r h
i s a d v i c e a n d c ri ti c a l r e a d i n g

o f t h e m a n u s c ri p t ･ W e a r e a l s o g r a t e
f u l t o M r s M i n a k o

K a n a d a f o r h e r t e c h n i c a l a s si st a n c e w ith fl o w c y
t o m e t r y ･

R E F E R E N C E S

1) G o tt e s m a n M M , P a st a n I : B i o c h e m i st r y
o f m u lti-

d r u g r e si st a n c e m e d i a t e d b y t h e m u ltid r u g t r a n s p o r-

t e r . A n n u R e v B i o c h e m 6 2 : 3 8 5- 4 2 7 , 1 9 9 3 .

2 ) M i r s k i S E L , G e rl a c h J Ii , C o l e S P C : M u l ti d r u g r e si s
-

t a n c e i n a h u m a n s m all c e ll l u n g c a n c e r c e
ll li n e

s el e c t e d i n A d ri a m y ci n ･ C a n c e r R e s 4 7 : 2 5 9 41 2 5 9 8 ,

1 9 8 7 .

3) B a s s F , J o n g s m a A P M , B r o x t e r m a n 即 ,
A r c e c i R J ,

H o u s m a n D , S c h e ff e r G L , R i e th o r s t A , v a n

G r o e n i g e n M , N i e u w i n t A W M , J o e nj e H : N o n
- P-

gl y c o p r o t ei n m e d i a t e d m e c
h a n i s m f o r m u ltid r u g

r e si s t a n c e p r e c e d e s P -gl y c o p r o t e i n e x p r e s si o n d u r
-

i n g l n Vit r o s el e c ti o n f o r d o
x o r u b i c i n r e si s t a n c e i n a

h u m a n l u n g c a n c e r c e ll 1i n e ･ C a n c e r R e s
5 0 : 5 3 9 2-

5 3 9 8
,
1 9 9 0 .

4) C ol e y H M , W o r k m a n P , T w e n t y m a n P R : R e t e n ti o n

o f a c ti v it y b y s el e c t e d a n t h r a c y cli n e s i n a m u l ti d r u g

r e si s t a n t h u m a n l a r g e c ell l u n g c a r c
i n o m a li n e



w ith o u t P -

g l y c o p r o t ei n h y p e r e x p r e s si o n . B r I C a n -
c e r 6 3 : 3 5 ト35 7

,
1 9 9 1 .

5) C ol e S P C , B h a r d w aj G , G e rl a c h J Ⅲ , M a c k i e J E ,
G r a n t C E

,
A l m q u i st K C , St e w a rt A J

,
K u r z E U

,

D u n c a n A M V
,
D e e l e y R G : O v e r e x p r e s si o n o f a t r a n -

s p o r t e r g e n e i n a m u ltid r u g
-

r e si st a n t h u m a n l u n g
c a n c e r c ell l in e . S ci e n c e 2 5 8 : 1 6 5 0- 1 6 5 4 , 1 9 9 2 .

6) T a n a k a S , A i z a w a K
,
K a t a y a n a g i N , T a n a k a 0 :

F l o w c yt o m e t ri c a n a l y si s o f e a rl y s t e p s i n d e v e l o p-
m e n t o f a d ri a m y c i n r e si st a n c e i n a h u m a n g a st ri c

c a n c e r c e ll l in e ･ h n I C a n c e r R e s 8 5 .

I

8 6 - 9 2 , 1 9 9 4 .
7) H oj o H : E st a b li s h m e n t o f c u l t u r e d c e ll li n e s . f

h u m a n st o m a c h c a n c e r o ri gi n a n d t h ei r m o r -

p h o l o gi c a l c h a r a c t e ri s ti c s . N ii g a t a I g a k u k a i 2 b s sh i
9 1 : 7 3 7- 7 5 2 , 1 9 7 7(i n J a p a n e s e) .

8) M o s m a n n T : R a p i d c o l o ri m e t ri c a s s a y f o r c ell u l a r

g r o w th a n d s u r v i v a l : a p p li c a ti o n t o p r o lif e r a ti o n

a n d c yt o t o x i cit y a s s a y s . I I m m u n oI M e th o d s 6 5 : 5 51
6 3

,
1 9 8 3 .

9) C a r m i c h a el J , D e G r a ff W G
,
G a z d a r A F

,
M i n n a J D ,

M i t c h ell J B : E v a l u a ti o n o f a t e t r a z o li u m _b a s e d

s e m i a u t o m a t e d c o l o ri m e t ri c a s s a y : a s s e s s m e n t o f

c h e m o s e n siti v it y t e sti n g ･ C a n c e r R e s 4 7 : 9 3 61 9 4 2 ,
1 9 8 7 .

1 0) D ol b e a r e ド
,
G r a t z n e r H

,
P a ll a v i ci n i M G

,
G r a y J W :

F l o w c y t o m e t ri c m e a s u r e m e n t o f t o t a l D N A c o n t e n t

a n d i n c o r p o r a t e d b r o m o d e o x y u ri d in e . P r o c N a il

A c a d S ci U S A 8 0 : 5 5 7 31 5 5 7 7 , 1 9 8 3 .

l l) K ri s h a n A , G a n a p a th i R : L a s e r n o w c y t o m e t ri c
st u d i e s o n t h e i n t r a c ell u l a r a u o r e s c e n c e o f a n t h r a c y -

cli n e s . C a n c e r R e s 4 0 : 3 8 9 5- 3 9 0 0 , 1 9 8 0 .

1 2 ) H a m a d a H
,
T s u r u o T : F u n c ti o n al r o l e f o r th e 1 7 0-

t o 1 8 0- k D a g l y c o p r o t ei n s p e ci fi c t o d r u g - r e si st a n t

t u m o r c e ll s a s r e v e al e d b y m o n o c l o n a l

P r o c N a il A c a d S ci U S A 8 3 : 7 7 8 5- 7 7 8 9 ,
1 3) Ⅲ e i k e Y

,
S o m e S

,
Y a n ° S

,
S e m i y a H ,

O g u r a T : M -C S F g e n e t r a n s d u c ti o n i n

a n ti b o d i e s .

1 9 8 6 .

T s u r u o T
,

m u ltid r u g-
r e si st a n t h u m a n c a n c e r c e ll s t o e n h a n c e a n ti _ P -
gl y c o p r o t e i n a n tib o d y

-d e p e n d e n t m a c r o p h a g e
-

m e di a t e d c yt o t o x i cit y ･ I n t J C a n c e r 5 4 : 8 5 ト85 7
,

1 9 9 3 .

1 4) B a rl o g i e B , D r e w i n k o B
, J o h n s t o n D A , F r ei r e i c h E J :

T h e e ff e c t o f a d ri a m y c i n o n t h e c e ll c y c l e t r a v e r s e

o f a h u m a n l y m p h o i d c e ll li n e . C a n c e r R e s 3 6 : 1 9 7 5-

A d ri a m y c i n- R e si s t a n c e i n G a st ri c C a n c e r C ell s 1 6 7

1 9 7 9
,
1 9 7 6 .

1 5) S o r e n s o n C M
,
B a r r y M A

,
E a s t m a n A : A n a l y si s o f

e v e n t s a s s o c i a t e d w i th c ell c y cl e a r r e s t a t G 2 p h a s e

a n d c ell d e a th i n d u c e d b y ci s pl a ti n . I N a tl C a n c e r
l n s t 8 2 : 7 4 9 7 5 5

,
1 9 9 0 .

1 6) T a n a k a N , A i z a w a K
,
K a t a y a n a gi N , Y a b u s a k i H ,

S u z u k i T
,
T a n a k a 0 : M o d u l a ti o n o f ci s pl a ti n s e n si -

ti v i t y a n d r e si st a n c e b y b u t h i o n i n e s u l f o x i m i n e a n d

c y c l o s p o ri n A i n h u m a n e s o p h a g e a l c a n c e r c ell s . I n t

J O n c o1 9 : 9 3 5- 9 4 0 , 1 9 9 6 .

1 7) N o o t e r K
,
S t o t e r G : M ol e c u l a r m e c h a n i s m s ｡ f

m u l ti d r u g r e si st a n c e in c a n c e r c h e m o t h e r a p y . P a t h

R e s P 71 a Ct 1 9 2 : 7 6 8- 7 8 0 , 1 9 9 6 .

1 8) L a u ti e r D , C a n it r o t Y
,
D e el e y R G , C ol e S P C : M u lti _

d r u g r e si s t a n c e m e d i a t e d b y th e m u lti d r u g r e si s
-

t a n c e p r o t e in (M R P) g e n e . B i o c h e m P h a r m a c o 1 5 2 :

9 6 7- 9 7 7 , 1 9 9 6 .

1 9) L i n g V : M u l ti d r u g r e si st a n c e : m o l e c u l a r m e c h a _

n i s m s a n d c li n i c a l r el e v a n c e . C a n c e r C h e m o th e r
P h a r m a c o 1 4 0 (S u p pl) : S 3- S 8 , 1 9 9 7 .

2 0) T s u r u o T , Ii d a H , T s u k a g o s h i S , S a k u r ai Y : O v e r_
c o m l n g O f vi n c ri s ti n e r e si s t a n c e i n P 3 8 8 l e u k e m i a i n

u i u o a n d i n uit r o t h r o u gh e n h a n c e d c y t o t o x i c it y o f
v in c ri s ti n e a n d v in b l a sti n e b y v e r a p a mi l . C a n c e r
R e s 4 1 : 1 9 6 7- 1 9 7 2 , 1 9 8 1 .

2 1 ) G a n a p a th i R , (; r a b o w s k i D : E n h a n c e m e n t o f s e n si _

ti v it y t o a d ri a m y ci n i n r e si s t a n t P 3 8 8 l e u k e m i a b y
t h e c a l m o d u li n i n h i b it o r t ri8 u o p e r a z i n e . C a n c e r R e s
4 3 : 3 6 9 6- 3 6 9 9 , 1 9 8 3 .

2 2) A r c e ci R J : C li n i c a l si g n i丘c a n c e o f P- g l y c o p r o t ei n i n
m u lti d r u g r e si st a n c e m ali g n a n ci e s . B l o o d 8 1 : 2 2 1 5-
2 2 2 2

,
1 9 9 3 .

2 3) T w e n t y m a n P R : T r a n s p o rt p r o t e i n s i n d r u g r e si s -

t a n c e : bi o l o g y a n d a p p r o a c h e s t o ci r c u m v e n ti o n . ∫
I n t M e d 2 4 2 : 1 3 31 1 3 7 , 1 9 9 7 .

2 4 ) S i k i c B I , F i s h e r G A
,
L u m B L

,
Ⅲ a l s e y ∫, B e k e ti c-

O r e s k o v i c L
,
C h e n G : M o d u l a ti o n a n d p r e v e n ti o n o f

m u lti d r u g r e si st a n c e b y i n h ib it o r s o f P- g l y c o-
p r o t ei n ･ C a n c e r C h e m o t h e r P h a r m a c o 1 4 0 (S u p pl) :

S 1 3-S 1 9 , 1 9 9 7 .

2 5) B a r b a ri c s E
,
K r o n a u g e J F , C o h e n D , D a v i s o n A

,

J o n e s A G , C r o o p J M : C h a r a ct e ri z a ti o n o f P- g ly c o -

p r o t e i n t r a n s p o rt a n d in h ibi ti o n i n u i u o . C a n c e r R e s

5 8 : 2 7 6- 2 8 2 , 1 9 9 8 .




