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Multidrug resistance in leukemic cell line K562/A02

induced by doxorubicin'
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AIM: To study the mechanism of the develop-
ment of multidrug resistance in leukemic
cells. METHODS: A human leukemic cell
line K562/A02 was established by stepwise in-
crease of concentrations of doxorubicin (Dox)
in medium, P-glycoprotein was detected by
immunochistochemistry assay., The mdrl gene
expression was measured by RT-PCR. The
amplification of mdrl gene in its genome. and
DMNA topisomerase I (Top 1) gene expres-
sion were determined by dot-blot hybridiza-
RESULTS: K562/A02 was highly
cross-resistant 1o vincristine (VCR), homo-
harringtonin (HHT), amsacrine {m-AMSA),
daunorubicin (Dau) and etoposide (VP-16),
slightly to cytosine arabinoside (Ara-C). but
not cisplatin (Cis), methotrexate (MTX) and
fluorouracil (5-FU), showing a typical pheno-
type of MDR. Intracellular accumulation of
Dau in K562/A02 was 33 ¥ as high as that in
K562, P-glycoprotein P-170 was positive.
In K562/A02. the mdrl gene did not amplify,
the mdrl mRNA level was markedly higher,
the Top I mRNA level was lower. and glu-
tathione-S-transferase (GST ) activity was
higher than in K562, CONCLUSION: mdr]
mRNA was overexpression and thus the en-
coded P-170 was responsible for MDR in
K562/A02 while Top I or GST may play a
role in MDR.
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The anticancer drug resistance iz often
associated with cross-resistance to multiple,
structurally diverse agents, This phenotype
of drug resistance is known as multidrug re-
sistance (MDR) and is the main cause of the
MDR may be related
to mdr 1 gene expression » DNA topaiso -
merase 1 (Top 1 ). glutathione-S-trans-
ferase (GSTY. DNA repair, etc®~ . 1In an
attempt 1o understand the development of
MDR., we established a MDR leukemic cell
line K562/A02 induced by step-wise increase
of concentrations of doxorubicin (Idox) in cell

chemotherapy failure.

culture medium. The profile of cross-resist-
ance for K5362/A02 to other cyrotoxic agents,
intracellular concentrations of the agents,
mdr] gene expression. Top I mRNA level,
the activities of GST in K562/A02 as well as

in K562 were studied.
MATERIALS AND METHODS

Materjals RPMI-1640 was from Gibco; new-
born calf serum was from Tianjin Biochemistry Facto-
ry: Dox and daunorubicin ¢(Dau? from Farmitalia Car-
loerbaltd, ltaly ; homoharringtonin (HHT) from Insti-
tute of Materia Medica, Chinese Academy of Medical
Sciences; amsacrine (m-AMSA} from Hospital 307,
Beuing; etoposide (VP-16) from Beijing Pharmaceuti-
cal Factory; vineristine tVCRY from Mingshen Phar-
maceutical Factory: Fluorouracil (5-FU? from Shanxi
Pharmaceutical Factory;: cisplatin (Cis) from Shan-
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dong Pharmaceutical Factory; methotrezate (MTX)
from Shanghai 12th Pharmaceurical Factory; cyrosine
arabinoside (Ara-C) from Expernimental Pharmaceuti-
cal Factory. Beijing Medical University; Monoclonal
aptibody JSB-1 {from Sanbio Ca, Holland: ['H_ TdR
fromn Beijing [ostitute of Atom Energy; verapamil
t¥erJ {rom Shanxi Fenghe Pharmaceutical Factory;
M-MLY reverse transcriprase from Gibro; Taq Poly-
merase from Institute of Basic Medicine, CAMS;
mdr 2 from American Type Culture Collection
pHaMDE1/A and PC15 were the gilts from Dr
Michael M GOTTESMAN (NIH) and Dr Lercy F
LIU (Johns Hopkins University), respectively.

Resistant leukemia cell line K562/A02 Cell line
K562 was incubated in RPMIE-1640 medium containing
20 %% rew-born calf serum and a sublethal concentra-
tion of Dox. By stepwise increasing the concentra-
ticns of Dox in the medium the cells became resistant
1o the inducer and then were selected with limited dilu-
tion. The selected cell line K562/A02 was incubated
in thbe medium cootaining Dox 200 pg L™ for more
than 60 passages and maintained the resistant charac-
teristics in the medium without Dox for two months.

Inhibition of cell growth Using the [*"H]TdR in-
corporation method the IC;, concentrations required for
50 %% inhibition of cell growth for 72 h were measured
for the lollowing drugs: Dox, Dauw. HHT. VCR.
m-AMSA, VP-16. Ara-C. 5-FU. MTX, and Cis.
The ratic of ICs, between the resistant cell line K562/
A02 and the cell line K562 is designated as “resistance
fold. ” !

Detection of P-glycoproteln P-17¢ Using indi-
rect immunofluorescence assay and immunohis-
tochemistry method with monoclonal antibody JSB-1
directed against P-glycaprotein P-170 as our previous
report-'',

Determination of intracelluiar concentrations of
Using HPLC®’', A Accumulation. K562
and K562/A02 grew in medium containing Dau 2 pmol

drogs

L™ and to the medium Cy-A or Ver was added at 90
After K562 and K3562/A02
grew in the above condition for 30 min. the cells were
washed with cold PBS three times at 4 ¢ and then
maintained in medium without drug.

min. B Retention.

The intracellu-
lar concentrations of Dae were measured at different
intervals,

Amplification and transcription of mdri and

mdr2 genes Fragments 3.0 kulobases (kb and 4.0
kb from mdrl and mdr2 cDNA, respectively. digested
by EcoRI were used as probes for dot blot hybridiza-
tian &', Genomic DNA was loaded on NC memhbrane ,
hybrided with [« ‘PJ-lahelled probe and then radio-
phatographed. The ratio of areas of K562/A02 1o
K562 was determined with CS-9000 dual-wavelength
Hiving-spot scanning densitometer.  Total RMA was
extracted by AGPC method™ and was reversely tran-
scripted into ¢eDNA.  The product was amplified by
RT-PCR. ‘
Expression of Top | geme Fragment 1.8 kb
trom pC15 digested by EcoRI was used as probe for
dot bler hybridization™. Total RNA was loaded on
NC membrane, hybrided with [e-¥pJl-fabelled probe
and then radiophorographed. The ratio of areas of
K562/A02 to K562 was determined with CS-9000
dual-wavelength {lying-spor scanning densitomerer.
Activity of GST The GST activities were decer-

mned®,

RESULTS

Multidrug resistance for K562/A02
K362/A02 was highly cross-resistant to the
MDR drugs such as VCR, HHT. VP-18.
m-AMSA, and Dau: slightly to Ara-C besides
Dox; but not resistant to non-MDR drugs
such as Cis. 5-FU, and MTX . showing a
classical phenotype of MDR (Tab 1).

Tab 1. Responses of K562 and K562/A02 to antl-
cancer drugs. ¥+s. ‘P08 05. “P<(. OL.

Drugs [Coo /g L1 Resistance
Ks5g2 K562/A02 fold
VCR 154+0.7 75001820 500°
Dox 5.1£0.9 800450 164°
HHT 3.3—0.4 390140 130°
m-AMSA 13102 9210 71"
Dau 15+0.5 7101340 47°
VP-15 92+1.1 5704 80 7
Ara-C 2.3=0.5 1043 5°
CPDD 1 160+ 39 1 300L£70 1.12*
MTX 5.2E£0.6 it1 0. 6*
5-FU 2090140 1 1604640 0. 55°

Intracellular drug concentration in K562/
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AD2 with or without Ver or Cy-A  Intracello-
lar concentration of Dau in K562/A02 was
about 33 ¥ as high as that in K562 in accumu-
Both Ver
and Cy-A enhanced the intracellular accumula-
tion of drug in K562/A02 by 1. 38- and 2-fold,

respectively , but did not work on K562.

lation and about 50 % in retention,

Cy-A also increased the intracellular concen-

tration of drug retention by 1-fold (Fig 1}.
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Fig 1. Intracellular concentration of daumorubicin
(Dau) in K562 and K562/A02 growing in medium con-
taining Dau 2 umol L™'. addition of Cy-A or Ver at 90
min.

Amplification of mdrl gene By the dot
blot hybridization the number of copy for
mdrl gene in K562/A02 was almost the same
as that in K362. showing little amplification
{Fig 2.

Transcription of mdr] gene By RT-PCR
the mdr] mRNA was detected in K562/A02
but not wn K562, indicating cverexpression of
mdrl gene transcription in development of
MDR (Fig 3).

Expression of P-glycoprotein P-170
K562/A02 showed a strong positive staining.

3 2 1 .
. . [ ] £ 56%
, ® & oax

5 4

Fig 2.
DNA.
37 K562 DNA 4 pg.
5) K562/A02 DNA 2 ug.

Dot hybridization analysis for mdrl gemomic
1) K562 DNA 1ug. 27 K562 DNA 2 pg.
4) K562/A02 DNA 1 pg.

6) K562/A02 DNA 4 pg.

Fig 3.

Assay of mdrl gepe expresslon in KS62/A02
and K562 cell lines by RT-PCR. 1) marker.

2) mdrl cDNA.
§) Ks62.

3> mdr2 cDNA. 4) K562/A02.

but K562 showed a negative staining. This is
consistent with the result of RT-PCR.

Top I gene expression The level of Top
[ in K562/A02 was only 37.7 % as high as
that in K562 by dot blot analysis (Fig 4.

GST activity The activities of GST were
372423 pmol L™ min~'/10" K562/A02 cells
and 175+ 9 pmol L™ min"'/10" K562 cells,
respectively (P<0. 05},
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1) K562 RNA 1 pg. 2> K562 RNA 2 ug.
4) K562/A02 RNA 1 ng.
6) K562/A02 RNA 4 ug-

pression.
3} K562 RNA 4 pg.
5) K562/A02 RNA 2 ug.

DISCUSSION

The leukemic cell line K562/A02 induced
by Dox showed cross-resistant to multiple.
structurally diverse agents, such as Dau.
HHT., VCR. VP-16 and sm-AMSA. but still
sensitive to Cis. 5-FU and MTX., being a typ-
ical phenotype of MDR. Our studies showed
that P-glycoprotein P-170, an integral mem-
brane protein, was accepted as an energy-
dependent efflux pump and its level correlated
with the decrease in accumulation of drug in
the celis®'.

The overexpression of md:rl gene showed
high transcription instead of amplification and
the encoded P-glycoprotein was detected in
K562/A02, but not mn wild cell line K562.
The resistant characteristics of K562/A02
were consistent with those of human resistant
tumor cells in patients. The reversal of MDR
was performed by MDR-modulators, Ver and
Cy-A . but the levels of the highest tolerated
doses of Ver were below the optimal drug con-
centration used ir vitre for MDR reversal.
Therefore we used Cy-A as P-glycoprotein
modulator in MDR 1eversal in a patient with
complete

refractory leukemia resuliing in

remission™.

A second form of MDR, a typical MDR,
is associated with drugs that interfere with
Top 1 expression/activity. In this study.
Dox. Dau., m-AMSA and VP-16 exert their
cytotoxic effects by formation of a stable

ternary complex. This interaction is believed
to stabilize the DNA-Top I -cleavable com-
plex., potentiating DNA damage — a process
that interferes with replication and transcrip-
tion. and leads ultimately to cell death. The
fact that the Top I mRNA in K562/A02 was
lower than in K562 suggested that Top I
might play a role in MDR. GST functions as
a detoxicant in cells. The increased activity
in K562/A02 compared with that in K562 also
suggested that the increase in GST activity
might make some contributions 10 MDR
mechanism.

The above results suggested that mecha-
nisms of MDR might involve (1) mdrl gene
overexpression in transcription and the encod-
ed P-glycoprotein responsible for the decrease
in intracellular concentration of drug; (2) the
lower level of the target enzyme Top 1 ; (3)
the increase in G8T activity and {4) other un-
explored factors.

The MDR mechanisms in K562/A02
showed an 5035 for the cells against cyto-
toxic agents.

REFERENCES

1 Yeng CZ. Multidrug resistance 1 tumer.
Chin ] Hemarel 1980, 11: 161 —2.

2 Karo S, ldeguchi H, Muta K, Mishimura J. Mawata H.
Mechanisms involved in the development of adriamygin
resistance in human teukemic cells.

Leuk Res 1590; 14: 567—73.

3 Minato K. Kanzawa F. Mishio K, Makagawa K, Fujiwara
Y, Sauo M.
human smatl-cell lung cancer cetl line.

Cancer Chemother Pharmacal 1980, 26. 313—7.

4 Yang CZ, Luan FJ, Liu BR, Liu RL, Q1 J, Bian SG, e
al. Derection of multidrug resistance in leukemia.
Chin 1 Hernaral 1992, 13, 421—2.

5 MaJG, Yang CZ. L1 Z, LiB, LmRL, @1 ], et af. De-
termumation of mntracellular daunomyein in leukemia cells.
Chin J Pharm Anal 1992; 12, 9—12.

6 Sambrook J, Fritsch EF, Manuatis T. Molecular
clomng.  2nd ed.  MNew York: Cold Spring Harbor Labo-
ratory Press, 1989, 7—54.

Cheracterization of an etoposide-resistant


http://www.cqvip.com

BIBLID, ISSN U253-9756  Acta Pharmacologica Simica T EHEFHE 1595 Juls 16 14) * 337 -

7 Lm BR. Xicng DS, Yang T4, Dretecoion of mdrl genes e P-¥ EAAFEE. RT-PCR #: @l &
expee~sion M drug resisrant leukemia r:;ll ]me; Hf;[l';ff mdrl E =k, SR ilE B & mdrl
ADM by RT- PCR.  Acta Oncol Sin 1893, 3. 36— 40. )

: C. o ' DNA f# R B 1 (Top 1) EE %3k,

& Warhaolm M. Guthenberg €. von Bahr €. Mannervik BE.

Glutathian rransierase trom human liver. CDNB %?E?ﬁ‘] %@HH‘ M'S‘E%E{GST 3 iﬁ'ﬁ-
Methods Enzymol 1985, 113; 499 — 504, %% KSBZ-"ADZ]@' Dox. HHT. Dau. VCR.

9 Luan FJ, Yang CZ. Shac XH. Liu BR. Liu RL, T1 B. e '
al, Detection and analysis of multidrueg resistance in 100 m-AMSA VP_lGE‘EEE E‘Jﬁﬂiﬁyj HE 4 ﬁﬁ
cases of acute leukerma. ? "7 1# Ara C méﬁﬁgﬁ . 31571:"[_)’\ Cis #1 MTX W:
Chin ] Oncol 1954, 16, 360—3, flm%. ﬁﬂﬂjﬁ.ﬂm%ﬁiﬁ%ﬁﬂ

5;;‘ i K562/A02 # H K562

FIRRESHA A MBMIRER Ks62/A025 5 562/A02 4 ML 1N 254 B B KT 4
et g, P-170 P ¥E ] 35, K562/A02 4§ B
o /7\57)7‘ / MDRI1EFE#E NP5 K32 LE R . {2 mdrl

RIS (FREFHERTDNENRE LEE  goor GST gyiEr .

AR, K 300020, A1) SE . LR IR B 25 2 e WL S mdr] 3

/J[En'g: WF4T & A5 AR 2 25T 25 & £ ay vl . 2GR FEWHER, By Top I #IGST H%.
HE. HES SR RS R (Do KIE
B, B E 50 Dox AL MRERE  2@i0 HAE; S0 Ksez, BE LK,
K562/A02. W [H]TdR & A M5 1C. DNA Wi 57 1 B5: & B0 Ik & B B X%,
HPLC S ANk, GEEsLse  MES: HWEs

BIBLID; ISSN (353-9736 Acta Pharmacologica Sinuca  + B 8% ¥ 41 1985 Jul, 26 (43 237— 340

Effects of Rehmannia glutinesa polysaccharide b on T-lymphocytes
in mice bearing sarcoma 180

CHEN Li-Zhen, FENG Xing-Wan, ZHOU lin-Huang (Institute of Phurmacology and
Tozicology Academy of Military Medical Science. Beijing 100850, Ching)

AIM: To study immuno-antitumor action IL-2 secretion, cytotoxic T-lymphocyte
mechanism of RGP-b. RGP-b (¢ RBehmannia (CTL) activities and L3744, Iyt-24+ T-lym-
glutinosa polysaccaride b) is a new component phocyte subset in mice bearing S180 were ob-
1solated from the herb, had an everage molec- served. RESULTS: RGP-b 10 or 20 mg kg™*
ular mass of 160 kDDa and 5 kinds of monosac- ip obviously attenuared the decrease of CTL
charides as acid-splitting products. Its HPLC cytotoxity caused by excessive tumor growth
showed a main sharp peak at 162 kDa. on d 9 after the administration, but only part-

METHODS: The kinetic effects of RGP-b on ly ameliorated the descent of IL-2, Its effect

] on byt-2+ subset was quite parallel with th
Keceived 1993-08-31 Accepted 1984-11-10 o 9 b € at


http://www.cqvip.com

