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It was first reported here that verapamil (VP) and
electric beam radiation (EBR) were capable of inhibiting,
independently or synergically, clonogenic growth in two
kinds of K562 cell lines, adriamycin (ADM)-sensitive and
ADM-resistant (K562/S and K562/ADM). Results showed
that clonogenic rate (CGR) decreased by 3%-99.9% in the
presence of dependent dose-ADM (3.8 pg/ml) in K562/ADM
cell lines, while treated with 0.5uM—-6uM of VP. VP was
capable of potentiating radiosensitivity in K562/S and
K562/ADM cell lines, whether before or after exposure of
them to electric beam radiation, and significantly reduced
CGR in these kinds of cell lines (P<0.01).
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As a calcium channel blocker, verapamil (VP) has
been recently reported to not only inhibit proliferation of
human brain also potentiate
chemosensitivity of tumor cells to a lot of anticancer-
drugs.>*  Little has been known as yet about whether

tumor cells' but
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VP is capable of potentiating radiosensitivity of tumor
cells. Adriamycin resistant K562 cell line has been
recently established in our laboratory® which showed
cross-resistance to Cisplasin, Vincristin, 5-Fluorouraci
and Nitrocaphamn. And then, we studied the effect of
VP and electric beam radiation (EBR) on clonogenic
growth of ADM-sensitive K562 cell lines (K562/S) and
K562/ADM cell line by double layer agarose-culture
technique.

MATERIALS AND METHODS
Cell Lines

K562/S cell line, derived from human myelo-
genous leukemia, was obtained from Shanghai Institute
for Cell Biology. K562/ADM cell line selected by serial
passages in the presence of increasing concentration of
ADM after two years of drug exposure of K562/S cell
line, ADM resistant degree of which was 114.7-fold
higher than that of K562 cell line. These two kinds of
cell lines were incubated at 37°C in an atmosphere of
5% CO,.



Monolayer Cell Culture and Agent Exposure

K562/S- and K562/ADM cell lines grew in RPIM
medium 1640, supplemented with 15% fetal calf serum,
penicillin (100 U/ml) and streptomycin (100 pg/ml).
VP was obtained from Shanghai 10th Pharma-ceutical
Factory. K562/S and K562/ADM cell lines were
exposed to radiation. After various 50% clono-genic
inhibition concentration (IDs;) was obtained, K562/S
and K562/ADM cell lines were exposed to VP at 14 pM
and 3 uM respectively in the groups of expo-sure to
radiation.

Double Layer Agarous Culture and Agent Exposure

As previously described but with some modifi-
cations,® it was carried out 1 day after exposure of
suspension cells to radiation. In all 35 mmculture
dishes, bottom feeder layer contained agar, McCoy5A,
fetal calf serum and horse serum, and top layer, agar,
K562/S cell lines or K562/ADM cell lines (500
cells/dish), RPIM medium 1640 and horse serum. 14
UM and 3 uM of VP were added to top layers containing
K562/S or KS562/ADM cell lines
Incubation condition was the same as suspension cell as
mentioned above. At the end of the 15-day culture
period, colonies containing at least S0 cells were
counted under a binocular dissecting microscope.
Clonogenic rate (CGR) and clonogenic inhibition rate
(CIR) were defined as:

respectively.

mean number of colonies per dish

CGR= (%)

mean number of inoculated cell per dish

mean CGR of control groups - mean CGR of V-
treated or EBR-exposed group
CIR= (%)

mean CGR of control group

Each mean value of CGR or CIR was obtained
from repeated experiment for four times.

Radiation Exposure

Some groups of K562/S cell lines were exposed to
electric beam radiation (6 MeV Clinac 1800 Linear
Accelerator). After 50% clonogenic inhibition dose
(IDsp) was obtained, the other of K562/S and K562/
ADM cell lines were exposed to 6 MeV electric beam
radiation at 0.5 Gy (IDsj).

RESULTS

Inhibition of VP or EBR Alone on K562/S- and
K562/ADM Cell Lines

As illustrated in Figure 1, CGR reduced signifi-
cantly (P<0.05) in the K562/S and K562/ADM cell lines
after exposure of the cell lines to 3 Gy or allow 3 Gy of
EBR in a dose-dependent fashion, and decreased by
83.9% in the K562/ADM cell lines in the presence of
3.8 pg/ml, after exposure of the cell line to 0.5 Gy of
EBR.

As illustrated in Figure 2, clonogenic growth was
inhibited obviously by VP in the K562/S and K562/
ADM cell lines in a dose-dependent fashion. CGR
decreased by 1.3%—99.6% in the K562/S cell lines,
after treatment with 4uM—-100uM of VP (P<0.05) and
did by 1.3%~99.9% in the K562/ADM cell lines in the
presence of 3.8 ug/ml of ADM, after that of 0.5uM-6u
Mof VP.

Synergic Inhibition of VP and EBR on K562/S Cell
Lines

CGR decreased by 86.8% and 85.7% respectively
in the K562/S cell lines treated with 14 uM of VP before
exposure to radiation, compared with in that
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Fig. 1. Effect of EBR on clonogenic growth in K562/S

cell lines

pre-exposed to 0.5 Gy of EBR and in VP-free that and
CGR did by 73.7%, 73.9%. 71.5% and 71.9% respec-
tively in the K562/S cell lines pretreated with 14 pM of
VP before exposure to EBR or pre-exposed to 0.5 Gy of
EBR before treatment with VP, compared with that only
treated with 14 uM of VP and only exposed to 0.5 Gy of
EBR. There was no significance for CGR between VP
pretreated with and pre-exposed to EBR 562/ADM cell
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Fig. 2. Effect of VP on clonogenic growth in K562/S and

K562/ADM cell lines

lines (P>0.05) (Table 1).

Synergic Inhibition of VP and EBR on K562/ADM
Cell Lines

CGR decreased by 99.5%, 91%, 96.7%, 92.5%,
84.9% and 53.3% respectively in the K562/ADM cell
lines pretreated with 3 pM of VP or pre-exposed to 0.5
Gy of EBR in the presence of 3.8 pg/ml of ADM,
compared with VP-free and radiation-free that, and

treated that with 3 pM of VP or that exposed to 0.5 Gy
of EBR. )

Table 1. Effects of IDsp of VP and 0.5 Gy of EBR of CGR in K562/S- and K562/ADM cell lines

VP-free and Treatment Exposure Pretreatment with ~ Pre-exposure to

Cell lines EBR-free with VP to EBR VP prior to EBR .EBR prior to.VP
(%) (%) (%) (%) (%)
Ks62S S s4 8 23 6 6.5
K562/ADM 9.3 4.6 1.5 0.05 0.7

N

IDsp of VP was 14 uM and 3 uM respectively in K562/S and K562/ADM cell lines. 0.5 Gy was IDsp of EBR to K562/S cell line.
3.8 pg/ml of ADM were added to all groups of K562/ADM cell lines.
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DISCUSSION

The result suggested that EBR is capable of
potentiating significantly sensitivity of K562/ADM cell
lines to ADM, mechanism of which is likely to be
associated with P-glycoprotein acting as a molecular
pump that could extrude a wide variety of drugs
(including ADM)7  The P-glycoprotein has been
reported previously to express in K562/ADM cell lines
but not in K562 cell lines.® It is possible for EBR to
damage the P-glycoprotein or its expression.

As a calcium channel blocker, VP was capable of
potentiating sensitivity of K562/ADM cell lines to a
variety of anticancer-drugs,”* which was considered to
involve a mechanism that VP binded compactly P-
glycoprotein with those anticancer-drugs. But, besides
P-glycoprotein-mechanism, the sensitivity by VP also
involves cytotoxicity of itself from our findings, since it
is capable of inhibiting significantly clonogenic growth
in the K562/S cell lines while used alone. In this sense,
our findings shows consistence with Schmidt’s that VP
inhibited significantly proliferation of tumor cell from
human brain while used alone with lack effect of it on
calcium channel in the membrane of the tumor cells.

The result also suggests that VP is capable of
potentiating radiosensitivity in the K562/S and K562/
ADM cell lines, which is likely to involve a mecha-
nism in association with cytotoxicity of VP but not P-
glycoprotein, since it is possible for EBR to damage
P-glycoprotein or its expression as mentioned above so

that the Pglycoprotein-mechanism for VP does not
work.
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