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AIM: To study the mechanism of resistance ta
apoptosis in the harringtonine {Har }-resistant HL60
cells with tetrandrine {Tet). METHODS: Growth
inhibition, flow cytometry, DNA agarose gel
electrophoresis, protein phosphaorylation. and RNA
dat hybridization. RESULTS: The resistant cells
had no cross resistance to Tet. Tet induced the
sensitive but not the Har-resistant HLED cells io
apoptosis. The high phosphorylation of protein
<30 kDa occurred when the resistant cells were
treated with Tet. Tet and Har increased the
expression of c-myc MRNA in the sensitive HLB0
cells. The expression of c-myc mRNA in the
resistant cells was obviously decreased and almost
not changed in tireatment with Tet and Har.
CONCLUSION: Tet induced the sensitive but not
the Har-resistant HLE0 cells to apoptosis. and the
resistance to apoptosis induced by Tet was
associated with the high protein phosphorylation
and reduction of the expression of c-myc mRNA.

Apoptosis differs from necrosis by chromatin

condensation and blebbed into “Apo body.”™ Many

antitumor drugs cause tumor cells. to apoptosis“] .

Harringtonine (Har), an antitumor drug, induced
human leukemia HL60 cells to apoptosis??, but the

Har-resistant HL60 cells treated with Har 80 mg
+L™! for 48 h were not induced to apoptosis'®.

The non-growth-inhibitery  concentrations  of

tetrarndrine { Tet) abolished the drug resistance to

4]

doxorubicin in Chinese hamster ovary cells'™ and
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the Har-resistant HL60 cells!®) .  The Har resistant
HL60 cells had mo cross resistance o Tet. So we
wanted to study the mechamsm of the resistance to
apoptosis with Tet in the Har-resistant HL60 cells.

MATERIALS AND METHODS

Drugs and cell calture Tet produced by Zhejiang Jinhva
Pharmaceuticat Factory, was dissolved in HCL 1 mat- L7,
sdjusted pH to 6.7 with NaOH and added PBS bulfer to a
final conrentration of 1 g+ L™!'. Har wes purchased from
Beijjing Union Pharmaceutical Factory and made up inte a
solution of 1 gL~ ' with PBS buffer. Both drugs were stored
at —20 . Human leukemta HLBHUD cells and HT12 cells
{Har-reststant HLG0 cells established by us) were cultured n
RPMI1 1640 medium concrining 10 % bovine serum with
US % air + 5% OOy at 37 C. The [v"PJATP and
[«-*P]dCTP were purchased from Yahui Bicmedical
Engineering Company {Beijing}.

Inhibition of cell growth The 4 = 107 cells/well were
seeded on a 24-well plate. The cells were stained with
trypan-blue alter adding the drugs for 12, 24, 48 h, and non-
stained cells were counted with a bemocytometer.  The
results were indicated with average cell numbers measured in 3
EXPETHMEN(s.

Observation of chromatin condensation  [uring the
apoptosis. cellular chromacin was condensed and divided nro
several parts, but the cell membrane permeahility remained
unchanged. The condensed chramarin parts cuntaining some
cytoplasm which appeared as “dots” under a flunrescence
TicToseope. were called “ Apo bodies.” The rells which kept
the intact permesability of cell membrane were statped by
Heechst 33342 and excluded to be stained by propidium odide
(P1). The dead cells were stained by Pl because they lost
the cell membrane permeability. Using both Hoechst 33342
and Pl dyes. the apoptosis was detected under a fluorescence
microscope. The cells not stained by Pl were indicative for
apoptosis. because the necrotic cells lost the cell membrane
permeahility.

After the cells were stained with Hoechst 33342 {Sigma}
10 pmol-L ™" and PT {Sigma} 60 mg-L~" for 0.5 h, they
were washed twice with PBS buffer. The states of condensed
chromattn were observed under a fluorescence micruscope and

taken microphotograph. and the cells not stained by PL were
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counted at the same time.

Detection of apoptosis by flow cylomeiry Having been
treated with the drugs for 6 k, the cells were processed and
detected™? .

than rhose of the whole cells, amd the peak lawer than the (5

The DNA cuntents of “Apn bixlies” were Inwer

peak, was called “Apo peak.”

Exiraction of cellular DNA
isolated'®.  The DNA concentratinns were determined by
UV specrrophotometer Beckman DUS0O. DMNA 5 pg per
sample was loaded inte 1.2 % agarnse gel and electrophaoresis
was carried ont in TAE buffer { T'ris acetare 0.04 mal-L""'.
edetic acid 0,001 molL "' at 35 Vfor 2— 3 b.  DNA ladders
were taken photographs under an UV light.

Protein phosphorylation in vitre The cells treated with
the drugs for 4.3 h were washed with PBS buffer and
suspended 11 M buffer conraimng Tris« HCL 20 mmoal- L~ pH
7.5, egtazic acid 5 mmol + 7', 1 % Triton X-100,
phenylmethylsulfonyl flnoride 1 mmol-1.7 ", and dithjothreitol

Cellular DMNA  was

L mmol+L™'. The cells were broken down by supersomica-
tion and the lysates were centrifuged at 12 000 » g for 20
min. The supematants were used for phosphorylated
reaction. The protein concentrations were determined by
Coomassie hrillant blue merhod-™ with bovine serum albumin
as a standard.  Aliquors of 20 L reacrion system containing
Tris- HCl 20 mmol - L7 pH 7.5, MgCL 20 mmel » L7%,
MnCl .2 mmol* L', [»*PJATP 185 kBq and protein
100 pg were incubared at room temperature for 30 oun.  The
reaction was stwopped by adding two-fold loading bnffer.
After incubation at 100 T for 3 miin, the samples were loaded
mto a SDS-polyacrylamide gel composed of 10 % separated
gel. The electrophoresis was performed at 80 V for 6 h and
the gel was antoradiographed with g-film ar — 70 U for 24 -
48 h.

Extraction of (otal cellular RNA and Dot blot
hybridization The wtal RNA was isolared'®-.  The
nitrocellulose memhbrane was dotted with RNA 1, 5, 20 ug
and hybridized with c- s gene prohe (2.2 kh) lghelled hy
randomt primer method { Promega) with [a-*P1dCTP 1.85

MBq. and aurcradiographed' o,
RESULTS

Growth inbibition The sensitive HL60 cells
and HT12 cells were all dead after they were treated
with Tet 20 mg*L "' for 24 h. The Tet inhibitory
action was more apparent in HT12 cells than in
HL60 cells.  All the HT12 cells were stasined with
trypan blue after the cells were treated with Tet 5
mg-L™! for 24 h, but HL60 cells remained 23 %
not stained in treatment with Tet 5 mg 1. (Fig 1).

10~ %% Cell numbers

Time/h

Fig 1. Growth-inhibitory aclions of ietrandrine on HL6O}
and HT12 cells. =9, ¥ 5.

Detection of apoptoesis by flow cytometry A
typical “Apa peak™ was detected after HL60 cells
were treated with Tet 20, 15, 10 mg-L~" for 6 h,
respectively. The similar histograms were observed
after HL60 cells were treated with Tet 20 mg- .71
or Har 0.1 mg-L™!. *“Apo peak” was nor detecled
when HT12 cells were treated with Tet 20, 10, 5
mg- L ! and Har 40 mg-L™'. But, the shght
increment of 5 phase cells was ohserved in HT12
cells treated with Tet 20 mg' L~ '(Fig 2).

When Tet induced
HL60 cells to apoptosis, condensed chromatin states

Cbromatin condensation

were similar with those by Har, forming “dotted”
chromatin, and then dividing intc “ Apc hodies. "
However, the time of forming the “Apo bodies” in
HL60 cells indured by Tet was longer than that by
Har for the condensed chromatin cells were not
observed after HL6U cells were incubated with Tet
20 mg-L " for 4 h. HTI2 cells did not occur
chromatin condensation after the treatment with Tet
or Har for 6 h {Fig 3). The cells not stained hy PI
were >>95 % in the control groups and >90 % in
the drug groups.

DNA agarose gel electrophoresis  Afier HLG0
cells were treated with Tet 20, 15, and 10 mg-L™"
for 6 h, typical DNA ladder bands were seen the
DNA ladder
bands did not appear whenever HT12 cells were

same as those by Har 0.1 mg-L71.
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Fig2. Detection of apopiotic cells by flow cytometry. Drugs/mg-1.77.
Control Tet 20 mg-L~! Har 0.1 mg-L7!
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Fig 3. Nuclear morphological changes of HL60 and HT12 cells treated by tetrandrine and harringtonine .

Cells were stained with Hoechst 33342 and propidiom iodide.

treated with Tet and Har (Fig 4).
Protein phosphorylation
protein phosphorylation showed no changes after
HL60 cells were treated with Tet 20 mg*L ™' or Har
0.1 mg:L™ 'for 4.5 h. Protein 110 — 130 kDa was
highly phosphorylated in HT12 cells, and another
<30 kDa

The patterns of

highly phosphorylated protein was

x 600.

observed, which was more apparent in treatment
with Tet 20 mg*L~'(Fig 5).

Expression of c-myc mRNA  The expression
of c-myxw mRNA was increased after HL60 cells
were incubated with Tet 20 mg-L ™' and Har 0.1
mg-L"* for 3.5 h in contrast with control. The
expression of c-myc mRNA was redouced in HT12

U e
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Fig 4. Agaruse electrophoresis of cellular DNA. HL6G0 cells 1) control; 2} Tet 10 mg-L™"; 3) Tet 15 mg-L™"'; 4) Tet 20 mg
‘L™!; 5} Har 0.1 mg-L™'; 6) DNA marker, » DNA phage/Hind Il . HTI2 cells 1) controls 2) Tet 2.5 mg-L™"': 3) Tet 5
mg-L™%; &) Tet 10 mg-L.7"; 5) Tet 20 mg L™ '; 6) Har 40 mg-L™': 7) DNA marker, & phage DNA-Hind [ -

Fig 5. Protein phosphorylation of HL6O and HT12 cells
treated with tetrandrine and harringtonine.  Antoradio-
graphs of the proteins separated by SDS-PAGE. 1) HL60
cells. control; 2) HL60 cells + Tet 20 mg-L~"; 3) HL60
cells+ Har 0.1 mg-L™%; 4) HT12 cells, control; 5) HTI2
cells + Tet 20 mg-L.™'; 6) HT12 cells + Har 40 mg-L™',

cells, had no change after HT12 cells were treated
with Tet 20 mg-L ™! for 3.5 h. and was slightly
increased by Har 40 mg-L ™ !{Fig 6).
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Fig 6. Expression of cellular c-#yc mRNA from HL60 and
HT12 cells treated by tetrandrine and harringtonine. Total
RNA was dotted on the nitrocellolose filter and hybridized
with c-myc probe for 24 h and antoradiographed. 1) HL60
cells, conirol; 2} HL60 cells + Tet 20 mg-L~1; 3) HL60O
cells+ Har 0.1 mg-L""; 4) HT12 cells. control; 5) HT12
cells + Tet 20 mg-L™": 6} HTI2 cells + Har 40 mg-L™'.

DISCUSSION

Tet induced apoptosis in the sensitive HLG0
but not in the Har-resistant HL6O cells.
When HL6O cells were induced to apoptosis by Tet

cells,

and Har, expression of c-myc mRNA increased,

in accordance with the results{!%).

which was
Reduction of the expression of c-myc mRNA in the
HL60 cells may be one of the

mechanisms of the resistance to apoptosis.

Har-resistant

Protein phosphorylation is associated with

apoptosis.  The phosphorylation of tyrosine protein

kinase increased in the course of human B-
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lymphocyte precursors, FL-12 cells, and Nalm-6

() However,

cells ta apoptosis, triggered by ¥-ray
when y-ray and heat shock aroused B-cell lvmphoma
line, BM 13674 cells and T-cell leuvkemia line, as
well as CEM-C7 cells to apoptosis, it was necessary
to dephosphorylate some proteins, and prevention of
apoptasis was through inhibition of dephosphoryla-
inhibitor

tion by okadaic acid, an

[121_

of phos-
phatase In our experiment, the highly phos-
phorylated proteins 110 — 130 kDa and about 30 kDa
HL60 cells,
which is likely to be related to the resistance to

were observed in the Har-resistant

apoptosis. ln this paper we demonstrated that Tet
arpused a typical apoptosis in the sensitive HL60
cells, but not in the Har-resistant HLAD cells. The
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Protein or RNA  synthems mhibicon  induces

(EHEmMHEREED R, X 100875;

THEYERRREUBEHFRLS, L 100700, T H)

*BW WREBT, BPBOH; R EiEREE:
B IS HLE0; c-myc BB ; HZ5E; HEs

{4 E8G: T W (Tet) B 5 = R 42 BE W (Har )

B HLEO tRAEHL A MR B T oAl sl A& £ KD
., mAHEBAK. DNA B HB*k. EaRHEL
HMRNA RFEX BF: REREN Tet REEXR
miE, Tet FF H60 HELZE AT, EXHFS
mAEEEZERT. Tet3|lERIEHMEMETF 30
kDaPIEARSHEBEIL. Tet M Har S HLGO
A c-myc mMRNA Rkt g, MPITEHIE c-myve
mANA RZAEEE, A4 2R THHTHE.
Zit: Tet FRHBWIMA R Har 8 HLE0 SR AR
EERT, BT TIRNEESRE EHE
. H c-myc MRNA RIEEERX.
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