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A study of the [Ca™] and the Apoptosis of the KB Cell Lines
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Purpose: Ionizing radiations have been reported as an apoptosis initiating stimulus in various
cells and it has established that sustained elevations in (Ca*'] can lead to DNA fragmentation by
Ca’’-dependent endonucleases, ultimately resulting in apoptotic cell death. The previous
experiments have been reported by using primarily thymocytes and lymphocytes and the change of
[Ca*") was measured only by minutes or hours respectively. We need to evaluate [Ca®*) in both
several minutes and hours after irradiation of radiation of radiation therapy and verify the
apoptotic cells.

Materials and Methods: We have measured (Ca**) in human gingival epitheloid cancer cell with
10 Gy irradiation, at minutely intervals and hourly intervals using digitized video-intensified
fluorescence microscopy and the fluorescent Ca®* indicator dye, fura-2. In order to find out that the
transient rise in (Ca®*] could induced apoptosis, cells were incubated for 1 hour at 37C with TdT
enzyme, rinsed and resuspended containing fluorescence and observed under a confocal
fluorescence microscope. MTT assay was done to determine cell activity and LDH assay was done
to determine the amount of necrotic cells.

Results: After irradiation, the transient and temporal increasing of (Ca®’) in the KB cells was
founded. Though, there was no change in the intracellular {Ca®*] at 30 minutes and 2 hours after
irradiation. We could detect of DNA fragmented cells at 4 hours after 10 Gy irradiated cells. There
were no significant differences between 4 hour, 1 day. 3 day cells. There were no significant
differences in MTT and LDH assay between the irradiated group and the control group after 4
hours and 1 day. Though after 3 days there were differences in MTT and LDH assay between the
irradiated group was significantly decreased than the control group, in LDH assay the number of
necrotic cell death of the irradiated was higher than the control group.

Conclusion: In KB cells there were incipient and temporal increasing of the [Ca®*] with 10 Gy
irradiation and the apoptosis was founded from 4 hours later which was earlier than seeing of the
change of the amount of the cellular ability and necrosis.(J Korean Oral Maxillofac Radiol
1999:29:105-117)
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1. NI I NIEZHESS

AEFE FTAETFLYAA EF EL
ATCC No. CCL1T(KB cells)l FH3]4EA]
¥FE AT o] AlEE w8r] ZIAH
A FH3eE F4& 2a oy wxe
Dulbecco s Modified Eagle s Media(DMEM,
Gibco, USA)ell Fetal Bovine Serum(Gibco,
USA) 10%9} Penicillin-Streptomycin 1%&
718l AHEE2™ 100 mm dishe] wi-&
71& AHEsi T M XEujedrlels 5% CO, 2
37°C 2712wkt

2. HARMTAL

AER Zgolel = 32 939 100
mm dishollA ¥dd KB AEE trypsin® &
A2t 7 NEZ £33 3 10 ml tubeol]
A 2 mM¢e] Fura-2 AM(Sigma, USA)2.& 4l
204 40 #7F wleksle] Fura-22 loadingsls
kg o g Rt Fura-27} loading®
Aol YRS M3l Cs-137 HAMIZAW]
(IBL 437C, USA)Z AL014 5 38 Gy/min®]
AFE2 10 GyE G 28I

3. NZLH 280/20| s¢=5

WA o) ZAME Fura22 loading® Al £2
238714 g1 93 3dn A (inverse
fluorescence microscope) dHollAl =% 4t Al
EE A9, diiEe F4xe] HilE 9
v] 334 %A (microscope photometer, Model
D10413, PTI, Canada)& 43l Z4o] 4
=02 @ 340 nmelA 7] (excitation) 3}t
AFRHE 24T 1 380 nmolA dd71gng
Lo/l P18 2 65 ke AFE 2 B4
Fom HAPAZAL 3 & FHE 10 B2 #Es)
330 ¥ 39 2 Az 3o AnE #EE
ZEsEE AN SRy 9
DMEMel 2 mM¢] CaCl28 H7lsle] A3

At

HzEE 598 Bgoz Zeol2y &
2 23500 39 d2ed 487 8%
T3] fAdE Zol7l UEAE test2
ARt

4. apoptosis 2A}

apoptosis #& A3t AEE 1-well
chamber slide(Nunc, USA)9lA ksl on
WAMAZAL H3 4 AZE 1 d 23U Fo
Apoptag(Oncor, USA)¥ ©]&3+ TUNEL
(terminal deoxynucleotidyle transferase
mediated dUTP nick end labeling) assay®
At ArpRiaa ke £El=2E 10%
F4 22EA8QA 10 ¥+ 23313 100%
etE 2 5 ¥4 33|, 90%, 80%, 70% olet+e
2 7zt 5 B3 1 34 s A2dA
proteinase K2 15 £33 Ag|sled DNAS
naking A713 F/FFE FA F A294
equilibration buffer2 AP, TAT
(terminal deoxynucleotidyl transferase) &2
£ 93 37 °CellA 1 AI7HESE vkl E4d
olZUA DNA9l dNTP(deoxynucleotide
triphosphate) & F3A1A ¢4 & J3HE4
HE Hrkst A-&elA 30 E3F sl 33
< FAAR) & Pl(propidium iodide) 2 G443}
o 28 EQ} v ES T F2F A F
A& n 4 (BIO-Rad, MRC1024)% ©]&3lq
DNATA & R8I th ARS-gH Z24 o] AT
AFER) 7L Ag-ol2 ol o] A=A 15 mW
£ o]83l¥ o 488 nmollM o718kt 100
2 gk st slulel Felol=z P
Aol 2 47]9] sl S sl PIE FAE A
HARES 7 FBE Y AEFe) ¥ sl
DNA 24§ HolFE A¥9 %& 2389t

5. MTT 2AME 0188t NZZNT ZA}

MTT(3-{4,5-dimethylthiazol2-y1]-2,5-
diphenyl tetrazolium bromide) £41-2 13} &
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FAZE o] &3l 96 well-disholl 1.5x10° 712
AEE ZUaA 9§ 1 Y sl WA
ZALANZE, 1Y, 3¢ 3o AE IS 2
AteRAl e ti2EF vwsich MTT &9
(Sigma, USA)E TE°] 7} wellol] 50 ©UE 4
AL 4 A7 F AAZ H formazon 232 4304]
7171 918l dimethyl sulfoxide(DMSO)E &Y
g oz gol F9th. ELISA reader(Bio-
tech, Instruments Inc. Model EL 308, USA)
2 AEIYEE 33 550 nmollA E kAt

6. LDH 24

4 well disholl 5x10° 7]2] AZE g0l 1 &
vk T A zAL Ao wjgd S w@staL
HAPAZAL 4 AIZE 1Y, 39 Foll AlEHARE
Bl vkl 2 LDH(lactate dihydrogenase)
7} Bujglo] Uk g dolr gt AEHE 50
4 A 96 well assay plate® #7131 LDH §4
A2k 7} wellol] 50 W& Yol A29] oA
30 £7t ufeksiact. WA ¥ ELISA
reader® 490 nmollA &3 315 th.

Ratio

I A4H

1. NZLH Z&012s59| Bid

AN ZARHA] @2 dZ2TAME ATt
o] ATHolx ZFEEr7t 1.0 92 & W3
g Holx] gston] AFE7x Afolrt AL ¢l
ATHFig. 1,3). 10 Gyd] HAMIE 2AR A
AXE 78.9%(n=30/38)] 73-F-olA ¥ARAZ
AL 4 B Fo ZgEH7t 348 371 Bol
Bl 9 # 32 g7 us3 759 w54
2 39 (Fig. 2,3). "AZAL 3 4ol
9] Z718 EQl 4 FelA 8 EAtole] ARAE W
AVAE ZAVEHA] e TR T v wA] BA A
o2 {03 2ol 2 BYTHp(0.01, Fig. 3).

WA 2AL 30 £ 39 2 A3t Folle EEE
THI7F 22 /Ol@ 3ol HolA] Yttt
(Table 1).

2. BININMZEAL & apoptosis®| 28l
HIAMAZAL 4 AlZE 1Y, 3 Foff 28-S
A|Z+sto] apoptosis®] HHES ZAE A} 4 Al
2t %9l apoptosis® A E7t 2T vlete #
AAUA F7HEIN e 1 93 3 Y Follx ik
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Fig. 1. One chart of intracellular (Ca**] ratio in fura-2-loaded control KB cells.
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Fig. 2. One chart of radiation-induced change in (Ca**) in fura-2-Hoaded KB cells, 4 minutes
after 10 Gy irradiation.

Table 1. (Ca*') ratio in fura—2-loaded KB cells at 30 minutes and 2 hours after 10 Gy irradiation

Tme | a5 inutes 2 hours
Groups
Control 0.949 + 0.076 0.988 + 0.106
Irradiated 0.941 = 0.028 1.106 £ 0.047

mean * S. D. (n=30)

Table 2. The percentage of apoptotic cells on the slides detected CLSM (%)

Control 4 hours 1 day 3 days
1.45+1.48 11.29+7.94* 7.93+5.51* 10.38+3.98*

mean * 3. D. (n=5)
* ! statistically significant between control group and irradiated group(P<0.01).

23 fe99E A8 Bt AYRTelE  chzZol Hlsle] fI3h Askch(Fig. 8).
FEY9he Aol Holx) RgtTHTable 2, Fig.

4-7). 4. |DH 24
siA o] APE ek M Ee] LDH AAM HAMD
3. MTT 24 ZAL4 AZE 39 1 o Folle dEzTH FoF
WAMIZAL 4 A 1 ¢ Folle dizawt Aol & HolA] gigtort 3 Y Folle WAMIZA

FOAE Aol7t YO WARZA 3D Fole 2ol folalrl BkcHFig 9).
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Fig. 3. Time course of radiation induced incipient changes in (Ca**) ratio in fura-2-loaded KB cells.
* - statistically significant between control group and irradiated group(P<0.01).
Error bars represent the standard deviation(n=30, respectively).

2.4 -
2 .
16 F
o
o 1.2
0.8
0.4 L ‘—e—Irad. G |
o - Control G
0 H " - - —
4 hours 1 day 3 days

Fig. 8. Optical density signal after irradiation on KB cells by the MTT assay.
* . statistically significant between control group and irradiated group(P<0.01).
Error bars represent the standard deviation(n=3).
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Fig. 9. LDH concentration (O.D.) in supernatant after irradiation.
* - statistically significant between control group and irradiated group(P<0.01).
Error bars represent the standard deviation(n=3).
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71E0] Wol AE31 $h Zrgro] - detector
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ZAojx 350 nm@ 380-385 nmoIA 35
AE3nz 3407 350904 A7) ol &
quin2° ¥jsld BBARNAEE AL & o
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T Zgolle TeHsle A2 daHAlE ¥e
W A EFF) we} zfol7t d2E & AN

HARAZAL A% Yep e YAIAQ Zgol
L5 Z71e} WM ZAL ¢ Al & YehE
ZEExe] F7Pt ond A& B ZE
9)Z39] A=FEeloHE 77 A= of
2] g3 gA YA o o] F71A] e
Zgolee] TP 22 242 A A=
HiEls A4S AR E o] S F U=
glojt}, tgl WAMAZAL 2% ol ol
5= Z7R= WA o) tigt Al X9 RIziel
A X9 AAYERE HPAT = 28-S T 3o
AzZtEn 4 Azt A&Ee #dgeldd] ke
Lol 2ol &3 deyEelolAly Ve
Yoyl DNAS 44 z#gctn A€,
a2 o]l AdoM= Zgoeleo] 10 Gy ¥
AP ZAL A Folgt BHHAT 5 AT ol Tl =
Zdgol2e F7IF I ey KB EAA &
apoptosis 7} AU ol& WAMKIZAL ¥
apoptosis 7} 717 & dojvke Al X YxTo
A Zgol29] gigAdo] HstetA] Fglvhes Bar
o} dx)3th F HAMIZRAL AF A H R
e 25 s IS ¢ A7 37 A4
HE 7% S/ 22 98 8 soleke A
ol o] AxfollA & = QAT O] WAMIZAL T A
FuUo] ¥ AHEL FA] dojU DNA ¥
Ax AMIZAL F FA] Dol oj2] & 27|
Aol AdsA I o P L dojuiAl e
F AT Ao AZ4ET, 27 dojvke ol
3 dEe AFEZT FAAHLZ AxE9
apoptosis® =& Ao ol g d#| 7
A Foll Alxute] Wzle} Aol Fxo F7t
7t ¥ A 27] o Yot EE Zgol 24
AU ZFAE o] dld 2HE & US Ao
Azt

ol Ago] Aol A] WP 2AL T ViER
£ apoptosist g~ A1 Wel] Yoyt 1 olF

112

AlZre] S84 wet o o3 Fke #EAHA
gston 233 £ Yol At Fellv AAHY
T ©|& apoptosis7t Golid A XFo| APE3}
of 1F AX} AN 2] FA]ZHgo] glome
iz 2 E5E0E Aos A4 A A
3k A 29 LDH Al WA zAL 3 Y &
o] LDH7} 3713t o|-fe WAkAoll 28 AL Al
Fik olyj2} APEE apoptotic A E WEQ A
oz AztdEd,

o] 4¥& B3l KBAE 10 Gyl A
& AR Af FAFoH dAFgod Al
Zhgol 29 F7PL v e WA ZAL 4 A7E
Foll apoptosis7t 717§ Bo] Vet A& & &
AN 2 AR & A AE T T
ol2e] FEZ7IE Bl A¥E 78.9%H 2t 4
A7t & DNA $28 11.29%014 velgt}, F
A eAFAIEN L B 71 F
o FPAXE FAsla go|ABAL o=
o] &3 Ao ZA Hol|A4o] & Hog Kol
4AE olfdld g 2AS A 2E& F 3
T agEo] vl & AEE 3E B 4 A
o]& g 54 S o] 8-3te] ¥dd DNAC) 8% 4
A5l apoptosisE E9ldh= W2 apoptotic
TS A3 B 4 Ja EXE AT F e
7o) k. 1B Eelol=ite] BE AR
FE A g 94 A B8R 42 Al
e FEoludA g4 B2 & doBE &
AT A o]t o F2 ARE 42
T legle AztE



s

1. Kerr JFR, Wyllie AH, Currie AR. Apoptosis:
basic biological phenomenon with wide-
ranging implications in tissue kinetics. Br J
Cancer 1972: 26: 239-257.

2)Arends MJ, Morris RG, Wyllie AH.
Apoptosis. The role of the endonuclease. Am
J Pathol 1990: 136: 593-608.

3,)Vaux DL, Haecker G, Strasser A. An evolu-
tionary perspective on apoptosis. Cell 1994:
76: T77-779.

4. Bursch W, Oberhammer F, Schulte-
Hermann R. Cell death by apoptosis and its
protective role against disease. Trends

harmacol Sci 1992; 13: 245-251.
g.\;hompson CB. Apoptosis in the pathogenesis
and treatment of disease. Science 1995; 267:
1456-1462.

6. Sachs L, Lotem J. Control of programmed
cell death in normal and leukemic cells: new
impli cations for therapy. Blood 1993: 82:
15-21.

7. Vaux DL, Weissman IL, Kim SK: Prevention
of programmed cell death on Caenorhabditis
elegans by human bcl-2. Science 1992: 258:
1955-1957.

8. Bertrand R, Kerrigan D, Sarang M, Pommier
Y. Cell death induced by topoisomerase
inhibitors. Biochem Pharmacol 1991: 42: 77~
85.

9. Dive C, Hickman JA. Drug-target interactions:
only the first step in the commitment to a
programmed cell death? Br J Cancer 1991:
64: 192-196.

10. Kaufmann SH. Induction of endonucleolytic
DNA cleavage in human acute myelogenous
leukemia cells by etoposide, camptothecin,
and other cytotoxic anticancer drugs. A
cautionary note. Cancer Res 1989. 49:
5870-5878.

11. Krishan A, Frei E. Morphological basis for the
eytolytic effect of Vinblastine and Vincristine

12

13.

14.

15.

16.

17.

18,

19,

on cultured human leukemic lymphocytes.
Cancer Res 1975: 35 497-501.

Szende B, Zalatnai A, Schally AV:
Programmed cell death (apoptosis) in
pancreatic cancers of hamsters after
treatment with analogs of both luteinizing
hormone-releasing hormone and somato-
statin. Proc Natl Acad Sci 1989: 86: 1643-
1647.

Afanas ev VN, Korol BA, Mantsygin YA,
Nelipovich PA, Pechtnikov VA, Umansky
SR. Flow cytometry and biochemical
analysis of DNA degradation characteristic
of two types of cell death. FEBS 1986; 194:
347-350,

BRE, oA, FedE, ddd, §55. 4A
AAEF XN FEAEZFA A A}
apoptosisf&ell X g FF AT, AH
WA 1998 28: 59-72.

Delic J, Magdelenat H, Barbaroux C,
Chaillet MP, Dubray B, et al. Invivo
induction of apoptosis in human
lymphocytes by therapeutic fractionated
total body irradiation. Br J Radiol 1995:
68: 997-1003.

Kubota Y, Takahashi S, Sato H. Effect of 7-
irradiation on fuction and viability of
alveolar macrophages in mouse and rat. Int
J Radiat Biol 1994; 65: 335-344.

Short A, Bian J, Ghosh T, Waldron R,
Rybak S, Gill D. Intracellular Ca?* pool
content is linked to control of cell growth.
Proc Natl Acad Sci 1993; 90: 4986-4990.
Chae H, Jarvix LJ, Unkun FM. Role of
tyrosine phosphorylation in radiation-
induced activation of cjun protooncogene in
human lymphohematopoietic precursor
cells. Cancer Res 1993; 53: 447-451.
Hallahan D, Virudachalam S, Schwartz J,
Panje N, Mustafi R, Weichelbaum R.
Inhibition of protein kinase sensitized
human tumor cells to ionizing radiation.
Radiat Res 1992: 129: 345-350.

113



20.

21.

22.

23.

24.

25.

26.

27.

28.

114

Hallahan D, Virudachalam S, Sherman M,
Kufe D, Weichelbaum R. Tumor necrosis
factor gene expression is regulated by
protein kinase C following activation by
ionizing radiation. Cancer Res 1991; 51:
4565-4569.

Woloschak G, Chanf-Liu CM, Shearin-
Jones P. Regularation of protein kinase C
by icnizing radiation . Cancer Res 1990:
50: 3963-3967.

Hallahan D, Virudachalam S, Bechett M,
Sherman M, Kufe D, Weichelbaum R.
Mechanisms of X-ray-mediated protooncogene
c-jun expression in radiation-induced
human sarcoma cell lines. Int J Radiat
Oncol Bio! Phys 1991; 21: 1677-1681.
Blobe G, Sachs C, Khan W, Fabbro D,
Stabel S, et al. Selective regulation of
expression of protein kinase C{(PKC)
isozymes in multidrug-resistant MCF-7
cells. J Biol Chem 1993 268: 658-664.
Story M, Stephens L, Tomasovic S, Meyn
R. A role for calcium in regulating apoptosis
in rat thymocytes irradiated in vitro. Int J
Radiat Biol 1992: 61: 243-251.

Bianchini L, Todderud G, Grinstein S.
Cytosolic (Ca’") homeostasis and tyrosine
phosphorylation of phospholipase C-7-2 in
HL60 granulocytes. J Biol Chem 1993;
268: 3357-3363.

Bellomo G, Perotti M, Taddei F, Mirabelli F,
Finardi G, et al. Tumor necrosis factor « induces
apoptosis in mammary adenocarcinoma cells by
an increase in intranuclear free Ca®*
concentration and DNA fragmentation.
Cancer Res 1992: 52: 1342-1346.
Ramakrishanan N, McClain D, Catravas G.
Membranes as sensitive targets in thymocyte
apoptosis. Int J Radiat Biol 1993: 63: 693-
701.

Duncan D, Lawrence D. Differential
lymphocyte growth-medifying effets of
oxidants: changes in cytosolic Ca** . Toxicol

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Appl Pharmacol 1989: 100: 485-497.

Todd DG, Mikkelsen RB. lonizing radiation
induces a transient increase in cytosolic free
{Ca**) in human epithelial tumor cells.
Cancer Res 1994; 54: 5224-5230.
Nikonova LV, Nellipovich PA, Umansky
SR. The involvement of nuclear nucleases
in rat thymocyte DNA fragmentation after
7-irradiation. Biochemica Biophysica Acta
1982: 699: 281-285.

Cohen JJ, Duke RC. Glucocorticoid activation
of a calcium-dependent endonuclease in
thymocyte nuclei leads to cell death. J
Immunol 1984: 132: 38-42.

Kaminskas E, Li JC. DNA fragmentation in
permeabilized cells and nuclei: the role of
(Ca®**Mg"*)-dependent endonuclease.
Biochemical J 1989: 261: 17-21.
McConkey DJ, Hartzell P, Duddy SK,
Hakansson H, Orrenius S. 2,3,7,8-
Tetrachlorodibenzo-p-dioxin kills immature
thymocytes by Ca**-mediated endonuclease
activation. Science 1988; 242: 256-259.
McConkey DJ, Hartzell P, Nicotera P,
Orrenius S. Calcium activated DNA
fragmentation kills immature thymocytes.
FASEB 1989; 3: 1843-1849.

McConkey DJ, Chow SC, Orrenius S,
Jondal M. NK cell-induced cytotoxicity is
dependent on a Ca®* increase in the target.
FASEB 1990: 4: 2661-2664.

Zherbin EA, Chukhlovin AB. Possible
association of membrane and nuclear
changes in 7-irradiated rat thymocytes. Int
J Radiat Biol 1984; 45: 179-183.

Chandra S, Stefani S. Plasma membrane as
a sensitive target in radiation-induced cell
injury and death: an ultrastructural study.
Int J Radiat Biol 1981: 40: 305-311.
Sungurov AY, Sharleava TM. Thymocyte
membrane changes and modifications of
interphase death. Int J Radiat Biol 1988
53: 501-506.



39.

40.

Szumiel I, Socanowicz B, Buraczewska I.
Ca®*" mobilization is related to the lethal
effect of x-irradiation in L5174Y cells. Int J
Radiat Biol 1990; 58: 125-131.
Grynkiewicz G, Poenir M, Tsien RY. A new
generation of Ca® indicators with greatly
improved fluorescence properties. J Biol
Chem 1985. 260: 3440-3450.

Address : Prof. Sam-Sun Lee, Department of Oral
and Maxillofacial Radiology, College of Dentistry,
Seoul National University, 28-22, Yeongun-dong,
Chongno-ku, Seoul, 110-744, KOREA.

Tel : 02-760-3498 Fax : 02-744-3919

E-mail : raylee@snu.ac.kr

1S



AR MY

Fig. 4. Control KB cells(X 400). There is no fluorescent cell. The normal cells are counter stained with
Pl.

Fig. 5. Irradiated KB cells(x400, 4 hours after 10 Gy irradiation). There are some fluorescent cells. The
cells counterstained with P! to quantitate the incorporation of dNTP.

Fig. 6. Irradiated KB cells (x400, 1 day after 10 Gy irradiation). There are some fluorescent cells.
Chromatin granules that were present in apoptotic cells. The cells counterstained with Pl to

guantitate the incorporation of dNTP.

Fig. 7. Irradiation KB cells(x400, 3 days after 10 Gy irradiation).There are some fluorescent cells. The
cells counterstained with P! to quantitate the incorporation of dNTP.
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