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Specific Cytogenetic Characteristics and DNA
Content Analysis by Flow Cytometry in Cervical Cancer

Sung Ik Chang, MD; Yong Wook Jung, MD; Ihn Hwan Lee, MD;
In Jang Choi, PhD; Dae Kwang Kim, MD

Deptment of Anatomy, Kesmyung Unrversity,
School of Medicine Taegu, Korea

In order to understand the specific chromosomal changes and DNA content analysis by flow cytometry
1n cervical cancer of Korean women, firstly we mvestigated cervical cancer cell line. The chromosomal number
of cervical cancer cell line was hyperdipolid and promiment numerical abnormalities were in trisomy 1, 2,
6, 12, 16, 17, 18, 20, 21, 22 and tetrasomy 2 Specific Structural rearrangements were deletion(on 1p22, 2p21,
3p21, 3qll, 6q23, 7pl4, 7p21, 10pll, 22qlD), translocation(3qll, 10pl11), 1sochromosome (5q) and marker
chromosome Common break pomts at bands 1p22, 2p21, 3p21, 6q23, 22q11 give rise to the loss of cellular
oncogene fgr, src-2, N-myc, rafl, myb, sis respectively
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Fig 1 Arrow represent del(1)(p22), del(3)(ql11), del(3)(p21) (? .4, ?), 1(5q)
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Fig 2 Distribution of chromosome number in cervical cancer cell line
2 ARl £ARN ol HAHoZ hiAzE 229 FAA o)A H(Table 1)
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Table 1 Numerical chromosomal abnormalties 1n cer- Table 3 Breakpomnts related with Oncogene
vical cancer cell line
Chromosome number  breakpoint oncogene
Trisomy 1 (40%)
2 (60%) 1p22 fgr
6 (70%) src-2
12 (50%) 2p21 N-mye
16 (50%) 3p21 rafl
17 (50%) 6923 myb
18 (50%) 22q11 SIS
20 (40%)
21 (40%) 200
Tetrasomy 22 (40%)
2 (20%) 1
(90%), th&ol 3qll, 1p22, 10p119]A} &%= (40-50 |
%) 2 Vet om 18] 2pll, 6q23, 7p21E 22q11¢9]
A% JERTH10-30%) A8 AW 109(g |
11p11)0] 7V Bgkor(10%) 1) 5Mgas 2 ) \
she] SadaAzt dglem FUE ¢ 5 e 9
EERESREESRESERERS RE o } L o o}
(Table 2) 0 100 200

Table 2 Structural abnormalties in cervical cancer cell
Iine

del(1) (p22) (40%)
del(2)(p21) (10%)
del(3)(p21) (90%)
del(3)(q11) (50%)
del(6)(q23) (20%)
del(7) (p14) (20%)
del(7)(p21) (30%)
del(10) (p11) (40%)
del(22)(q11) (40%)
del(22)(q11) (40%)

Deletion

del (10)t(10 3)(p11 q11)(40%)
del(12)t(12 ? )(qter 9)(10%)

(1 (Sq) )

("4")

Translocation

Isochromosome

Marker chromosome

4 A&Ro) Rag ofH &b 3p219) rafl, 1p22
ol fgr, src-2, 2p119] N-myc, 6q23°] myb 18] 1 22q
119 sis7t zhzb EA sk oi(Table 3)
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Fig 3 DNA content analysis by Flow-cytometry
in cervical cancer cell hne

n &t

e g7t FFY fAREF 719 FA
2o} o)do g A7E Aol olF fF
Zhe] 23S GAEAMY A el stz 2
o A & A

2o ATl oshd kel LA oM 27
9o F2¥ wshs ¢frAR(oncogene) T L
F2AQ fAAN £4E F F AT AN
wstolm ol g Wyt B AE 4F2E
7114011 P vlA ¢S WP FHor® o

2% gold deide dAAge] oldel Al
E«l Ake} dake] FAdel #oshe FAA ] 94
g v AR & Aok

old QA Y5 fFHe 1 FUARA &
Aok FAzte] YHE) G nA & Qon®
Ao w3 AXe) FA3 Eojol] 4FE vIAH 2
HHog Axo FARH 4FE FAsA Ao
AR e Wzt o fAAre] AudL Al

©

—

g

o



BB AR 9B F 25 1990

FYelA AAEA™olo H &S F7HAA AEY
FPFgo R A dsy FAsA G

SA LA dojuts GG Wk 3A Al
e e & A%

Ade ANAEA] FAo] Dol Aol
olglgh Wsle AMAFe FREY HYo} F&
A d¥A 9 4 (monosomy) & 3 opr1HH &
Ae GAA 249 g5o] dojus Aot o
¢ 2] (malsegregation) = Aol A 22 thull ] (poly-
som)E Yo F dov 54 A4x AY xe
29 B (duplication) = ¥ EFHY 547 A&
o BAEE 7ML & A AAlE fA2E B9 Yo
wslglo]l DNAM Gl W7t Aol gt o)y
g dste AR A G (AR} A9)FH 94
Al Auja(F9iet ) ez A Jehiy o
213t DNAW Q9 Azgoz Q& oln &A 3
27 FATAY A2E FAFARAN veg
FE on fAxe 2AN 5o F4E £ Aok
ol#idt dMA el W3} ke VA GAMX F
AL 7t FZEHQ Wolrt F8AE T e
olAL TAZA W glo]A 22 FAA 9
o] 242 vehde ph Vg A 9 o] A%
o]Rom® o] F B Aty mF YA FolHQ
A S FZAHQ o)l #AHUT dREY F
Fo YoM ERde dNAle] FRAHAY Esh=
H3#% A=} (unbalanced translocation) ¢} 444 % o}
A FL& B o3 A& SAFNHSo|H,®
ol T&HQ ¥Wle 53] carcinomadl A=
FAA AVt E4E dSY 2 g 2= A
SR EIHT YUY dF EW AGUAE U2
Yol B2 F2HQ #ztE AMths RHoltt o4
va 29 JAAe A7k BolF gelAw W
e AXE Aoz HuHIT e 108 S8R
AY Mol e W3l 18 FAA G o Fetol A
Wsksl olejd Aso|tt A ol Zzte &
FolAe] wste HE I GAH ] WEst FIAA
Avtetoigts 2R 9] |l Yd oeriA 2 Vel
F U9t 284 Adyt vl A= breakpomts,
24Y, BA, 54EAAF b vElg £ dde
Holt} 3Ag FaF AL ZE gl YoM FF
Ao 2 Yehte AL 2% VFs Ad xS
E3ete FAA S FAREEC] o]E T AT
Wstel Az A&HHA f4 TL EAo AAE
Azt Ao}

EF Fogro] wEA n¥Pgel F4xA Wie
H&H B33t olggh B4 dAEIE F99
oAl #4289 AL A FAFRe 2
A8k7] 984 the Al (multiple steps) & AX &
A} 21L& Ao e AY P} o)Yox P E
AA Uehds GAaA wshe dddn udd &
ol A YEl = telocentric fusion®] 2321 dicentric
chromosome?® § A2} FZ 9| A& VeltE DMS
(Double Minutes) HSR(Homogenous Staining Re-
gion) 5o YT2®? Fragile site® E T ¢
MEFASH dFEL Lol AolA breakpomnts7t
fragile sitedl] A dojdtte AL A3 oy
B A2 drdMe G 1M(53])9d, 1689
o)A g2 4 o] ¥ e Z-(Heterochromatin heteromorh-
psm)o] o) P EF F e APol Jve Ruvt
e 3 ok - Qo A o] o] 23t H A At
Hsle g3l #doste oz 43 g4
Zo= ojuidt FHo] Y= AR

B G WHsle By SHAAES 8438 A
et 83 48L 33 vk AEEY BurkittH
JEBe) gloj e 8 FAUAY c-mycd-FA=7}
149 QAo TERE HFFo] E43dR
A glon wgdFLFAMEg el lojMe c-
ablg A7t 22 G A A ber(break clustering re-
gon)oll ARdozA GAstgvhe o] waA gl
o dAle 2e £ IR g43HE Y
o] B3R glom w3 o5 HX7F ¢ break-
ponts$} YA FGE Ho] WA Ut FFHAs}
g45tE = 71He FYo) makA ekte gaxg
HE fHze &, fAxe 5dde], Azt #
AL AXE Aoz 484 vk

o] WM EW o] B Tl oA
AN Fol UeheE AT HEL e AXFAE
FAbE BE 9uE Adga 3ot

AZAEGAEN 3 RuES 21 Atkin? Ba-
ker=? 19 Ao Walgs Hustyed o3t
sk Ao (U F-E A RE FHe
TFZAYJVG A EEYH TEINA), 24, A, o
2L Aokl AF FolAt =3 AtkinF Baker”=
EOE HioA 174 g4 gghe] REEA(17p
+)o} Ggke] FAFUAGFE oloprIsti 17 ¢
A TS olobrstn 17H FMA = AT HFee
o] 8% FHAE 7HAD Yo E HER
o} ol9o % Verma$¥e 589 THANAE A7



249 FE&S old® HYR HdP

3780l QoiA Eold o Asts}

— 189 —

Flow cytometryoll 9|3+ i3} g3k 84

ALY EojH AAAWHIIE THETIE
Ak
B A Ao o3 A AT UMEANN EF
FX = 562 ZM hyperdiploide] ¥3E& wWRor
ZH ol 7hedlE 19, 29, 6%, 12%, 169, 17,
189, 209, 229 AA o] AhufA] 23 FAAL AL
A7 B R o2 el on 24 ol vt
19, 39, 79, 10W, A o] dheke] A4, 100
38 AAAre] WA, 5] THFNA, 4 M
A Fok gt felE & & ge FAH A}
EAH U o] 7heul ¥ 4 ujH g @
¢e] AAHSS Atkin® Baker'” 5ol Hidte=ube}
g stanglont ool e g2 Y F WY,
waeh WaEet ST Wol vEhu FA3E gl
= ReRoR Mol AT E Y] AT}
EolFel gMAslel B7le o8-
2313 o] AL FU¥o Fu)o) JAdFEFo 2] Mo
Hodstz Wstz A4 £ Jon I ARG
ol M= premvasive stage©ll A invasive stage= g
oj7bed Had wslaty A2EY 35 FGAA)
Ao SAGMNAE Verma® 5ol Hghule}l 43
g o] R ARUT FET KA B
Mok AT o] R FRzle] FEo] EF F
ore] 213 = ofAEoko ol 3o AR
AT} olejo T 4N G Wele HAH F
WA o) B-Eo] ool A FAHA=AE H &3] W3
dtolobtt & 4 Aot 4Ed] B2 WL Ve
GO 2 A AZARG AT ol ojus FHZE
#Ag ez A ojzjd A FE2HQ
o]4 7}$H deletion site & breakpomnt$} -5 2k
o] FAEZ AHRE MG AA ] Thehe] Y
fgr, src-2 2 N-myc, 3 rafle] 4HA=9 4
Ag MRS Ao 68 A ek &4

v

L )

l~

Ao 2 olFo| ojujgt BEE vlol A5t EA
U g glon o] Ag R2AAETA A= = southern
blottingo]Y} DNA i situ hybndizations& &34
wraiz ok ATk

T HIoE o deFiMel FAxel
A7t ARSI ded 2R AxRdALLF
2738 £ A& Flow cytometry] £0]9 o]
Ao A 8] static cytometryoll 8|3l wh-$ A
o, ELE R 495 ¥ F vk Aot 3

f

rr

-

Fe
Al
3
553

3}

p a4

o] e JMAE AAEA] 1 FA7] A E(inte-
rphases cel)dl] A HEE £ Yol AZTIGAEE
(cell cycle phases distribution) 2] 4221 £
dod 32 ¥ AXES 73 5 e Aol
» ol Yl REe] FFAEEL o] HiFA
3N At ghek(diplood DNA content) S 7FAlE 9lo] si-
ngle G; peak@ UeElYm Fgol QlojMe olFA
datgtee 7HAE A 719 G peak?l shuH
UehgdoE Aoltd w3 thul 4 (multiplod) &} 73
Lo 3hol g F719) G, peak’t vERATE o}
2}x) o+e] o)A (aneuplody) 9] HE+E DNA m-
dexol 23 249 4 Jded oJRL oA G,
peakoll 3+ G, A E ] gt v §& JEPIA
olth

DNA idex 1& o543 (2n) 3Fgeeln 15&
)= 43 (3n) YAERS Vel e Rt o] e gt
DNA indexoll 71534 ti¥-£ 2] Z%-S DNA index
159} 3} near diploid tumor, 159]4& hyperdipohd
tumor® EF3l71% 3k B2 flow cytometry®l
o)3k abgtare] zAF B o] QlojA 4
Z1} chemotherapy &2 radiotheraphyell ™3k w17+
S(sensitivity) & ZAA3t=d AAAQ AEE AT
g F UAT oL $AHF AL ofym oA
ZFo AAAAZAZ F3R FHolof ¥
olth

AFZ A Rgol st &t ghate] B E H W Atkin
9} Kay®i= static cytometryS o] &-3te] 8 4t3} ko]
oluf=4 Ao v e o F7F X Ygun
Huggo o]Ae Fo] Alde] ofd Aoz
s H o™ Jakobson2? flow cytometryE o]&3}d
1715 9] AF AR #xtel A low polidy &% (DNA
index < 15)°] high ploidyZ%(DNA mdex » 15) %
o Q%7 gey 4o Aoz Bu sgon 53
JakobsenE*¥&  ZZ A ¥4I & (intraepithelial
neoplasm)2 flow cytometry® ZAMSIA oful 44
argtge wauilon o9 ZAE dMAx
Absd 29% oA AXFE HusHo I o5
Z ko] o]4A & invasive cancer29] a3 HAA T}
Ron o)|FFHHE A PHE 2HE nva-
sive cancer?] HFAH L HH3Hck

B zAlol] o3l 27 HEYHMEE L near dipo-
hd S AL Yo o] AL RuES
QA ALY A7 EE44X 562 hyperdipohid ¥
doz yehde AR vlusE Bk dAsAE

. rlo o



- 190 —

OB AGRTUE S 9% H25% 1990

10

11

12

13

14

% 1

MO
reh

McKustk M New classification of genetic di-
sease, Arizona symposium on cyto-molecular bio-
logy of solid tumour, 1989

Bishop JM The molecular genetics of cancer
Science 1989, 235 305-311

Nowell PC, Hungerford DA A minute chromo-
some 1 human granulocytic leukema Sctence
1960, 132 1497

Casperson TZ, Johansson C Differential banding
of alkylating fluorochromes m human chromo-
some Exp Cell Res 1970; 60 315-319

Rowly JD A new consistent chromosomal abnor-
mality in chronic myelogenous leukemma wdenti-
fied by quinacrine fluorescence and Giemsa stai-
ning Nature 1973, 243 290-293

Atkin NB, Baker MC Chromosome 1 1n 26 carci-
nomas of the cervix uter1 Cancer 1979, 44 604-
613

Atkin NB, Baker MC Chromosome 17p loss in
carcinoma of the cervix uter1 Cancer Genet Cyto-
genet 1989, 37 229-233

Verma RS, Dosik H, Lavpa KS Characterization
of human heteroploid cell line J-111, Reverse ba-
nding patterns of marker chromosomes ] Hered
1977, 68 87-292

Kleww G, Klemm E Evolution of tumors and the
impact of molecular oncology Nature 1985, 315
190-195

Rowley JD Chromosome abnormalites in cancer
Cancer Genet Gytogenet 1980, 2 175-198
Rechavi G, Gwol D, Canaami E Activation of a
cellular oncogene by DNA rearrangement Possi-
ble mvolvement of 1S-like element Nature 1982,
300 607-611

Cairns ] The orgin of human cancers Nature
1981, 289 353-357

Mitelman F, Levan G Clustering of aberrations
to specific chromosomes tn human neoplasia 2
A survey of 287 neoplasms Hereditas 1976, 82
167-74

Sachs L Control of normal cell differentiation
and phenotypic reversion of malignancy m mye-

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

loid leukemia Nature 1978, 274 535-539
George DL, Francke U Gene dose effect regional
mapping of human nucleoside phosphorylation
on chromosome 14 Science 1976, 194 851-952
Ohno S Genetic implication of karyological insta-
bility of malignant somatic cells Physol Rev 1971,
51 496-526

Nowell PC The clonal evolution of tumor cell
populations Science 1976, 194 23-28

Atkin NB Lack of reciprocal translocatons n car-
cnomas Cancer Genet Cytogenet 1986, 21
275-278

Croce CM Chromosome translocations and hu-
man cancer Cancer Res 1986, 46 6019-6023
Pathak S, Wang DM, Scks PC Telomeric associa-
tion another characteristic of cancer chromo-
some ? Cytogenet Cell Genet 1988, 47 227-229
Barker, PE Double mmutes m human tumor
cells Cancer Genet Cytogenet 1982, 5 81-94
Cowell JK Double minutes and Homogenously
Staiming Regions Gens amplfication m mamma-
lian cells Annu Rev Genet 1982, 16 21-59
Yunis J] The chromosomal basis of human neop-
lasias Science 1983, 21 227-236

Atkin NB, Brito-Babapulle V. Chromosome 1 he-
terochromatin vanants and cancer A reassess-
ment Cancer Genet Cytogenet 1985, 18 325-331
Rabbits TH, Hamlyn PH, Baer R Altered nucleo-
tide sequences of a translocated c-myc gene 1n
Burkitt lymphoma Nature 1983, 306 760-765
Melamed MR, Mullaney PR, Mendelsohn ML
Flow Cytometry and Sorting New York, John
Wley, 1979

Brolgie B, Drewmo B, Schumann J, et al Cellular
DNA as a marker of neoplsta m man J Med 1980,
69 19-203

Atki ND, Kay R Prognostic significance of modal
DNA value and other factors in malignant tumors
based on 1456 cases Br J Cancer 1979, 40 210-
221

Jakobsen A Prognostic impact of ploidy level
1n carcinoma of the cervix Am J Chin Oncol (in
press)

Jakobsen A, Kristensen PB, Pouisen HK Flow
cytometric classification of biopsy specimens
from cervical mtraepithehal neoplasia Cyfometry
1983, 4 166-170



