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Reversibility of DNA Ploidy Changes Observed in Pulmonary metastasis in the
Murine Osteosarcoma after Orthotopic Implantation

Ju-O Kim, M.D.
Department of Orthopaedic Surgery, Namkwang Hospital, Kwangju City, Korea

The difference in DNA ploidy pattern between primary and metastatic tumor remains an inter-
esting question.

We examined whether the observed change of tumor ploidy is permanent or whether it is
reversible after reinoculation of the metastatic foci to an orthotopic site of another mouse.

We isolated 14 metastatic pulmonary nodules from 8 mice with MGH-OGS murine osteosar-
coma of thigh, and inoculated these nodules into the thighs of twenty nine C3H/Sed mice.

In addition, we performed the cytoflowmetric examination of the primary tumor, the inoculat-
ed metastatic pulmonary nodules, and the regrown tumor after orthotopic inoculation.

In the primary thigh tumor of F8 MGH-OGS mice, the ploidy pattern was primarily aneu-
ploid(Average values were % Diploid Cells : 23% and the mean DNA Index : 1.39).
Examination of the pulmonary nodule revealed a significant increase in the diploid cell popula-
tion(Mean : 54%) in 79% of nodules and a significant decrease in the mean DNA Index(Mean :
1.24) in 50% of the nodules. The tumors regrown after orthotopic implantation of metastatic
pulmonary nodules however showed the same ploidy pattern and regrown parameters as was
seen in the primary tumor, regardless of the ploidy pattern of the implanted metastatic nodules.

This data support the concept that the lesion that goes to the lung may have hyperpercentage
of surviving diploid cells(rather than aneuploid), but once reimplanted into the "native " site
became primarily aneuploid again.
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hyFarel AdgEast HolPd Aelo] A2
£ AT ALYUE Kol B9 At
S8 gl PYFYIN Hns AP,

olgh e @ae HolEF WA FUA
23 539 Ade AT/} degel F4sdrke
A% nlsht, o WA d¥siel BAE BB
gyslol AAE Ak o HolFege] YutHoz
Pkl WS Role dAT BA AL Ao
2287 30,

MGH-0GS¥9) 47 28FIAE An33
FpAze) ANy} BB} Qed, Axe A
Be Hol AWLE TE Aol WHR (WA 9
Beel olAgezm HolREF ekt Yuy
He) el YAALAA, EE dFHY HolA ¢
ohizA seic,

HATCHA B
1. HYEE

AF 2-4F Hd 18g2 94 C3H/Sed AFHE
o] &84t (Fig. 1-A). C3H/Sed:= Syngeneic
miceZ F7|2le MA Alole] ARubg glo] =3
£ o] 4 gk

2 5%

MGH-OGS¥ C3H/Sed AF ol WAMD =A}
F 24P B&FoE FEUE oyo] Tt
(Fig. 2-A). thEFol] o] 4&H 430 8me| =7
2 JAsked o A7l e A tE R o]
Hate] Z2HAA B2l Kok TANE 7)RE A
H(F 98 AFl o] &3t

3. CHE|F YaiHaol o|4 3 uFo|el Ui

A A MGH-OGS 479 thsl® Wy &
FEAoZ F855E AL 2L lwwe] 2]

2 A& ¥ Nembutal2 #13 & 10vlele] C3H/
SedAF (c13t F 8)2] tiE| o |3}, 2nie]
£ 65, 8ulEle 105 #F ¥ AFE e e
WPoz HaA, qEY 24 L sde] g &
FAs19cFig. 1-B, 2-B).

EEA 2 HACEAE AF die dE
AF o]ysln YRE CytoflowmeterE ol &3}
o Aol P P Aide] ¢g EAFAC)

4, HMo| Wael 4014 H HH

103 &gA7 8olel C3H/SedWZF el o)A
14848 AHL ol YXE Nembutalh
3 29n2le] A (013t F 9)9) tE)2o] 1w o]
sl F4AEs Basigoh 3UA 53 Alold)
NE X FFE AH3 cytoflowmeters ©|
43 A8y A Alstgc

5, EZMzaie] DNAY £H (Cytoflowmetry)

E A3 o|ddtn Fe FIZRIE FA A
¥ 0.04% Collagenase(WorthingtonAlh) %
DMEM (Sigmarh) &3delA 37°C, 2412 =Rt
3t FHA L] A S HEAT

A EE 2 AHRE APstq AFHGF ARE
Cytospinning (1500RPM 10min) o2 Slid
o #2A17] & ethanol®%, 0.01% RNAsex &,
propidium iodide ¥4 % cyto-flowmeter
(NikonAt, 7I1Z¥) 2 AEHe] @& 533
o] DNA F& &3t

239 HNEES DNA 42 dBasex&]Z his-
tograme FAHAt oW AR FrHA] Fod
X2 E9 e % Diploid cell2 389w
ZHANEZF A4l (diploid) M E9] vl &E 23]
o, t& Ft}e Mean DNA Index®2 A F4
AX7F AR o2 HAH e vldte] Huje] DNA
€ /K3 derts itk (B3 423 1.0).

{(Mean DNA I.=Mean DNA content of
tumor cell/Mean DNA content of diploid
tumor cell)

— 1640 —



A >
-
i

-itig;
¥
JE st

;

¥
‘h

o W pr thee
by S
-

'

3
s
*ljl't'

Fig. 1. C3H/Sed mouse and MGH-OGS murine osteosarcoma : Primary
tumor(A) and the pulmonary metastasis(B)
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Fig. 2. Microscopic findings of MGH-OGS murine osteosarcoma in thigh(A ;
400x) and metastatic pulmonary nodules(B ; 40x). (H-E staining)

dta] ztelzt gl wHA s ie] A$E E@ch
F 89 sldole 6558 #2¥ + Adsd 105
o #&d YT 7P 2 AEL 65 HolH
ol A3AG T A% F2 0.7Tmd 3G o) =
g dEF vE @R =3 YFEEE BA
o

2, Cytoflowmetry

F 8dE¥ A= % Diploid cell : 23% (range

11-34%, SD 7.0%), Mean DNA Index :
1.39(range 1.34-1.43, SD 0.03) 2 aneuploid¥
o] Fgolet,

F 83] Hel¥i+ % Diploid cell : 47% (range
16-65%, SD 17%), Mean DNA Index :
1.33(range 1.20-1.47, SD 0.11)  aneuploid%
ol Hx| A sl s

F 8Ho|HAE o4t T F 9 YEdre
% Diploid cell : 24.2%, Mean DNA Index :
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INOCULATION OF MET.
Fig. 3. DNA histograms of the primary(thigh) tumors, their pulmonary metas-

tasis and the recurrent tumors from implanted metastatic foci.

The diploid cells were increased and the aneuploid cells were
decreased during metastasis, but which changes were reversed to origi-
nal pattern after orthotopic implantation to another mice.

Table 1. Mean DNA Index and % of Diploid cells in the thigh and metastatic tumors. *

F8 Thigh tumor F8 Metastasis Recurrence from Met.

No. (DNA Index & %Diploid) (DNA Index & %Diploid) (DNA Index & %Diploid)
1 137021%) > 14209%) — - 1.37(d4%)
2 13404%) —————3 120(63%) ——————> 1.4022%)
147(16%) ——— = 1.36(18%)
3 1.37(20%) > 122(63%) — > 1.45(15%)
4 1.41(19%) >  139(d9%) —— > 138(21%)
T 131(66%) —— > 1.37(24%)
5 13960%) ———————0 120(65%) ————» 13721%)
1.50(20%) ——— = 1.43(24%)
6 L40(A%) —————p 128(43%) ————> 134(30%)
143(28%) —— = 1.33(38%)
7 14323%) —————p 126(56%) ————> 12160%)
122(65%) ——— > 1.32(10%)
8 LA211%) e LA26T%) ——————>  13824%)
1.33(40%) — > 1.43(18%)
Average(S.D.) 1.39(0.03) 133(0.11) 1.37(0.10)

* Mean DNA Index and % of Diploid cells in the primary foci, their metastasis and the recurrent tumors from

metastatic pulmonary nodules.

The DNA amount was reduced during metastasis in No. 2,3,5,6,7 mice, but which change reversed to usual aneu-

ploid pattern after implantation to the thigh.

1.372 t}A] F soiE®ae] A3 (Aneuploid)
2 Bl (Fig. 3).

AHol #F F PEFYe Hl# Ae] DNAG
U AguleA Ee] ulgo] A (YT 2 EF
"zl o)) /AU A A9t AEd, °l

A4 A3y L E ol4se YR dEgL
i e o] dEHA &7, a3 W)
A e HYAE o5t AT EPLe] Yot
e} Aoz} QIR F, HAIE 14709 LS
2014 (Diploid) M Ee] &2 11M&dM F7H8t
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3 DNA %¥(Mean DNA Index) 2 THAo0M
adle] dolB g3 ANYEI FFFLE olFde
AE HPoLt o] HPAE thE P 047 A
Uehle 242 ol F4< d43=sde a4
glol 25 472l Aneuploid¥ 9] FUdolUt,

) &

Cytoflowmetrye 7i71¢} AXE dniZes &
e sy BEAE 4 glo] B AT gAX
g 239Al T d & e FHe] sk o
2tx HAE Alzto] Wol Ay dAe] Qo e
z23h g BEANdre 2 FAARE ENY
(flowcytometry) ol ¥l3] o F&FF FAlelch F
UAEe] DNAYE 533t AFE oA &
 AEe Bol BuHd o ow {AME £
AL v $ {83 Arpdelr)

ZFFA ] DNA%C] Aneuploid¥¢l A-¢ =
Ay n5Fe] AFYLE EREHD AB= ®
23 4% dAz 2P, T4 FH ot
Me A daERe geth?,

od Fohfle] ArHA] FEAFEE EAdte A
& B A27An §3] IVt & dFFAAE
Aneuploid®} DiploidFFME7t EFE vebd
4 gith, g Ael o9 Ho|HA Alold T
NG E Hole AL o8 d4FFNA Ba
o] glom o|A$ HolWidle HAYE S} A o]
Zitg Zog wgste A4 Bed, o] &he
AAEe #F3 AP Burgios# Ensley®
2 Aol¥iolA DiploidMEe F7171 Aol i)
getAloe] APl Fvtet BAZE Aokt

Aneuploid ZFUAME7}F dstAlel O o siche
Re 2 DNA ploidyst d¥7} dX3HA] e °lf
9 g AYE 4 A, & FeEEo] JFYE
Al & AT S BY FUHH NEE AW
shed 23 gH o2 44U Aneuploid ME &
Aol o e WHgEez A R 2
Aoz v nxe FPo] 238 © FL AF
g 2y F itk FKF= Y 159 A4
U gekAlel £ ukeE UE § i

e Holzgd vehde kel Wsrt HH
ael A7)8 BA} AeAE LotEstey A9

PP oe] JRBAE DAY 4+ sk H#HEA
9] A7] 3mE 71FLE 3 3mmo]A T} w7
B AAFYE vlmPoy e Hel ek

Azle 2 A¥dA HHie 30t AL Ae
Mol A&t m8)7] o g Y4an, A
o] =¥ o|f< 3d& DiploidAEe] v &) &
7] B2 Y73,

AZ= MGH-OGS 8% 3+ Aneuploid
4 Diploidd 22} #d3de] #Hold] o3 Wslmz
Hite] Fert t2A Jepdt Az &, oE
Hol A= Aneuploid FFAME7L o Z A,
AelF HolMEe HAM X s AFAdol B3
Diploid F¥ME7} 4502 JFslez Py
€17} Diploid% 2.2 ©]§3l AFEEr =g},
wetA] HEAE dER o]4std thAl dze]
Aneuploid$-412] ¥4 FeE Jepd,

2 B

ALY FEHY ole] Ho|FYF AlololA TEAEH &=
Az}l DNA%Y (ploidy) o] ®Ha7t dAIAEQD AU
7 B dFEA AAZE 4] 98, 109
C3H/Sed #F<9 tig¥ol MGH-OGS F8%&
o]4&ld #HHolE 7T F Hold 14¥4AE ¢
E 297l8] AF o] R oj4dt Fokol AL
#HAs T AE /A2 Cytoflowmetry) & E3H9
F44 X DNAZHE st

A 8t MGH-OGS 2§% ¢ 717 43 el U
Hae uA4u 4 (Aneuploid) 8¢ A E7F B2
gikgro] @kt (% Diploid cell : 23%, Mean
DNA Index : 1.39), sldolFdlx HAuls
(diploid) ¢ & 711 A¥el 71 F7tstn e
DNA%Ye] Zadle 2728 Bqc)

a8y HoHAE dE AF 9 uF P o]yA
7 ARAZ B ol ¥ Fdo Ayt &
Agle] 25 Ay F49 e #UYYE B
t},

AR £ F99 #do] A Fol v A dus B
the Aulee] FHAEI o Bol YE:3te Ao
2 AAEH, dold FIFE TAl dE R o]y}
H YHYNZE B e FIAE F2o] FA4 3
o] Fojzita Aztgict,
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