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Characterization of human osteosarcoma cell lines

—Comparison of phenotypes of cells established
from primary and metastatic lung lesions—
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(Chief ;: Prof. Tohru KAKU)

Abstract

Osteosarcoma is a highly invasive malignant neoplasm which may metastasize to distant
sites, particularly the lung. Two osteosarcoma cell lines were established from osteosarcoma
tissue obtained from the proximal end of a right tibial tumor, "KIKU”cells and from the lung
metastatic lesion of a 27-year-old female patient, "KIKU-M” cells. Investigations of character-
istics of human osteosarcoma cell lines from primary and secondary lesions of the same patient
have not previously been reported, and to characterize the KIKU and KIKU-M cells,we
performed chromosome analysis, examined growth properties, calcification, alkaline phos-
phatase (ALP) activity, the amount of osteocalcin (BGP), and the invasive capacity. Several
abnormal chromosomes not normally present in human metaphases were identified. The
doubling time of KIKU-M cells was shorter than that of KIKU cells. The injection of KIKU and
KIKU-M cells produced subcutaneous tumors at injection sites after the transplantion. With
von Kossa staining, both cell lines showed a definite calcifcaiton in the medium without the
addition of ascorbic acid and beta-glycerophosphate. Prominent osteoid formation and califca-
tion were observed in the transplanted osteosarcoma tissue produced by the subcutaneous

transplantion of both cell lines. ALP activity in KIKU cells was significantly higher than that
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in KIKU-M cells and aslo the production of BGP increased more in KIKU cells than in KIKU-M

cells.

This evidence may show that KIKU-M cells have more immature phenotypic features than

KIKU cells in vitro and in vivo. Also, both cell lines were useful in studying human bone

metabolism and the mechanism of differentiation and metastasis of human osteosarcoma.
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Fig 1: Phase contrast micrograph of (a) KIKU
cells and (b) KIKU-M cells.
(a)KIKU cells showed osteoblastic-like
polygonal cells (X200) .
(b)KIKU-M cells showed fibroblastic-like
spindle cells (X200) .
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Fig 2: Representative G-band karyotype from
KIKU (a) and KIKU-M cells (b)
(a)Karyotype Mode=43,X, +add(2) (q37),
add(3) (q29) ,-5,-7,-8x2,-10,del (11) t(1;11)
(1gter->1qll::11q15->1lqter) , +add (12)
(p10), +add (15) (p10) ,add (19) (p13.3), +
add (21) (q22),-22,add (22) (p10) , + mar, +
mar
(b)Karyotype Mode=2382(range78-84),
XX, +2x4,,+add(2) (q37)x2, +del(3)
(q10), +5, +add(5) (p14q33), +6,add (8)
(q24) ,add(8) (p23),, +del(9) (pl3), +der
(11t (1;11) (1gter->pll::11pl5->1lqter)
x2, +del(11) (q21) , +add(11) (q10), +del
(12) (q10) , +add (12) (p13), +13, +add (14)
(p10) , +add(14) (p10), +add (15) (p10)x2,
del(15) (q22) , +16, +add(17) (p10)x2, +add
(18) (g23), +add (19) (p13.3)x2, +20x2,20
x3,+21x2, +add(21) (q22), +add(22)
(pl10) ,add (22) (p10) , +mar, + mar
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Fig 3: Growth curve for KIKU(O-O)and KIKU-
M cells(A-A) .
Cell numbers were determined as number of
cells/cm?.

Fig 4 . KIKU cells (a) and KIKU-M cells

(b) with potential to form in vitro mineral-
ized tissues.

Black-brown color staining as shown in
culture dishes by von Kossa staining.

(a)KIKU cell culture for 46 days in
DMEM +10%FBS.
(b)KIKU-M cell culture for 51 days in
DMEM +10%FBS.
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Fig 5-1): Histochemical and immunocyto-
chemical staining of alkaline phos-
phatase and osteocalcin of KIKU cells
in vitro.

(a)Strongly positve reaction by alka-
line phosphatase histochemistry
(Burstone’s method, X100) .

(b) Positive immunoreactivity by
osteocalcin immunocytochemistry (ABC
method, X200) .

Fig 5-2): Histochemical and
chemical
phatase and osteocalcin of KIKU-M
cells in vitro.

(a)Strongly positve reaction by alka-

immunocyto-
staining of alkaline phos-

line phosphatase histochemistry
(Burstone’s method, X100) .

(b) Postive immunoreactivity by
osteocalcin immunocytochemistry (ABC
method, X200) .
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Fig 6 : Alkaline phosphatase activitiy in KIKU and KIKU-M cells

ng/ pgof DNA

The figures are mean values of six dishes with duplicate deteminations.

a) Siginificantly different from the value of KIKU cells cultured under control
conditions(P<0.001) .

* Siginificantly different from the value of KIKU cells cultured under control
conditions(P<0.005) .

#Siginificantly different from the value of KIKU-M cells cultured under con-
trol conditions (P <0.001) .
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Fig 7: Osteocalcin synthesis in the KIKU and KIKU-M cells

The figures are mean values of six dishes with duplicate determinations.

a) Siginificantly different from the value of KIKU cells cultured under control
conditions (P<0.05) .

* Siginificantly different from the value of KIKU cells cultured under control
conditions (P <0.001) .

#Siginificantly different from the value of KIKU-M cells cultured under con-

trol conditions(P<0.001).
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Fig 8 : Tumor formation in nude mice
(a) KIKU cells, (b)KIKU-M cells.

Fig 10 : Histological observations of tumor tissue
obtained from implantation of KIKU cells
into nude mice
(a) The tumor is characterized by mineral-
ized osteoid formation and polygonal
osteoblastic-like cells (Hematoxylin and
eosin staining, X200) .

(b) High magnification of Figl0 (a).
The tumor cells are mainly composed of
polygonal osteoblastic-like cells

a b (Hematoxylin and eosin staining, X400) .
(¢c) The extensive mineralized osteoid is
the brown color by von Kossa staining
(X100) .

Fig 9: Markedly abundant calcilication shown by
Softex X ray photograph
(a) KIKU cells, (b) KIKU-M cells.

N7z (Fig 6).
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Fig 11 Histological observations of tumor tissue

obtamed from mmplantation of KIKU-M
cells 1n nude mice

(a) The tumor 1s characterized by osteoid
formation and spindle-shaped cells
(Hematoxylin and eosin staming, X200)
(b) High magnification of Fig 11 (a)

The tumor cells are mainly composed of
spindle-shaped cells (Hematoxylin and
eosin starning, X400)

(c) The extensive mineralized osteoid 1s
seen as the brown color by von Kossa
staming (X100)

KIKU#AY, KIKU-M#Hfd%®HE L 72 6 VLo
A—=FNY AT RCRZEBEERITED > 1Lz
(Fig 8a, b), MffifiE & b 1cik=r v 7 g
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RIME D@V B H A T, ek L OB
RDTER TR 57z, von Kossaft ik Tk
BB AHAR O NI I BB EDOBHE»RD 51
7z KIKU-MMIRE TIX, BT ERMEO®
WA T, BRSSP 1 SESEAE A 235 <,
BB L WEHBORSRD Sil, [
FHFDvon Kossaftt T3 KIKUMNE & FIER I
BHEOBEEERIED stz (Fig 10a ,b, ¢
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Fig 12a) Growth curve of KIKU cells transplant
in nude mice
The figures are mean values of s1x nude
mice The results were evaluated with
the Battelle Columbus Laboratories
Protocol®*** (The National Cancer Insti-
tute, U S A)
Tumor weight (mg) = (W2Xx1)/2
W width (mm) L length (mm)
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Fig 12b) Growth curve of KIKU-M cells trans-
plant 1in nude mice
The figures are mean values of six nude
mice The results were evaluated mn
accordance with the Battelle Columbus
Laboratories Protocol** (The National
Cancer Institute, U S A )
Tumor weight (mg) = (W2x1)/2
W width (mm) L length (mm)

Fig 1la, b, ¢)o %8B, TRTHOX—F<7 R
DI ~OEEBEDORIIHER TE oz, L
> LTS HHER O JER O B NIR I, KIKUM
fuci320:8H 1, KIKU-M#IfE TS 4 B H
B3N, ZoWMEEZFIKIKUME TI23EE
T253.4+52 .2mg (Fig 12a), KIKU-M#AAZIX10
BEHE TI31665.9+1420.8mg (Fig 12b) &FEL W
=D 6NT,
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Table 1 BrdU labeling index(%)and PCNA
positve mdex (%)
KIKU cells KIKU-M celis

BrdU labeling mdexa

In vit ¢ d

n vitro 400+£013 610+007

I

pvive 360+010 6201015°
PCNA positive mdexb

In vitro 5704012 67010099

In vivo 4104004 64 0+0 15°

a Labeling index (%) =BrdU labeled cells/total
number of cells X100

b Positive 1ndex(%)=PCNA positive cells/
total number of cells X100

¢ Mean+SD(%)

d Significantly different from the value of

KIKU cells 1 vitro (P<0 001)

e Significantly different from the value of KIKU

cells in vivo (P<0 001)

9. HRAERIETEDERMT
InvitrolZ BT B5BrdUZ XD > 7« £ > T v
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MR TI261.020 07% TH D, Invivoll BT
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720 FBRICPCNARY T 4 7 e A VT v 7 AT
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Table 2a) DNA content in KIKU and KIKU-M
cells without FBS

DNA content
( pgldish)

Time KIKU cells KIKU-M cells
24 hrs 0119%0 003 012020003
48 hrs 017020030 019210025
72 hrs 018010048 021810 043

KIKU and KIKU-M cells were incubated for three
days without FBS

Data were normalized according to the DNA
content of each culture which was measured by
the method of Kapuscinski and Skoczylas®®

The results are mean values of three dishes with
duphicate derterminations

Table 2b) Invasion capacity of KIKU and
KIKU-M cells
Invastve cell

(Number of penetrated cells’/Matngel 1nvasion chamber)

Time KIKU cells KIKU-M cells

24 hrs 104£38 114+43

48 hrs 10617 116124

#
! 1

72 hrs 460160 727£118

Tumor cells were placed on Matrigel-coated
membranes of Transwell chambers These cham-
bers were incubated for 3 days and the cells
attached to the lower surface of the membranes
were counted under a microscope

# P<0 001 as compared with KIKU cells (72hrs)

ZHfEOMEEINZ oh b I EDHERTE T

(Table 2a), WMlIHKEO~ MY ¥ = V2 HEH
L 7zinvasion assay(Z & V, Miflifiarkix24, 485F
il e O NV IR s - A O A 1 - {
BEZZIRD o0y, T2RFEE T
KIKUMI Ti346.0+6. 0ff, KIKU-M#iE Tix
72 7+11 8 & A E 1 KIKU-M # kg @ 5 23
KIKUMIfE & D £ < ofifEn~ b Y = V2
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