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SHORT COMMUNICATION

SURFACE CHARACTERISTICS OF SV40 TRANSFORMED
TRANSPLANTABLE AND NON-TRANSPLANTABLE
MOUSE CELLS

TAKASHI KURIMURA and AKIKO HIRANO

\'irus Laboratory, Osaka Prefectural Institute of Public Health, Nakamichi, Higashinari-ku,
Osaka

(Received April5,1972)

Among the characteristics of malignant tumor
cells, the most important for malignancy is tile
transplantability of the cells in host animals.
Kit et a1. (1969) established a tumor line in
BALBjc mice (Texas In bred Mouse Co. ,
Houston, Texas), which is constantly trans-
plantable and which was derived from non-
transplantable SV40 transformed BALBjc
mouse kidney cells (inKS-A). Usually it is
very difficult to transplant S\;40 transformed
mouse cells Into mice without some pretreat-
merit of the host animals, such as X-ray Irradia-
tion or thymectomy (Aaronson and Todaro,
1968; Takemoto at a1. , 1968). The infection
of the host animal by RNA-containing mouse
leukemia virus could have been the cause of
conversion of inKS-A cells from a nontrans-

plantable to a transplantable form. But this
possibility seems unlikely for the following
reasons; (1) the transplantability of the inKS-
A tumor remained unchanged and was heredi-
tanly stable, (2) non-transplantable inKS-A
cells carry type C virus particles (Kit at al. ,
1971) and (3) the ."Iginal inKS-A colts which
were not transplantable in BALBlc mice have
remained non-transplantable.

The passage history of the inKS-A tumor
cell lines is shown in Table I. Tumor cell

lines are designated as inKS-A TU-I, inKS-A
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TU-2, ... and inKS-A TU-7 according to their
passage levels. Since this tumor line contains
SV40 specific intranuclear T-antigen and in-
rectious SV40 virus could be recovered from

these tumor cells after fusing them with African
gre, n in, nkey kidney colts (CV-I) in th. pre
sence of UV-in activated HVJ (Sendai virus),
it is evident that inKS-A TU-7 is derived from

the original non-transplantable inKS-A cells.
The transplantable nature of inKS-A and

inKS-A TU-7 was confirmed by the experi-
merits shown in Table 2. From the results in

this table, it is obvious that the transplanta-
billties of the two cell lines are not affected b\,
the age of the host mice.

\\!e only examined one non-transplantable
SV40 transformed mouse kidney cell line and
one transplantable tumor line derived from the
former. However, it seems important to coin-
pare the characteristics of these two to elucidate
the nature of the transplantability of trans-
formed cells. It is conceivable that the dif-

forence in transplantability is the result of a
difference of the cell surface. There are many
reports of changes in the cell surface after viral
transformation or Iytic Infection with polyoma
virus (Burger, 1969; Inbar and Sachs, 1969;
Duksin at a1. , 1970; Benjamin and Burger,
1970; ECkhart at a1. , 1971). In this \\, ork \\, e

193



compared the surface characteristics of these
two cell lines using influenza virus and con-
can avalin A.

Influenza viruses can be adsorbed to the sur-

face of a great variety of cells and it seems likely
that the extent to which it is adsorbed may
reflect the character of the surface membrane.

A^ infoen"^ virus A10kud^157 (H2N2) w^^
used at an lit o00 passage number of 285. A1-
Iantoic fluid containing influenza virus was
diluted with Eagle's ATEA, I to give a virus con-
centration of 512 hemagglutination unitsjml.
inKS-A and inKS-A TU-7 cells were harvested

at the subconfluent stage using EDTA (5.4 x
10 M~') solution in PBS and were suspended

Equalin Eagle's MEM without
volumes of virus suspension and cell suspension
(7.5 x 106 cellslml) were mixed in a test tube
and kept in an ice-bath with gentle shaking
for 30 min. Then the mixture was centri-

fuged and virus in the super natant was me as-
ured by its effect in hemagglutination of chick
red blood cells (057, ). This adsorption
procedure was repeated twice. Fig. I repre-
sents the result of adsorption of A10kudaj57
(HzN2) influenza virus onto EDTA treated

inKS-A TU-I

inKS-A TU-2

inKS-A TU-3

inKS-A TU-4

inKS-A TU-5

inKS-A TU-6

inKS-A TU-7

TABLE I

Passage level

TC nitd M indicate passages in tisstte cultu, .e and in I'llce, Iespectz"e/I, . The PI'ese"ce of virus fir cell extracts
Eons checked by in DC"!at 1'0" of SMPe, ', iota"ts of cell extracts (after 11'eese-thawing, sonicatio" and centi irug@tio")
onto African green monkej, kidney (CP-I) cell monolayers. Rescue of urus to@s done as deFCribed else"he, e
(DJ, 663 and K, 't, 1968)

Tc, ,M,

TC7i""'

TC, lilyls

TC7jiVlio

TC7jiVl, ,

TC, ,M, ,TC, ME

TCj, NI, .TCelV15

Cho, .octal'attz'CS of BHLBjc tumor

TABLE 2.

cells

SV40 T-Ag

serum.

+

+

+

+

not tested

+

ryect of age of nost on turnoi. productz'on 63, znOci, /atton of inKS-, o1. MrKS-a TU-7

L

Transplanta-
billt\. In mice

Cell

inKS-A

not tested

not tested

Virus in cell
extracts

+

+

not tested

+

T

Passage
Ie\, el

inKS-A TU-7

a (number of tumors)I(number of mice inoculated)
Tumor cells toe, e titjbcted into animals subcutaneous/y in the scapular legion

69

69

69

69

65

Rescue of
virus

Number of cells
inoculated

not tested

+

+

+

+

+

not tested

+
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2.5 X 104

6.5 x 104

6.5 x 104

6.5 x 105

4. 0 x 106

11

11

11
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Age of nilce

2.5 x 104

25 x 105

2.5 x 106

4 da\'s

4

6

adult

adult

Days after Inoculation

14

3 days

7

adult

016''

015

018

113

016

28

012

015

016

013

016

616

6/6

3/3

6/6

5/5
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inKS-A or inKS-A TU-7 cells. The result

shows that there is a difference in the capacities
of ad^."pti. n of Alohad, 157 (H2N2)
onto these EDTA-treated cells.

Concanavalin A (Con. A) was purchased
from Lines Laboratories, Inc. as a solution
(25 ingjml) in saturated saline. Before use,
it was diluted I: 30 with Eagle's MEAT and
dialysed against 100 volumes of Eagle's I\IEM
for 5 hr at 4 C. Subconfi. uent cell cultures

were used for tests of agglutinability. CUI-
tures were rinsed thoroughly witlL phosphate
buffered saline (PBS). Then the cells were
loosened from the vessels using PBS contain-
ing 5.4 x 10~' M EDTA and dispersed by gentle
pipetting. Cells were washed \\, ith Eagle's
MEAT by low speed centrifugation and resus-
pended in Eagle's A1EM at a concentration of
4xlO' cellslml. All dilutions were made
using Eagle's MEM. Equal amounts (0025
inI) of cell suspension and Con. A were mixed
in the well of a concavity slide and gently shak-
en for. 10 to 20 min at 27 C. Then the extent

of cell agglutination was checked under the

virus

microscope. The symbols O, +, +F, +H and +!11
correspond to 0, 0-25.25-50, 50-75 and 75-
100% clumping of cells. Table 3 shows the
agglutinability of these cell lines by Con. A.
inKS-A TU-7 is more agglutinable than inKS-
A, Irrespective of its in vitro passage ITistory.
Amdt-lordn and Berg (1971) rep. rt. d that
transformed and non-transformed cells have

the same number of specific binding sites for
Con. A, and they suggested that the difference
in the agglutination of these cells by Con. A
may be due to steric hindrance, allosteric con-
version or Ionic Interaction. It is conceivable

that the difference in the extent of agglutina-
billty of the cells by Con. A reflects a difference
in the surface characteristics of these cells and

that, in the case of viralIy transformed cells, the
surface clTaracteristics are, to some extent, con-

trolled by viral genomes integrated into the
host cell chromosomes (ECkhart at a1. , 1971).
One possible explanation of the difference in
the agglutinabilities of inKS-A and inKS-A
TU-7 by Con. A is a difference in the grade of
expression of the SV40 virus gene function(s),
but other explanations, suclt as mere selection
of cells by in vivo passage, have also to be taken
Into account.

Transplantability, or the extent of progres-
sion, must be determined by, many factors. In
this \\, ork we only examined the surface clTar-
acteristics of the cells by comparing the pro-
perties of non-transplantable inKS-A and
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FIGURE I. Adsorption of Inline, 13tt "iri, s onto 111KS-A
rind 111KS-A TU-7

Tile conce, it, atfoil of cells usedfor adsoiptio, I cons 7.5
x 106 cellsj, ,1'

o

inKS-A TU-7(F12)

TABLE 3. agglutz'nabihtj, of inKS-A und
litKS-, TU-7 cells by Conco"dual^^ A (Con
A)

Cell line

inK S-A

inKS-A TU-7

inKS-A TU-7

Passage
level in

VIVO

Tile procedi, , es 101' this experiwe"t ale desciibed ill
the text. The conceittintio" of Co, ,. A is expi essed in
the final contenti at10n

Concentration of Con. A
(/, g/inI)

71

7

45

o

o

o

o

b

o

+

+

25

+

+

+F

50 500

+

+F

+H

+F

+Hl

\t
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transplantable inKS-A TU-7. The capacity to
adsorb influenza virus, or the situation of re-
CGptor sites for virus, seems to represent other
characteristics of the cell surface than the bind-

ing sites for Con. A or wheat germ agglutinin.
it is well known that sialic acid residues on

the cell surface are important in adsorption of
influenza virus, even if they do not represent
the actual receptor sites for the virus. Usually
viralIy transformed cells contain fewer SIalic
acid residues than non-transformed cells (Maki-
to and Seyama, 1971). \\;e did not estimate
the content of sialic acid residues on the sur-

face of inKS-A TU-7 cells, but from the capac-
ity to adsorb influenza virus, the surface of
inKS-A TU-7 cells may have more SIalic acid
residues than that of inKS-A, or the distribu-
tion of SIalic acid residues on the surface of these

two strains may be very different. If so, it is
possible that SIalic acid residues may reducc the
jinmunogcnicity of the cells by giving them an
electrostatic force repulsing Immtinocompetent
lymphocytes. SIalic acid rcsidues may also
cover' transplantation antigens on the cell SUT-
face rendering the cells more transplantable.
inKS-A grew as tumors in mice after jinmuno-

suppression of the mice by whole body irradia-
tion with '0Co (unpublished~ data). So, the
highly jinmunogenic nature of inKS-A could
be one cause of its non-transplantability in

The Immunogenicity of cells is mainly
due to the nature of the cell surface, so the
reason for the difficulty in transplanting SV40
transformed cells in mice may be explained by
examining the surface characteristics of these
cells.

Another factor to be considered is the pre-
sence or absence of type C particles in trans-
fo"mad wits' Kit at a1. (1971) rep, rt, d th,
presence of 'H-undine particles in both inKS-
A cells and inKS-A TU-5 cells, and they could
not find any relationship between these par-
ticles and the on cogenicity of inKS-A tumors.

Further studies are needed to clarify whether
these differences between transplantable and
non-transplantable cell lines are controlled by
SV40 viral gcnc function(s) or simply by sclec-
tion of cells during in \, Ivo passage. In either
case, the prcsent results o1T this experimental
system provide evidence that a change in the
cell surface is an important event leading to
neoplasia.

mice.
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