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Amphotericin B methyl ester (AME), the chemically modified derivative of amphotericin
B, induced a concentration-dependent growth stimulatory effect on B82 mouse cells as indi-
cated by increased 24- and 72-hour viable cell number, growth rate and DNA and RNA
synthesis. In contrast, AME was not growth promoting toward RAG mouse cells or B82-
RAG somatic cell hybrids, while hybrid cells exhibited the increased AME resistance pattern
of B82 parental cells. A dissociation between the phenotypic expression of growth stimulation
and polyene sensitivity was demonstrated in intraspecific mouse hybrids.

Previous studies have indicated that the structurally modified polyene macrolide antibiotic,
amphotericin B methyl ester (AME)!® is: (a) selectively toxic toward specific human and mouse tumor
cells in comparison with cells derived from normal tissue®; and (b) growth stimulating toward L-M
(mouse) and Vero (monkey) cells.?’ 1In the present study we investigated the effect of genome inter-
action on: (a) the expression of polyene macrolide antibiotic sensitivity in intraspecific mouse hybrids
formed between more resistant B82 cells of normal origin® and sensitive tumor derived RAG cells®;
and (b) the phenotypic expression of AME induced growth stimulation in hybrids formed between

AME responsive B82 and non-responsive RAG parental cells.

Materials and Methods

Polyene Macrolide Antibiotic:

Amphotericin B methyl ester!>®> was synthesized and supplied by Dr. WitoLD MECHLINSKI, Waks-
man Institute of Microbiology, Rutgers University, New Brunswick, N. J. Desired concentrations of
AME were prepared in dimethyl sulfoxide (DMSO) immediately prior to use.

Cell Culture Systems:

The B82 and RAG parental cell lines utilized in this study were of mouse origin. The B82 cell line is
a subline of mouse L fibroblasts which lacks the enzyme thymidine kinase (TK~) and is resistant to
30~300 pg/ml of 5-bromodeoxyuridine®. This cell type was kindly supplied by Dr. RicHARD W. ERBE,
Massachusetts General Hospital, Boston, Mass. The RAG cell line was originally derived from a
cloned population of renal adenocarcinoma cells, lacks the enzyme hypoxanthine-guanine phospho-
ribosyltransferase (HGPRT™) and is resistant to 8-azaguanine®. This cell line was a gift from Dr.
Frank H. RuDDLE, Yale University, New Haven, Conn. B82 and RAG cells were grown at 37°C in
DuLBecco’s modified EAGLE’s minimum essential medium (DMEM) supplemented with 15 9% fetal calf
serum (FCS), non-essential amino acids (NEAA), L-glutamine and 50 xg/ml of gentamicin (Microbiolo-
gical Associates)—referred to as complete growth medium. B82-RAG somatic cell hybrids were formed
by lysolecithin induced fusion” and selected in complete growth medium supplemented with 1 x 10~‘m
hypoxanthine, 4x 10~"M aminopterin and 1.6<10~°M thymidine (DMEM-HAT)® as previously de-
scribed® !, Clones of hybrid cells selected three weeks after fusion and selection in DMEM-HAT were

* Present address: Institute of Cancer Research, Columbia University College of Physicians and Surgeons,
New York, New York 10032, U.S.A.
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confirmed as hybrids by chromosomal analysis and polyacrylamide gel electrophoretic analysis of
lactate dehydrogenase (LDH)*>!®. Both parental (B82 and RAG) and hybrid (B82-RAG) cells were
routinely screened for possible mycoplasmal contamination®.

Cell Viability and Growth Rate Analysis:

Cell survival studies on B82, RAG and B82-RAG (passage 4~12) cells in either the absence or
presence of various concentrations of AME were performed over a 24-hour test period®:**~12. Growth
rates and population-doubling times of control and treated cultures were determined between 24 and
72 hours?®»*~!®, The TCDj, level, the concentration of AME resulting in approximately a 50 % reduction
in viable cell number, as opposed to final control value, was determined after a 72-hour test period for
each cell type®*~1®.  Cell survival, growth rate and TCDs, studies were performed using a minimum
of 3 replicate experiments. Equal numbers of cells (2~4x 10°) in 1 ml of complete growth medium
(containing 109, as opposed to 15% FCS) were inoculated into replicate 30 x 15 mm tissue culture
plates, followed by a single administration of a 10 xl volume of AME to yield: 1~400 xg of AME per
ml. AME was dissolved in DMSO. Ten counts of viable cells were performed on day 0 and 20 (10 per
replicate sample) counts were performed on day 1, 2 and 3 with a haemocytometer and the trypan
blue dye exclusion technique®>*~'%,

Monitoring Membrane Damage by [*!Cr] Release:

Immediate (15~ 60 minutes) and time course (2~ 24 hours) membrane permeability changes induced
by AME in parental and 4th~12th passage hybrid cells were monitored by a modified [*'Cr] release
assay as previously described!»!®*.  Studies were performed a minimum of three times using triplicate
samples. Percentage [*!Cr] release was expressed in relation to freeze-thawed control cultures.

Determination of DNA and RNA Synthesis in the Presence of AME:

Macromolecular synthesis of DNA and RNA in the presence of AME, 1~400 ug/ml was deter-
mined by the amount of labeled precursors, [*H] thymidine or [*H] uridine, incorporated into acid-
insoluble material over a 24-hour (DNA) or 3-hour (RNA) test period as previously described®. The
amount of label incorporated was expressed in relation to DMSO or untreated control cultures.
Triplicate samples for each AME concentration were utilized and experiments were performed a
minimum of three times.

Results

RAG cells were more sensitive than B82 or B82-RAG hybrid cells to immediate (15~ 60 minutes)
and long range (2~ 24 hours) membraned amage as monitored by [*!Cr] release. Approximately a 50%;
release of [*!Cr] resulted after exposure of RAG cells to 150 xg/ml of AME for 15 minutes, whereas
no significant (<8 %) release of [*!Cr] resulted when B82 or B82-RAG hybrid cells were treated with
1~400 pg/ml of AME for 60 minutes. In contrast, 40~400 ug/ml of AME induced a concentration-
dependent release of [*!Cr] from parental and hybrid cells after exposure for 12~24 hours (monitored
at 2-hour intervals), whereas a similar pattern of release as found after 15~ 60 minutes was evident
in all three cell types treated with 40~400 xg/ml of AME for periods <12 hours.

AME was selectively toxic toward RAG cells and was found to be 50 times more toxic toward this
cell type in comparison with B82 or B82-RAG (passage 4~ 10) cells as indicated by 72-hour viability
(TCDso). Approximately a 509 reduction in 72-hour viable cell number resulted when B82 or B82-
RAG cells were exposed to 250 ug/ml of AME, whereas a similar reduction in viable cell number resulted
after 72-hour exposure of RAG cells to 5 ug/ml of AME.

The increased sensitivity of RAG cells to AME was clearly evident after both 24 (Fig. 1) and 72
(Fig. 2) hours. A comparison of the effect of different concentrations of AME on the growth rate
(population doubling time) of parental and hybrid cells again indicated the increased sensitivity of RAG
cells to this polyene antibiotic. AME levels of 5~10 ug/ml resulted in a reduced growth rate of RAG
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Fig. 1. Effect of amphotericin B methyl ester (AME)
on 24-hour survival of B82, RAG and B82-RAG
cells.

Equal number of B82, RAG or B82-RAG cells,
2~4x10%, in replicate 30 15 mm tissue culture

JAN. 1977

Fig. 2. Effect of amphotericin B methyl ester (AME)

on 72-hour growth of B82, RAG and B82-RAG
cells.

Equal number of B82, RAG or B82-RAG cells,
2~4x10%, in replicate 30 x 15 mm tissue culture

plates were either untreated or treated with 1~400
ug/ml of AME added at the initial time of cell plat-
ing (Time 0). Survival is expressed in relation to
untreated or DMSO treated controls (1009%,).

200

plates were either untreated or treated with 1~400
pg/ml of AME (added at the initial time of cell
plating) for 72 hours. Results are expressed as per-
centage of controls (100 %).

200{ 882

i

150

@
o
T

Percentage of survival ( 24 hours)
Percentage of control (72 hours)

L - RAG
toor ¢ B 100} g2
o ) -k,
\ |
L i L i
\ i
!
RAG lI
\
- 1 iRAG
T 50 §
1
\ \
! A
{ i
v “
\ r H
\
v
\ RN
. \

oL i ik RN R -
O 10 20 4060 80100120160 240 320 400
Amphotericin B methyl ester (ug/ml)

0102640 60 80100120 160 240 350 200
Amphotericin B methylester (ug/ml)

cells, whereas >200 pg/ml was required to elicit a similar response in B82 or B82-RAG cells. RAG

cells also differed from B82 and B82-RAG cells in their ability to survive for 24 ~72 hours after a single

exposure to higher concentrations of AME. Total cell death (<19 survival) resulted in 24 ~48 hours

after treatment of RAG cells with >20 ug/ml of AME, whereas B82 and B82-RAG cells survived after

72-hour exposure to 400 xg/ml of AME.

AME induced a pronounced stimulatory effect on B82 cell growth as evidenced by increased 24-
and 72-hour viable cell number, growth rate and incorporation of [*H] thymidine and [*H] uridine into
DNA and RNA respectively. AME concentrations of 40~ 120 ug/ml resulted in a 1.6 ~2.2-fold increase
in 72-hour viable cells in comparison with control cultures. The average population doubling time of
B82 cells was reduced from 28.6+4-2.1 hours (control) to a low of 21.34+0.9 hours after treatment with
40~120 pg/ml of AME. A concentration-dependent increase in both DNA (Fig. 3) and RNA (Fig. 4)
synthesis was also evident after treatment of B82 cells with 40 ~120 xg/ml of AME. In contrast, no stim-
ulatory effect was evident in RAG or hybrid cells treated with 1~400 xg/ml of AME for 24 or 72
hours.

Both parental and hybrid cells were found to be free of mycoplasmal contamination as determined
by tube cultures (1 ~3 weeks) and agar plates (1 ~3 weeks)*.
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Fig. 4. RNA synthesis in B82, RAG and B82-RAG

Fig. 3. DNA synthesis in B82, RAG and B82-RAG cells in the presence of AME.

cells in the presence of AME. [*H] Uridine was added to B82, RAG and B82-

[*H] Thymidine was added to B82, RAG and RAG cell cultures in the presence of 1~400 ug/ml
B82-RAG cell cultures in the presence of 1~400 of AME. Incorporation of the radioactivity into
pg/ml of AME. Incorporation of the radioactivity TCA precipitable RNA after 3 hours was deter-
into TCA precipitable DNA after 24 hours was de- mined.
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Discussion

Somatic cell hybridization has proven to be an extremely useful procedure for investigating the
effect of genome interaction on the expression of diverse properties in eukaryotic cells'*~'®. However,
few studies have been aimed at elucidating the relationship between antibiotic sensitivities in hybrid
cells formed between parental cells exhibiting differential responses to these agents®!%:1">1®).  Studies
in our laboratory?:*:*~11:1" have indicated major differences in the innate sensitivity of eukaryotic
cells to various polyene macrolide antibiotics, including AME. In the present study neither AME sensi-
tivity nor growth stimulation were expressed in early passage B82-RAG intraspecific mouse somatic cell
hybrids. Hybrid cells reflected the increased AME resistance of B82 parental cells, but did not exhibit
growth stimulation as found with B82 parental cells.

Polyene macrolide antibiotic toxicity has most often been equated with membrane permeability
alterations which result from polyene macrolide-cholesterol interactions!*~*». 1In the present study,
AME did not induce significant levels of [*!Cr] release (< 89%) after treatment of B82, RAG or B82-
RAG cells with 1~120 ug/ml for time periods <12 hours, whereas a concentration-dependent release
in [*!Cr] was evident in parental and hybrid cells treated with AME for periods exceeding 12 hours.
In contrast, studies using the parent antibiotic amphotericin B (AB) have demonstrated marked changes
in [*1Cr] permeability after only 15 minutes exposure to 1~3 ug/ml!®. These findings suggest that AME
induced changes in [*'Cr] membrane permeability, unlike those induced by AB, are a consequence of
membrane modifications resulting from extended exposure (> 12 hours) of cells to this agent. It is there-
fore feasible that both AME induced growth stimulation and toxicity may be consequences of the
same phenomenon—polyene macrolide induced changes in membrane permeability.

The ability of diverse agents, including serum?®®, transforming viruses?*»?*> and other mitogenic
substances?®, to stimulate the growth of eukaryotic cells has been found to correlate with an increase
in the transport of low molecular weight nutrients into cells. Growth stimulation does not appear to
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be a random process characteristic of all cells, but a selective process influencing only specific types and
strains of cells?”>. AME appears to be capable of selective action®. It stimulates L-M and Vero cell
growth®, but does not stimulate the growth of other cell types®’**~'. AME (40~120 xg/ml) modu-
lated stimulation of B82 cell growth may therefore occur because B82 cells are transport deficient and
AME mediated permeability alterations facilitate the uptake of small molecular weight nutrients from
the culture medium. The possibility that AME induced growth stimulation results by altering physio-
logical functions of B82 cells, i.e. metabolic stimulation, seems unlikely because: (1) AME is not
universally growth stimulating toward all cell types®»*°*~11; and (2) the major site of polyene macrolide
interaction appears to be the cell membrane specifically sterol(s) (cholesterol) components!®~2%,
Stimulation of cell growth as a result of elimination of fungal or mycoplasmal contamination also seems
unlikely since B82 cells (as well as RAG and B82-RAG) were free of contamination.

The suppression of growth stimulation in B82-RAG hybrids does not appear to correlate with the
loss of specific B82 chromosomes, since chromosome analysis of early passage hybrid cells has demon-
strated the presence of a complete genome equivalent from B82 and RAG cells!®. Total suppression
of the RAG or B82 genotype in hybrid cells can be ruled out for the following reasons: (a) the growth
of hybrid cells in HAT medium, which requires the production of both hypoxanthine-guanine phospho-
ribosyl transferase (B82) and thymidine kinase (RAG); (b) the production of hybrid lactate dehydro-
genase isoenzymes, most likely resulting from B82 and RAG subunit rearrangement in the hybrids®s1?;
and (c) the production of cell surface glycoprotein species of B82 and RAG origin in hybrids?®>. The
mechanism involved in the suppression of AME induced growth stimulation in B82-RAG hybrids may
be a consequence of differences in the surface composition of these cells, specifically the amount, type
or molecular orientation of sterol(s) in the membranes of hybrid cells. Support for this hypothesis comes
from studies by FISHER et al.*® of cell surface glycoproteins from B82-RAG hybrid cells. Electrophoretic
analysis of [*H]-glucosamine labeled surface glycoproteins from B82, RAG and B82-RAG hybrid cells
has indicated alterations in the composition of these membrane components in hybrids.

Cell types of diverse origin have been found to exhibit major differences in sensitivity to
AME?® %% In the present study, RAG cells were 50 fold more sensitive to the cytotoxic effect of
AME than B82 or B82-RAG cells (Figs. 1 and 2). The reason for the innate differential toxicity of
AME toward RAG and B82 cells may be variations in the membrane composition of parental cells
or the ability of cells to repair AME induced membrane modifications. The B82 level of resistance in
B82-RAG cells may indicate that the transport defect of B82 cells, which may be related to membrane
structure, has been corrected as a consequence of B82 and RAG genome interactions. The dissociation
of polyene macrolide antibiotic toxicity and growth stimulation is suggestive of differences in the genetic
regulation of these processes. By using hybrid systems which selectively lose specific chromosomes of
one of the parental cells!*~'® it may ultimately be possible to determine which chromosome(s) are
involved in determining the phenotypic expression of polyene macrolide sensitivity and growth stimu-
lation in eukaryotic cells.
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