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Correlation Between Lipid Synthesis in Tumor Cells and

Their Sensitivity to Humoral Immune Attack

Abstract. Prolonged incubation of two antigenically distinct, chemically induced
guinea pig hepatomas with relatively high concentrations of chemotherapeutic drugs
or metabolic inhibitors increases their susceptibility to killing by antibody and com-
plement. This effect is reversible when the cells are cultured in the absence of the
drugs. The drug-induced sensitivity and the ability of the cells to recover their resist-
ance to killing are directly correlated to their ability to synthesize complex lipids.

Most nucleated cells are more resist-
ant than nonnucleated cells to killing by
antibody and complement (/). Different
nucleated cells also differ in their suscep-
tibility to immune Kkilling. Susceptibility
or resistance of nucleated cells to killing
could not be explained by differences in
antigen concentration on the cell surface
@, 3), by the mobility of antigen on the
cell surface (4), by the immunoglobulin
class used to sensitize the cells (I), or by
the amount of early acting complement
components fixed to the cell (I, 2, 5).
Some resistant nucleated cells, however,
become susceptible to Kkilling at certain
stages in their cell cycle (6), or can be
rendered susceptible to immune attack
by treatment with certain metabolic in-
hibitors and chemotherapeutic drugs
used in the treatment of cancer (7). Re-
sistance of nucleated cells to Kkilling by
immune attack mechanisms may be an
intrinsic property of the target cell under
metabolic control. Since the cytotoxic
action of antibody and complement oc-
curs on or in the cell membrane 8), we
were prompted to investigate cellular
metabolic pathways associated with
membrane structure and function which
might be affected by treatments which
increase the sensitivity of tumor cells to
humoral immune attack. In this report,
we present evidence that the ability of
tumor cells-to resist killing by antibody
and complement is related to their ability
to synthesize lipids.
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The ascitic forms of two antigenically
distinct guinea pig hepatomas (line 1 and
line 10) induced by diethylnitrosamine
were collected as previously described
9). These cells are resistant to killing by
specific rabbit antitumor antibodies plus
guinea pig complement (GPC) (3). In ad-
dition, cells of line 10, but not of line 1,
are resistant to killing by rabbit IgM anti-
body to Forssman antigen plus GPC (3).
However, cells of both line 1 and line 10
sensitized either with antibody to specif-
ic tumor antigens or with IgM antibody
to Forssman antigen are susceptible to
killing by human complement (3).

Tumor cells of line 1 and line 10 were
incubated for various lengths of time
with selected metabolic inhibitors and

chemotherapeutic agents (see Fig. 1).
Those drugs effective in increasing sensi-
tivity to Kkilling were used at the lowest
concentrations giving a maximum effect,
whereas the drugs ineffective in increas-
ing sensitivity were used at the highest
concentrations which were not toxic to
the cells (7). Control suspensions were
prepared concurrently consisting of cells
incubated in tissue culture medium
alone. At several time intervals during
the incubation, drug-treated and control
cells were tested for their sensitivity to
killing by antibody and GPC and for their
ability to synthesize DNA, RNA, pro-
tein, and complex carbohydrates (10); in
addition, the cells were tested for their
ability to synthesize complex lipids as
measured by following their incorpora-
tion of fatty acids into extractable cellu-
lar lipids (11).

The data presented in Fig. 1 are the
summary of results obtained with line 1
tumor cells; similar results were ob-
tained with line 10 cells. Increased sus-
ceptibility of the drug-treated tumor
cells to killing by IgM antibody to Forss-
man antigen or antibody to specific
tumor antigens plus GPC as compared to
nondrug-treated cells similarly tested
was noted only after 17 hours of in-
cubation with actinomycin D, adriamy-
cin, mitomycin C, or puromycin (see
Fig. 1A). These drugs will be referred to

s ‘‘effective.”” Cells incubated with 5-
fluorouracil, cytosine arabinoside, cy-
clophosphamide, vincristine sulfate, 6-
mercaptopurine, or hydroxyurea re-
mained resistant to killing at all time in-
tervals tested (see Fig. 1B). These drugs
will be referred to as ‘‘ineffective.’”” Tu-
mor cells which had been incubated 17
hours with the effective drugs, washed
free of drug, and reincubated in drug-free
medium recovered their resistance to
killing by antibody plus GPC within 4
hours in culture (see Fig. 1A). Those

Table 1. Effect of Atromid-S on the macromolecular synthesis and the susceptibility to anti-
body-complement mediated killing of line 1 tumor cells.

Percentage inhibition of incorporation of

Cells stained with
trypan blue (%)

IgM

Concen- .
. ; Antibody
Attr auo%osf* PH|Thy- [HJUn. Clabeled — [*C] toalz“lct)l;.?s(s)?n);n to line 1
romid- midine dine amino Palmitic antigen antigens
acids acid (1:80) plus (1:10) plus
GPC(1:8)  GPCU:®)
Nonet 0 0 0 0 6 1
1 x 10—*M 14 3 34 37 8 3
5 x 107*M 24 19 35 70 34 27
1 X 1073M 56 62 52 68 37 29

*Line 1 cells (5% 10°/ml) were incubated with Atromid-S for 60 minutes at 37°C.

tUntreated control cells

incorporated, in terms of counts per minute, approximately 10,000 [*H]thymidine, 7500 [*H]uridine, 6000 *C-

labeled amino acids, and 25,000 [“C]palmmc acid.
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cells incubated with the ineffective drugs
remained resistant to killing at all time
intervals tested after they were recul-
tured in the absence of drug (see Fig.
1B).

Tumor cells incubated for only 1 hour
with either effective or ineffective drugs
were maximally inhibited (70 to 100 per-
cent) in their ability to synthesize DNA,
RNA, and protein, and in their ability to
incorporate glucose, glucosamine, and
galactosamine (Fig. 1, A and B). The cells
remained maximally inhibited in their in-
corporation of isotopically labeled pre-
cursors into DNA, RNA, protein, or
complex carbohydrate throughout the
entire time course of the experiments,

even after the cells incubated with the ef-
fective drugs had regained their resist-
ance to killing by antibody and com-
plement (Fig. 1A). This indicated that re-
sistance of these cells to killing by
antibody and complement was not di-
rectly dependent upon their ability to
synthesize DNA, RNA, or protein, or on
their ability to incorporate glucose or
amino sugars.

Tumor cells incubated with the ef-
fective drugs were not maximally inhib-
ited (70 percent) in their ability to incor-
porate [*H]fucose and [“C]N-acetyl
neuraminic acid (sialic acid) until after 17
hours of incubation; this corresponded
to the time the cells were increased in

their sensitivity to Killing (Fig. 1A). How-
ever, at no time did the cells regain their
ability to incorporate these labeled com-
pounds even after the cells had regained
their resistance to antibody-complement
mediated killing (Fig. 1A). In addition,
cells incubated with the ineffective drugs
were also inhibited in their incorporation
of these compounds even though the
cells were never rendered susceptible to
killing at any of the time intervals (Fig.
1B). These results indicate that resist-
ance of the tumor cells to killing was not
directly correlated to the incorporation
of fucose or sialic acid; these compounds
are known to label preferentially mem-
brane glycoproteins and glycolipids (12).

Fig. 1. Effect of treatment of line 1 tumor cells
with metabolic inhibitors on the ability of the
cells to synthesize macromolecules and on

)
(===

and for their sensitivity to killing by antibody
and complement. In addition, after 17 hours in
culture with the drugs, the cells were washed
and reincubated at 37°C in drug-free RPMI
1640 plus 20 per cent FCS. One, 4, and 17 hours
later, the cells were tested for their ability to
synthesize macromolecules and for their sensitivity to killing by antibody and complement. The cytotoxicity assays were performed in VBS-gel
(18) and determined as follows: 0.1 ml of cells (106 cell/ml) plus 0.1 ml of IgM antibody to Forssman antigen diluted 1:80 or antibody to line 1 tumor
antigen diluted 1:15 were incubated for 30 minutes at 30°C. The cells were washed two times with VBS-gel; 0.1 ml of GPC diluted 1:8 was added
to the cells, and the mixture was incubated for 60 minutes at 37°C. At this time, 0.1 ml of 0.4 percent trypan blue was added, and the percentage of
cells stained with trypan blue was determined. Controls consisted of cells plus GPC alone and cells plus VBS-gel alone; the viability of control
cells was > 90 percent throughout the experiments. The tumor cells were tested for their ability to synthesize macromolecules as follows: 0.5 ml
of drug treated or untreated cells (5 X 10° cell/ml) were incubated for 60 minutes at 37°C in RPMI 1640 plus 20 percent FCS containing [*H]thy-
midine (20 wc/ml; Amersham/Searle, 24.6 mc/mmole), [*H]uridine (20 wc/ml; Amersham/Searle, 46 c/mmole), [*H]glucosamine hydrochloride
(1 uc/ml; Amersham/Searle, 3 ¢/mmole), [*C]galactosamine hydrochloride (10 uc/ml; Amersham/Searle, 3 mc/mmole), [*H]glucose (12.5 uc/ml;
Amersham/Searle, 20 ¢/mmole), [*H]fucose (20 uc/ml; New England Nuclear, 2780 ¢/mmole), [*C]N-acetyl neuraminic acid (1.25 uc/ml; Amer-
sham/Searle, 214 mc/mmole), [*C]palmitic acid (5 uc/ml; Amersham/Searle, 57.9 mc/mmole), [*C]linoleic acid (3 uc/ml; Amersham/Searle,
61 mc/mmole), or [*C]oleic acid (0.5 uc/ml; New England Nuclear, 810 mc/mmole), or in media deficient in essential amino acids containing
14C-labeled amino acids (20 uc/ml; Schwarz/Mann, approximately 320 mc/mmole, L-arginine, L-lysine, L-valine, L-leucine). The TCA precipitable
activity was measured as described in (/3). All determinations were performed in duplicate. Blanks consisting of medium plus labeled com-
pounds alone were prepared; these values remained at < 50 count/min throughout. The incorporation of the labeled fatty acids into extractable
complex cellular lipids was tested as described in (/). (A) The cells were treated with actinomycin D (similar results were obtained with
adriamycin, puromycin, and mitomycin C). (B) The cells were treated with 5-fluorouracil (similar results were obtained with cyclophosphamide,
cytosine arabinoside, vincristine sulfate, 6-mercaptopurine, and hydroxyurea). Symbols: @, drug-treated cells tested with IgM antibody to
Forssman antigen plus GPC; A, untreated control cells tested with IgM antibody to Forssman antigen plus GPC (a similar pattern of sensitivity to
killing was observed when drug-treated and untreated cells were tested with antibody to line 1 tumor cells plus GPC); O, [*H]thymidine (control
cells incorporated approximately 10,000 count/min); M, [*H]uridine (control cells incorporated approximately 10,000 count/min); OJ, *C-labeled
amino acids (control cells incorporated approximately 5000 count/min); A, [*H]glucosamine hydrochloride (control cells incorporated approxi-
mately 5000 count/min; similar results were obtained with [“C]galactosamine and [*H]glucose); V, [*H]fucose (control cells incorporated
approximately 25,000 count/min; similar results were obtained with [**C]N-acetyl neuraminic acid); <, [**Clpalmitic acid (control cells incor-
porated approximately 50,000 count/min; similar results were obtained with [C]linoleic acid and [**C]oleic ac;id).
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1l 1004 100 their sensitivity to Killing by antibody and
©  ggl pmm o s B e =D |gg B GPC, and the reversibility of these effects.
2 Py FTEE 2 The cells were incubated at 37°C in an atmo-
@ 60 — sphereofair plus 5 percesnt CO, at a density of
s ‘s 5 x 10° cell/ml in RPMI 1640 tissue culture
> L40 = medium plus 20 percent fetal calf serum con-
= 2 taining one of the following compounds: acti-
= 20 ‘® nomycin D [National Cancer Institute (NCI),
= o Cancer Therapy Evaluation Branch, NSC-
= 0 2 3053, 25 ugml]; adriamycin (NCI, NSC-
3 S 123127, 40 ug/ml); mitomycin C (NCI, NSC-
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s 204 20 oo ter 1, 4, and 17 hours in culture with the
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e 0 —0 § their ability to synthesize macromolecules
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In contrast to these data, tumor cells
incubated with the effective drugs were
not maximally inhibited (75 percent) in
their incorporation of fatty acids into
complex cellular lipids until after 17
hours of culture, corresponding to the
time the cells were increased in their sen-
sitivity to Kkilling by antibody and com-
plement (Fig. 1A). Four hours after
washing and reculture in drug-free medi-
um, the cells recovered their ability to in-
corporate fatty acids into complex lipids,
concomitant with the recovery of their
resistance to killing (Fig. 1A). None of
the ineffective drugs inhibited fatty acid
incorporation into cellular lipid at any of
the time intervals (Fig. 1B). In addition,
the inhibition of incorporation of fatty
acids into complex lipids caused by the
effective drugs could not be attributed to
interference in transport of the mole-
cules into the cell (data not presented).
These results indicated a direct correla-
tion between the resistance of the cells to
humoral immune attack and their ability
for complex lipid synthesis.

Physical means of inhibiting macromo-
lecular synthesis were also studied. Line
1 cells heated for 30 minutes at 43°, 44°,
or 45°C were inhibited by 80 to 90 per-
cent in their ability to synthesize DNA,
RNA, and protein; these cells, however,
remained resistant to killing by antibody
plus GPC and were not inhibited in their
ability to incorporate fatty acids into
complex lipid. Furthermore, line 1 cells
x-irradiated with 6000 or 9000 roentgen
were inhibited in DNA, RNA, and pro-
tein synthesis when tested immediately,
6 and 16 hours after irradiation (/3).
However, these cells were rendered sus-
ceptible to antibody-complement medi-
ated killing and were inhibited in fatty
acid incorporation only 6 and 16 hours
after irradiation.

Attempts were made to inhibit lipid
synthesis in line 1 cells without affecting
DNA, RNA, or protein synthesis in or-
der to determine whether these cells
were sensitive to killing by antibody and
GPC. Line 1 cells (5 X 105ml) were in-
cubated for 60 minutes at 37°C with the
antilipidemic drug, Atromid-S (I4). As
shown in Table 1, DNA, RNA, and pro-
tein synthesis of line 1 cells incubated
with 5 X 107*M Atromid-S were inhib-
ited by only 24, 19, and 35 percent, re-
spectively; incorporation of palmitic acid
into complex cellular lipids, however,
was inhibited by 70 percent. These cells
were increased in comparison to un-
treated cells in their sensitivity to killing

by IgM antibody to Forssman antigen or °

antibody to specific tumor antigens plus
GPC (Table 1). At a lower concentration
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(1 x 107*M), the drug inhibited lipid syn-
thesis by only 37 percent and was not ef-
fective in rendering the cells sensitive to
killing; at a higher concentration (1 x
1073M), the drug inhibited DNA, RNA,
and protein synthesis to as great an ex-
tent as lipid synthesis (Table 1).

All modern models of cell membranes
include a central role for lipids as neces-
sary structural and functional com-
ponents (I5). In addition, there is evi-
dence that complement can induce phys-
ical or chemical changes, or both, in the
cell membrane (8, 16). It has been sug-
gested that these changes may be asso-
ciated with the lipid component of the
membrane (/7). The biochemical mecha-
nisms of action of the drugs used in our
studies have been studied extensively,
but little is known regarding the mecha-
nism whereby they increase the sensitiv-
ity of tumor cells to immune attack. Our
present observations indicate that the
metabolic inhibitors and chemothera-
peutic agents used in our experiments
may enhance tumor cell sensitivity to
humoral immune attack by inhibiting
cellular lipid synthesis, but not the syn-
thesis of DNA, RNA, protein, or com-
plex carbohydrates. This suggests that
the resistance of cells to immune at-
tack is related to their ability to synthe-
size lipid. There are several possibilities
whereby this relationship can be ex-
plained: (i) lipid synthesis may serve as a
mechanism to repair damage to the mem-
brane resulting from complement action,
(i)) synthesis of cellular lipids may be
necessary to maintain areas on the cell
surface that can serve as substrates for
complement without disturbing mem-
brane integrity, (iii) the synthesized lip-
ids could be part of anticomplementary
moieties on the cell membrane affecting
the binding or activation of complement
components, or (iv) the synthesized lip-
ids may be exported from the cell and be-
come anticomplementary to fluid phase
complement.

By identifying the particular lipid
moieties that may be essential to the abil-
ity of these tumor cells to resist killing by
antibody and complement, it may be pos-
sible to determine what role lipid syn-
thesis plays in enabling tumor cells to re-
sist immune attack. This may not only
further our understanding of the biology
of tumor cells but could result in more
informed methods of cancer treatment.

SEYMOUR 1. SCHLAGER
SARKIS H. OHANIAN
Laboratory of Immunobiology,
National Cancer Institute,
National Institutes of Health,
Bethesda, Maryland 20014
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Control of a Cell Surface Major Glycoprotein

by Epidermal Growth Factor

Abstract. When the serum concentration of the culture medium is below 0.7 per-
cent, 3T3 mouse cells lose most of their large external transformation sensitive
(LETS) protein at the cell surface. Subsequent addition of epidermal growth factor
results in the reappearance of massive fibrillar LETS protein networks on the surface
of confluent 3T3 cells. Thirteen other hormones tested do not have this effect. It
appears that epidermal growth factor can control the expression of LETS protein.

There is considerable interest in the
large external transformation sensitive
(LETS) protein, which is also known as
cell surface protein (CSP), fibronectin,
or galactoprotein a (/). These proteins

are the only class of cell surface glyco-
protein consistently reduced or absent in
numerous transformed cell lines (2).
There seems to be an inverse correlation
between increase in tumorigenicity and

decrease in the percentage of cells ex-
pressing LETS protein (3), and among 50
tumorigenic lines tested, 45 show signifi-
cant reductions in LETS protein as de-
tected by indirect immunofluorescence
). Furthermore, the addition of LETS
protein can partially restore to trans-
formed cells normal morphology, adhe-
sion, and contact inhibition of movement
(5). Finally, the observation that LETS
protein on the cell surface is altered dur-
ing myogenesis led to the recognition of
the involvement of LETS protein in
myoblast fusion (6).

In attempts to understand the control
of the expression of LETS protein at
the cell surface, previous investigators
showed that cell density (7) and cell-cell
contact (3) are the prime events mediat-
ing its expression. It is only at the stage
of extensive cell contact that massive
fibrillar networks of LETS protein are
formed (3, 8). In most of these experi-
ments, 5 to 10 percent serum was present
in the culture medium, and it was not
generally realized that the serum might
have affected the expression of LETS
protein. While studying the effect of

Fig. 1 (left). (A) Indirect inmunofluorescence of 3T3 cells with LETS protein antiserum. The procedures for inmunofluorescence staining and the
specificity of the antiserum were described previously (3, 6). 3T3 cells at confluency were incubated in Dulbecco’s modified Eagle's medium
containing 0.7 percent calf serum for 2 days. Most of the cells in culture lost LETS protein on the cell surface under these conditions. The

photograph is of a field where LETS protein is most prominent. (B) Phase contrast micrograph of the same field. (Scale bar, 15 um)

Fig. 2

(right). (A) A culture similar to that in Fig. 1, but photographed 30 hours after the addition of EGF (1 ng/ml). (B) Phase contrast micrograph of the

same field. (Scale bar, 15 um)
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