formed there than in the high-tempera-
ture processes discussed here. In the
cooling gas mass over the fires, freshly
formed active carbon particles would
readily scavenge the aromatic hydro-
carbons and would protect them from
photooxidation during extended air
transport. Tropospheric mixing could
account for the relative compositional
uniformity of the sedimentary PAH
fraction and for the fact that its com-
position is independent of that of the
biota and the chemical conditions in
the sedimentary environment.

Therefore, we suggest that natural fires
form, and that air currents disperse,
a complex PAH assemblage that even-
tually accumulates in soils and recent
sediments. This hypothesis is open to
tests, for instance, through the analysis
of air samples or of sediment cores that
predate the industrial revolution.

Our findings have analytical, geo-
chemical, and environmental implica-
tions. The sedimentary PAH fraction
is far more complex than was previ-
ously recognized. In fact, a complete
resolution into individual components
and their quantitative determination is
difficult, if not often impossible (8).
Regardless of the detailed mode of
origin, the sedimentary PAH fraction
may be accompanied by other classes of
organic compounds, equally complex.
This would imply that our present in-
sight into the composition of nonbio-
logical sedimentary organic compounds
may be more limited, and our analyti-
cal capabilities more restricted, than
generally accepted.

Our analyses demonstrate that the
sedimentary PAH fraction contains, in
addition to the already recognized car-
cinogens (benzo[alpyrene and benz-
[alanthracene), other, not previously
recognized carcinogens (dibenzothio-
phene, methylchrysenes, and others)
and a wealth of other polycyclic com-
pounds that may comprise many bio-
logically active compounds. Therefore,
we need to reexamine the environ-
mental toxicology of the sedimentary
PAH fraction. Finally, our interpreta-
tion would imply that carcinogenic and
mutagenic hydrocarbons occurred on
the earth’s surface during geologic time
spans. This raises the question of
whether these compounds might have
contributed significantly to the pro-
cesses of natural selection and muta-
tion, and to the evolution of species.

M. BLUMER

W. W. YounGBLOOD

Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts 02543
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Chemotherapeutic Drugs Increase Killing

of Tumor Cells by Antibody and Complement

Abstract. When the ascitic forms of two antigenically distinct guinea pig hepa-
tomas induced by diethylnitrosamine are treated in vitro with chemotherapeutic
drugs, their sensitivity to killing by xenogeneic antibody plus guinea pig comple-
ment increases. The effect is dependent on drug dose, is reversible, and does not
appear to be due to increased antigen expression or fixation of the early acting

components of guinea pig complement.

The variation in sensitivity of differ-
ent types of nucleated cells to the
cytotoxic action of antibody and com-
plement has generally been ascribed to
differences in antigen concentration (/),
immunoglobulin class (2), source of
complement (3, 4), and phase growth
of cells (5). Data from our laboratory
showed that cells of two antigenically
distinct guinea pig hepatomas induced
by diethylnitrosamine (designated line
1 and line 10) were resistant to
the cytotoxic action of specific rabbit
antibodies to tumor and guinea pig
complement. In addition, cells of line
10, but not of line 1, were resistant to
198 antibody to Forssman antigen and
guinea pig complement. However, both
tumor cell lines sensitized with either
specific antibody to tumor or 19§ anti-

body to Forssman antigen were suscep-

tible to killing by human complement
(4). Variable susceptibility to antibody
and complement could not be ascribed
to differences in antigen concentration,
to antibody class, or to lack of fixation
of C4 (the fourth component of com-
plement) and C3 (4).

We have reported that cells of line
10 could be killed by antibody and
guinea pig complement if the cells were
first treated with actinomycin D, mito-
mycin C, puromycin, or hydroxyurea
(6). Other investigators have shown
that treatment of cultured human
lymphoid cells with puromycin or cyclo-
heximide increased their sensitivity to

HL-A

alloantibody and complement
(7). Actinomycin D was not effective.
We now report that line-1 and line-10
tumor cells can be killed by antibody
and guinea pig complement if the cells
are first treated with drugs used in the
treatment of cancer.

The ascitic forms of line 1 and line
10 were used in our experiments (8).
Ascitic fluids were collected 6 to 8 days
after intraperitoneal injection of 3 X
108 cells. Ascites tumor cells (60 X 108)
were freed of erythrocytes by lysing
them with 5.0 ml of tris-NH,CI(9),
washed twice with barbital-buffered
saline containing 1 g of gelatin (10), and
resuspended in RPMI 1640 containing
15 percent calf serum (11). All centrif-
ugations were at 200g for 5 minutes
at room temperature.

Line-1 or line-10 tumor cells (2.5 X
10%) were added to 5.0 ml of tissue cul-
ture medium (RPMI 1640 containing
15 percent fetal calf serum) containing
one of the following compounds: 3-
fluorouracil (Roche, lot 0776-0843);
cytosine arabinoside (NCI, Cancer
Therapy Evaluation Branch, NSC-
63878); 6-mercaptopurine (NCI, NSC-
755); vincristine sulfate (NCI, NSC-
67674); methotrexate (NCI, NSC740);
cyclophosphamide (Meade Johnson);
adriamycin (NCI, NSC123127); or
azacytidine (NCI, NSC102816). Con-
trol suspensions were prepared concur-
rently with tissue culture medium alone.
After incubation for 17 hours at 37°C
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in an atmosphere of air and 5 percent
CO.,, the cells, in 2.0-ml portions, were
washed three times with 10 ml of
warmed fresh RPMI 1640 containing
15 percent fetal calf serum without
inhibitors, and resuspended to a density
of 108 cells per milliliter of culture
medium.

The method for determining cyto-
toxicity mediated by antibody and com-
plement has been described (4). A drug
was considered effective if the sensitivity
of the drug-treated cells to killing by
antibody plus complement was twofold
or more higher than that of the un-
treated cells. The guinea pig comple-
ment used here had from 180 to 200
CH;, (hemolytic complement, 50 per-
cent effective) units per milliliter as deter-
mined by the method described in (10).

Increased susceptibility of line-10
tumor cells to cytotoxicity mediated by
antibody plus guinea pig complement
as compared to control cells cultured
in medium free of drugs was noted
after prior incubation of the cells with
adriamycin, vincristine sulfate, and
azacytidine (Table 1). Cells treated
with cyclophosphamide, 5-fluorouracil,
and 6-mercaptopurine showed a lesser
degree of sensitivity, while cytosine
arabinoside-treated cells were essentially
resistant. Different preparations of line-
10 cells were not equally susceptible
after treatment with the same drugs.
This is illustrated by comparing the
results of tumor cells treated with
methotrexate or azacytidine. Line-10
cells that were resistant to Kkilling by
antibody plus guinea pig complement

after treatment with the indicated doses
of the drugs remained resistant even
after treatment with higher concentra-
tions of these drugs.

Two different preparations of line-1
tumor cells treated with adriamycin,
azacytidine, S-fluorouracil, methotrex-
ate, or 6-mercaptopurine were ren-
dered more susceptible than untreated
cells to killing by antibody to Forssman
antigen plus guinea pig complement,
while cells treated with vincristine,
cytosine arabinoside, or cyclophospha-
mide showed little or no increase in
susceptibility. Cells treated with adria-
mycin were susceptible to Kkilling
by antibody to line 1 plus guinea
pig complement in both experiments,
while azacytidine and methotrexate
were effective with cells used in experi-

Table 1. Effect of chemotherapeutic drugs on the killing of line-1 and line-10 tumor cells by antibody and guinea pig complement. Cells were
cultured for 17 hours at 37°C in the presence or absence of drugs, washed twice with tissue culture medium, and suspended in tissue culture
medium to a density of 10¢ per milliliter. Cytotoxicity was determined as follows: A mixture of 0.1 ml of cells plus 0.1 ml of antibody was
incubated for 30 minutes at 30°C, washed once with 1 ml of warm tissue culture medium; 0.1 ml of guinea pig complement (C) diluted 1/8
was added and the mixture was incubated for 60 minutes at 37°C. At this time 0.1 ml of a 0.4 percent solution of trypan blue was added,
and the mixture was incubated for 60 minutes at 37°C. At this time 0.1 ml of a 0.4 percent solution of trypan blue was added, and the
number of cells stained with trypan blue was determined. In all experiments, more than 90 percent of the initial cell population was recov-
ered. Each experiment was performed with a different fresh preparation of line-10 or line-1 cells; the number of dead cells varied from prep-
aration to preparation (see column headed, Medium alone). Abbreviations: Anti-F, antibody to Forssman antigen; anti-line-1, antibody to
line-1; anti-line-10, antibody to line 10; C, complement.

Treatment Percentage of cells stained with trypan blue
Asent Amount Anti-F (1/2) Anti-F Anti-line-10 Anti-line-10 C Medium
ge (ug/ml)* +C (1/2) (1/20) +C (1/20) alone alone
Line-10 cells, experiment 1
Tissue culture medium 16 13 17 18
Adriamycin 50 46 75 18 15
Vincristine sulfate 20 50 62 26 23
Cytosine arabinoside 100 22 30 20 23
Azacytidine 20 69 62 25 25
Line-10 cells, experiment 2
Methotrexate 500 11 11 0 0
Cyclophosphamide 100 25 29 3 4
5-Fluorouracil 500 18 14 2 3
6-Mercaptopurine 500 11 23 4 4
Line-10 cells, experiment 3
Tissue culture medium 10 9 16 4 6 6
Adriamycin 50 49 16 86 10 19 15
Vincristine sulfate 20 64 14 84 13 15 11
Azacytidine 20 24 8 39 9 8 5
Methotrexate 500 44 11 57 10 10 9
Anti-F (1/100) Anti-F Anti-line-1 Anti-line-1 C Medium
+ C (1/100) (1/30) +C (1/30) alone alone
Line-1 cells, experiment 1
Tissue culture medium 10 1 1 1 0 0
Adriamycin 50 62 0 71 2 1 0
Vincristine sulfate 20 22 0 5 2 1 0
Azacytidine 20 56 1 59 2 2 0
Methotrexate 500 48 1 44 1 0 1
Line-1 cells, experiment 2
Tissue culture medium 26 o1 0 (V]
Adriamycin 50 52 50 0 2
Vincristine sulfate 20 35 0 2 1
Cytosine arabinoside 100 33 1 2 0
Azacytidine - 20 61 7 6 8
Methotrexate 500 54 0 2 0
Cyclophosphamide 100 31 0 0 1
S-Fluorouracil 500 69 1 2 2
6-Mercaptopurine 500 53 2 0 1

* Concentrations used for treating the tumor cells before the addition of antibody plus complement and are the lowest concentrations giving maximum
sensitivity to killing by mediated antibody plus complement,
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ment 1 but not experiment 2. Repeat
studies with the cells of experiment 2
treated with higher concentrations of
methotrexate and azacytidine showed
that the cells were still resistant to
killing. In experiments not shown here,
prior treatment of line-1 cells with
actinomycin D, puromycin, or mito-
mycin C showed increased susceptibility
to tumor-specific antibody plus guinea
pig complement. The data also show
that antibody alone is not sufficient to
kill drug-treated line-1 and line-10 cells.
In experiments not reported here, we
found no killing of drug-treated line-1
cells with antibody to line 10 plus
guinea pig complement and of drug-
treated line-10 cells with antibody to
line 1 plus guinea pig complement
(specificity controls).

Some experiments indicate enhanced
sensitivity of cells to killing mediated
by antibody plus complement after pre-
liminary drug treatment is dependent
on drug dose and is reversed within
several hours by culturing in medium
free of the drugs. Line-10 cells held at
4°C in the presence of the drugs show
little or no increase in sensitivity to
killing by antibody plus guinea pig com-
plement. Preliminary data also indicate
that the effect is not due to an increase
in the number of Forssman or tumor-
specific antigen sites or to increased
fixation of guinea pig C4 and C3 onto
the cell surface. Other investigators
have shown that prior treatment of
tumor cells with various drugs may in-
crease or decrease their absorbing ca-
pacity for transplantation or antiviral
antibody (12).

Others have shown that the presence
of chlorambucil during exposure of
polyoma-transformed hamster cells to
antibody alone decreased the colony-
forming efficiency of these cells (13).
The relation of this observation to ours
is not clear since it is difficult to explain
mechanisms whereby antibodies become
cytotoxic without complement.

The biochemical mechanisms of ac-
tion of the drugs in our experiments
have been studied extensively, but little
is known of how tumor cell destruction
is effected in vivo. These inhibitors may
affect the synthesis of surface areas
susceptible to the attack of terminal
components of complement or reduce
the effectiveness of cell surface repair
mechanisms. Regardless of mechanisms,
the beneficial effect of various drugs
and metabolic inhibitors in the treat-
ment of cancer might be due, in part,
to their ability to increase the suscepti-
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bility of tumor cells to killing by anti-
body plus complement.

Some success has been reported in
treating mouse leukemias with anti-
bodies to which chlorambucil was
coupled (/4). O’Neill and Davies also
reported that injection of melphalan
into mice with EL4 leukemia before
administration of antibody to EL4 re-
sulted in 100 percent of the mice being
free of disease at 150 days (I5). Our
results may furnish a rational explana-
tion for their observations.

MARTIN SEGERLING*
SARK1S H. OHANIAN
TiBOR BORsos
Biology Branch, National Cancer
Institute, Bethesda, Maryland 20014
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Prolactin Receptors in Rat Liver: Possible

Induction by Prolactin

Abstract. A prolactin receptor, present in adult female rat liver, can be induced
in males by estrogen. Hypophysectomy diminished receptor levels in the female
and rendered males unresponsive to estrogen. A renal pituitary implant blunted
the decrease in hypophysectomized females and induced the receptor in hypophy-
sectomized males. The increased receptor level in hypophysectomized males with
a renal pituitary implant was preceded by a sustained elevation of circulating
prolactin. Our observations suggest that prolactin induces its own receptor.

Adult female rat liver membranes
possess a receptor specific for lactogenic
hormones (that is, prolactin, placental
lactogens, and primate growth hor-
mones). Receptor levels are much
lower in male than in female liver
membranes. Estrogen administration to
male rats induced the receptor. A role
for the pituitary was suggested by
the observations that hypophysectomy
greatly decreased the hepatic receptor
in female rats, and rendered males un-
responsive to estrogen (7). In this study
we have examined the role of the pitui-
tary. The data suggest that prolactin
can induce its own receptor in rat liver.

Adult male and female rats weighing

~at 4°C and stored at

180 to 220 g were obtained from Fauna
Breeding Company, Quebec. Animals
were hypophysectomized by the para-
pharyngeal technique. Pituitaries from
animals of comparable size were im-
planted beneath the renal capsule ac-
cording to the schedules noted in the
figure legends.

At the time of killing, animals were
ether-anesthetized and  decapitated.
Blood, obtained from the cervical
wound, was allowed to clot at 4°C.
Serum was collected by centrifugation
—20°C. The
methods employed for tissue fractiona-
tion, membrane preparation, the iodi-
nation of human growth hormone
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