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ABSTRACT
Hereditary cutaneous malignant melanoma (I IC'MM) is an autosomal

dominant disease and develops mostly in patients with the hereditary
dysplastic nevus syndrome (DNS). A previous study from this laboratory
showed that fibroblasts derived from skin biopsies of four HCMM/DNS
patients and one DNS patient were significantly more sensitive to the
cytotoxic and mutagenic effects of 4-nitroquinoline 1-oxide (4-NQO)
than three fibroblast cell lines from normal newborn males and one from
a 45-yr-old normal donor. The survival curves of the HCMM/DNS or
DNS cell lines fell into two groups, one with a slope approximately twice
as steep as the controls and one with a slope approximately 3 times as
steep. This marked difference in survival curves disappeared if the same
cell lines were exposed to 4-hydroxyaminoquinoline 1-oxide, a partially
reduced metabolite of the parent compound, suggesting that the difference
in sensitivity reflected a difference in the cells' ability to metabolize the

parent compound into a more reactive form. To see if such increased
sensitivity to the cytotoxic effect of 4-NQO was an identifying character
istic of cells from HCMM/DNS and DNS patients and whether cells
derived from unaffected members of such families were also more sensi
tive to 4-NQO than the controls, the survival curves of a series of 40
coded cell lines, derived from patients, family members, or normal donors
of various ages, were compared in a blind study. The slopes of the survival
curves of all the HCMM/DNS and DNS cell lines proved to be 2- to 3-
fold steeper than those of the four previously studied control cell lines,
bringing the total to nine of nine and eight of eight, respectively. Ten of
the 28 coded cell lines from nonaffected family members or normal, age-
matched donors proved to be as resistant as the four previously studied
control cell lines and another foreskin-derived control cell line, bringing
the total of relatively resistant cell lines to IS of 33. However, the rest
were just as sensitive as the cells from the patients. Mutagenesis studies
showed that increased sensitivity to killing by 4-NQO was accompanied
by increased sensitivity to mutation induction. Relatively sensitive and
relatively resistant cell lines were treated with tritiated 4-NQO and
assayed for survival and for the number of 4-NQO residues bound to
DNA. The relationship between the number of adducts formed and cell
survival was linear, with the relatively sensitive cell lines exhibiting the
higher level of residues. These results indicate that the increased sensi
tivity to the killing effect of 4-NQO is not specific to HCMM/DNS or
DNS patients, but that the observed increased sensitivity reflects an
increased ability to metabolize 4-NQO into a form that binds to DNA.

INTRODUCTION
IK MM' is an autosomal dominant disease (1) and develops

mostly in patients with the hereditary DNS, a distinctive clini-
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copathological precursor state (2). As in sporadic cutaneous
malignant melanoma, sunlight has been a leading candidate
among potential environmental causes of hereditary cutaneous
malignant melanoma, but convincing evidence for a direct role
is lacking (3). EpidemiolÃ³gica! studies indicate that the role of
UV radiation in melanoma Carcinogenesis is a complex one,
not a direct one as it is for the other forms of skin cancer, but
evidence linking melanoma to other environmental agents is
limited and only suggestive (4). The fact that DNS underlies
most cases of HCMM and identifies those who are at greater
risk of developing melanoma stimulated Howell et al. (5) to
explore the possibility that, as with xeroderma pigmentosum
patients (6, 7), cells from such persons inherit a predisposition
to mutations induced by environmental carcinogens. Howell et
al. (5) showed that the slopes of the 4-NQO survival curves of

fibroblasts from two HCMM/DNS patients, 3012T and 3072T,
were, respectively, 2- or 3-fold steeper than that of the three
foreskin-derived normal cell lines, NFSL70, NFSL68, and
NFS 12. These HCMM/DNS cell lines also were significantly
more sensitive to the mutagenic effect of 4-NQO than were
control cells. Howell et al. (5) tested two HCMM/DNS cell
lines (2605T and 2809T) and a DNS cell line (305IT), along
with a cell line derived from a 45-yr-old normal donor (VE45).
The three HCMM/DNS or DNS cell lines were just as sensitive
as either 3012T or 3072T cells; VE45 cells were as resistant as
the foreskin-derived normal cell lines.

These results suggested that abnormal sensitivity to the cy
totoxic effect of 4-NQO might be an identifying characteristic,
specific to fibroblasts from HCMM/DNS or DNS patients and
perhaps also characteristic of cells from certain of their unaf
fected family members. If so, the sensitivity might be of use in
predicting the chance of developing these conditions. Therefore,
40 additional human fibroblast cell lines were obtained coded
from the National Cancer Institute. A blind study of 4-NQO
sensitivity was undertaken to determine if this was the case.
Studies to determine whether the increased sensitivity to 4
NQO reflected increased ability to metabolize the carcinogen
into a form capable of binding covalently to DNA were also
carried out. When the code was broken, the results showed that
all the HCMM/DNS or DNS cell lines tested were as sensitive
as those studied previously (5), and ~50% of the cell lines
derived from unaffected members of HCMM families also
proved sensitive. However, cells from ~50% of the normal
donors were sensitive. This increased sensitivity was shown to
reflect increased DNA adduct formation.

MATERIALS AND METHODS

Cells and Cell Culture. Coded fibroblast cell lines derived from skin
biopsies of affected and nonaffected members of HCMM/DNS fami
lies, as well as normal donors, including spouses of such patients, were
obtained from the Environmental EpidemiologyBranch of the National
Cancer Institute. Fibroblast cell lines designated NFSL66, NFSL68,
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NFSL70, and NFS 12 were initiated in this laboratory from foreskin
material of apparently normal newborns, as described (8). The cell line,
VE45, derived from a skin biopsy of a 45-yr-old normal male, was
obtained from C. C. Chang. All cells were between passages 8 and 20
from initiation when used. The cloning efficiencies of 35 of the 40
coded cell lines studied ranged from 30% to 79%. Five cell lines (l 722T,
2995T, 3066T, 3191T, and 3248T) cloned with efficiencies between
10% and 15%. The cells were routinely cultured at 37Â°Cin a humidified
atmosphere (5% CO: in air) in Ham's F-10 medium with additional

NaHCO3 to bring the level to 2.2 g/liter. The medium was supple
mented with 10% fetal bovine serum (Grand Island Biological Co.,
Grand Island, NY) and antibiotics (culture medium). For selection of
TG-resistant cells, this modified Ham's F-10 medium was deprived of

hypoxanthine and supplemented with 40 MMTG. In some experiments,
the modified Ham's F-10 lacking hypoxanthine was also used for

routine cell culturing and for cytotoxicity studies.
Treatment of Cells with 4-NQO. Unlabeled 4-NQO was obtained

from the National Cancer Institute Carcinogenesis Research Program
and stored as a solid at -20Â°C. Stock solutions of 4-NQO (80 or 400
Â»M)were prepared in absolute ethanol and also stored at â€”20'C.

Generally trinateci 4-NQO (specific activity, 204.1 mCi/mmol) was
purchased from Chemsyn Science Laboratory (Lenexa, KS). A stock
solution of tritium-labeled 4-NQO (317 Â¿tM)was prepared in ethanol
and stored at -20Â°C. For treating cells with 4-NQO, the medium was
exchanged for serum-free Ham's F-10 medium containing hypoxan
thine and the designated final concentration of labeled or unlabeled 4-
NQO which had been added from the stock solutions. Unless otherwise
indicated, cells were exposed to 4-NQO for l h at 37Â°Cin a CO2

incubator.
Cytotoxicity Assay. Cytotoxicity was determined from the loss of

colony-forming ability. Unless otherwise indicated, the cells to be tested
were in exponential growth at the time they were dislodged with trypsin
and plated into a series of 100-mm-diameter dishes at several different
densities so as to obtain at least one set of 4 to 6 dishes in which the
number of colonies ranged from 20 to 40 per dish. The cells to be
treated at low density were allowed 9 to 12 h after plating before being
exposed to 4-NQO for 1 h. In the experiments in which the cells were
treated at high cell densities, e.g., binding or mutagenesis studies, cells
in exponential growth were plated at the designated densities, allowed
9 to 12 h to attach and recover, exposed to 4-NQO for 1.5 to 2.5 h,
and then plated at low cloning densities to determine survival (8). The
longer exposure time was used because of the increased cell density.

Mutagenicity Assay. Cells in exponential growth were plated in 150-
mm-diameter dishes at a density of 3.4 x 103/cm2 (5 x IO5cells/dish).

The number of dishes used was determined by the expected degree of
cell killing in order to have at least IO6 surviving target cells for each
concentration of 4-NQO tested, as well as for the solvent-treated
control. An extra series of 60-mm-diameter culture dishes containing
cells plated at the same density as the larger dishes accompanied each
dose. One of these was used to assay the surviving fraction of cells
following exposure to 4-NQO. The rest were used to estimate the
number of population doublings by electron cell counting during the
expression period.

The treated and untreated populations were maintained in exponen
tial growth during the expression period. At the end of 8 to 9 days, the
cells were pooled, and 1 to 2 x 10'' cells per dose were plated into a
series of 100-mm-diameter dishes in selection medium at 450 cells/cm2
to select for TG-resistant cells. The cloning efficiency of the cells in
nonselective medium was also assayed by plating cells at low cloning
density, and this information was used in determining the mutant
frequencies as described (8).

Measuring the Number of Covalently Bound 4-NQO Residues. Cells
plated into 150-mm-diameter dishes at the designated densities were
treated with tritiated 4-NQO as described above. To conserve labeled
compound, the volume of serum-free medium containing 4-NQO was
only 10 ml instead of the usual 25 ml. At the end of the designated
exposure period, the medium was removed, the cells were washed with
phosphate-buffered saline, and 6 to 7 ml of serum-free medium per
dish were added to facilitate scraping off the cells with a rubber
policeman. The cells were pelleted and resuspended as single cells in

DNA lysing buffer (0.05 M Tris-0.01 M EDTA-0.10 M NaCl, pH 8.0).
Sodium lauryl sarcosine (0.5%) and proteinase K (100 Mg/ml) were
added, and the suspension was incubated overnight at 6()"C. The protein

was extracted with Kirby phenol-chloroform solution. The DNA was
then precipitated with cold ethanol, resuspended in the DNA lysing
buffer, and treated with pancreatic RNase (50 jig/ml) and TI RNase
(25 units/ml) for 2 h at 37Â°Cto digest RNA. The DNA was again

extracted with the Kirby phenol-chloroform solution and then with
chloroform alone. After ethanol precipitation, the DNA was pelleted,
allowed to dry, and dissolved in water. The DNA concentration was
determined from the absorbance at 260 nm. Radioactivity was deter
mined with a Beckman scintillation counter. The number of 4-NQO
residues covalently bound to DNA was calculated from the amount of
DNA and the specific activity (9).

RESULTS

Preliminary Studies. Before comparing the large series of
coded cell lines for sensitivity to the killing action of 4-NQO,
we determined the cloning efficiency of each cell line and used
the information to judge the approximate number of cells to
plate for each dose in the more detailed //; situ cytotoxicity
experiments. In the same preliminary assays, we estimated the
general range of sensitivity to 4-NQO of each cell line by plating
200,500, and 1000 cells per dish, four dishes per determination,
and treating them for 1 h with 4-NQO at 150, 300, and 450
HM. The results of these preliminary assays, although merely
suggestive, were used to separate the various cell lines tenta
tively into three groups: very sensitive; sensitive; and apparently
normal. This allowed us to make a more reasoned choice of
concentrations to be used when, in subsequent very large in situ
cytotoxicity experiments, we carried out detailed comparative
studies of the relative sensitivity of the various cell lines.

Since 4-NQO requires cellular activation (10-12), and the
large scale comparative study would involve working with a
large number of coded cell lines all at one time, comparing
them against one another and against several known control
cell lines, seeding the cells at low density into multiple dishes,
and exposing them in situ to various concentrations of 4-NQO,
we first determined what effect the state of growth of the
population at the time of plating and of the length of time the
plated cells were allowed to become acclimated before being
treated had on their ability to metabolize 4-NQO into a cyto-
toxic agent. We also determined the effect of the length of the
exposure to 4-NQO. The results are shown in Fig. 1. Cells
taken from confluence and treated 6 to 9 h after plating were
more sensitive than cells taken from exponential growth or cells
treated 12 or more h after being plated from confluence (Fig.
1/4). This dependence of cytotoxicity on the length of time
postseeding was not as pronounced when the target cells were

TIME POST SEEDING LENGTH OF TREATMENT
(hr) (mm)

â€ž0 6 12 18 24 0 30 60 90

> 60
ir 40

:B

\

Fig. 1. Cytotoxicity of 4-NQO as a function of the physiological state of the
cells at the time of seeding and the length of time between cell seeding and
treatment (A) and of the length of the exposure to 4-NQO (B). NFSL70 cells
taken from cultures in exponential growth (D) or from cultures that had reached
confluence 2 days earlier (â€¢)were plated into a series of 100-mm-diameter dishes
at cloning densities. The cells were treated with 4-NQO (400 DM) for 60 min at
the designated time postseeding (A) or for the designated number of min 18 h
after being seeded at low density (li). The cloning efficiencies of the control cells
ranged from 54 to 75%. Lines fitted by eye.
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taken from exponential growth. As expected, from our studies
with other nitrocompounds (9), the degree of cell killing de
pended upon the length of exposure to the carcinogen (Fig.
IB). Therefore, in the large-scale comparative studies to be
described below, great care was taken to ensure that the various
coded cell lines were in exponential growth at the time they
were trypsinized and plated at low densities for cytotoxicity
studies. The cells were exposed to 4-NQO for 60 min, 9 to 12
h after they had been plated at low density. These precautions
were essential to obtain reproducible survival curves with this
carcinogen which requires cellular activation.

Sensitivity of Cells to the Cytotoxic Effect of 4-NQO- Using
a range of concentrations of 4-NQO, the survival of 40 coded
cell lines, as well as an additional foreskin-derived cell line
isolated in this laboratory, NFSL66, was compared with that
of NFSL70 cells, the "standard" control cell line used in the

earlier study (5), or in one case, with NFSL68 cells. The data
shown in Figs. 2 to 4 are representative of the results obtained.
Most of the cell lines were tested at least twice. They fell
roughly into four groups: very sensitive (DÃ•O,125 to 150 nM);
sensitive (Dio, 225 to 275 nM); resistant (D,0, 250 to 400 nM);
and more resistant (CÃo,450 to 550 nM). At the end of the
study when the code was broken, we found that five of the
coded cell lines had been derived from HCMM/DNS patients
(i.e., 2599T, 3065T, 3076T, 3190T, and 319IT), and seven
were from DNS patients (i.e., 3044T, 3046T, 3063T, 3066T,
3067T, 3069T, and 3073T). Each of these 12 cell lines fell into
the category of very sensitive or sensitive, just as had the four
HCMM/DNS cell lines and the DNS cell line studied by Howell
et al. (5). That is, the slopes of their survival curves were 2 to 3
times steeper than the slope of the more resistant controls.
However, as can be seen in Figs. 2 to 4, cell lines from some
nonaffected family members and some normal donors also
proved to be just as sensitive as the cells derived from affected
members. Table 1 shows the distribution into the four categories
of the 40 coded cell lines, along with the ten cell lines studied
previously (5).
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Fig. 3. Comparing the cytotoxicity of 4-NQO in a series of coded cell lines.

The experimental conditions were described in the legend to Fig. 3. In A, U,
NFSL68; A, 2602T; â€¢,DNS 3063T; Â»,HCMM/DNS 3076T; Â».DNS 3046T;
A, DNS 3069T. In A, O, NFSL70; â€¢.HCMM/DNS 2599T; 0,1722T; A, 1874T.
In C, O, NFSL70; â€¢DNS 3066T; 0, 3050T; A, HCMM/DNS 2809T; â€¢,3557T;
A, DNS 3044T; G, 307IT. Lines fitted by eye.
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Fig. 4. Comparing the cytotoxicity of 4-NQO in a series of coded cell lines.
See Fig. 3 for experimental detail. In A, O, NFSL70; â€¢,2567T; â€¢.2585T; D,
3216T. In B, O, NFSL70; â€¢HCMM/DNS 3190T; D, HCMM/DNS 3191T. In
C, O, NFSL70; Â»,NFSL66; A, 2032T; 0, 2565T; â€¢.2583T; D, 3673T. Lines
fitted by eye.
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200 600 Table 1 Distributionof cell lineson the basisof degreeof sensitivityto 4-NQO-
inducedcytotoxicily

Source of cell lines

Unaffected
HCMM/DNS DNS family Normal

Degree of sensitivity patients patients members donors"

Very sensitive (Dio=125-ISOnM)Sensitive

(D,0 =225-275
nM)Resistant

(D|0 =350-400
nM)More

resistant (/>,â€ž=450-550
nM)Total

tested(includingthose
in Ref. 5)3600953008142297(3)6(6)4

(2);(1)7

(3);(3)24

Fig. 2. Comparing the cytotoxicity of 4-NQO in a series of coded cell lines.
The lines in a given panel were compared simultaneously in the same experiment,
and NFSL70 cells (O) were always included as a control. The cells were taken
from cultures in exponential growth, plated at cloning densities, and treated with
4-NQO for 60 min, 9 to 12 h after being plated. In A, O, NFSL70; T, DNS
3046T; â€¢HCMM/DNS 3065T; A, DNS 3067T; Â»,DNS 3069T. In B, O,
NFSL70; C, VE45; D, 1346T; C, 1283T. In C, O, NFSL70; V, 3047T; Â»,
HCMM/DNS 3076T; D, 3068T; â€¢.DNS 3063T. Lines fitted by eye.

" The number in the first set of parentheses indicates how many of these cell

lines were derived from spouses of members of HCMM families; that in the
second set of parentheses indicates the number derived from neonatal foreskin
material.

These survival results indicated that it would not be possible
to determine if a particular cell line were derived from an
HCMM/DNS or a DNS patient simply by measuring its rela
tive sensitivity to killing by 4-NQO. Nor would it be possible
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to predict from 4-NQO survival curves which members of an
HCMM family are at abnormal risk of developing melanoma
of the skin. However, it was of interest to find out if cell lines
that were very sensitive to cell killing by 4-NQO were equally
sensitive to its mutagenic effect and to see if increased sensitivity
to 4-NQO correlated with increased levels of DNA binding by
this agent.

Sensitivity of Cells to the Mutagenic Effect of 4-NQO. Two
cell lines with particularly high cloning efficiencies, one very
sensitive, 3557T, and one slightly less sensitive, 3067T, were
also tested for their sensitivity to the mutagenic effect of 4-
NQO (Fig. 5), and the results were compared to those obtained
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Fig. 5. Sensitivity of coded cell lines to the cytotoxic and mutagenic effect of
4-NQO. Cells in exponential growth (â€¢.3557T; A, DNS 3067T; â€¢,NFSL70)
were plated into a series of 150-mm-diameter dishes at a density of 3.5 x IO3
cells/cm2 and treated with 4-NQO for 2 h, 10 h after being plated. The total
volume per dish was 25 ml. Cytotoxicity was determined from cells treated in 60-
mm-diameter dishes under equivalent conditions and then plated at cloning
densities. The frequency of the TG-resistant cells has been corrected for the
cloning efficiency of the cells at the time of selection after 8 days of expression.
These values were 38 to 43% for 3557T, 58 and 76% for 3067T, and 48 to 71%
for NFSL70 cells. The background frequency of TG-resistant cells in the untreated
population (11 x ÃŒ0~*for 3557T, 44 x IO"6 for 3067T, and 12 x IO"6 for

NFSL70 cells) has been subtracted for the purpose of comparison. The lines
represent the slope of the data obtained previously by Howell et al. (5). ,
HCMM/DNS 3072T cells; , HCMM/DNS 3012T cells; ,NFSL70and
NFS 12 cells.
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Fig. 6. Cytotoxicity of 4-HAQO in normal (O and Â»,NFSL70) and HCMM/
DNS cell lines (A, 3012T; â€¢3072T). The data designated by closed symbols were
obtained in the same experiment; those designated by the open circles were
obtained in a separate experiment. The cells were plated at cloning densities, and
after 10 h, they were treated with 4-HAQO for 2 h. The cloning efficiencies of
the untreated cells were NFSL70, 67% and 74%; 3012T, 50%; and 3072T, 76%.
Line fitted by eye.

previously (5) with HCMM/DNS cell lines 3012T and 3072T.
For the sake of comparison, the lines drawn in Fig. 5 are from
that previous study. Cell line 3557T is from a normal donor (a
spouse); 3067T is from a DNS patient. The results indicate
that the degree of sensitivity to mutation induction by 4-NQO
is highly correlated with sensitivity to its cytotoxic effect, but
is not restricted to HCMM patients or family members.

Evidence of Differences in Metabolic Activation of 4-NQO.
We tested two HCMM/DNS cell lines, 3012T and 3072T,
which Howell et al. (5) showed were significantly more sensitive
to 4-NQO than NFSL70 for their sensitivity to 4-HAQO, a
partially reduced intermediate metabolite of 4-NQO. As shown
in Fig. 6, the very significant differences in the slopes of the 4-
NQO survival curves of these HCMM/DNS cell lines compared
to normal cells disappeared when they were treated with 4-
HAQO.

Relationship between the Number of 4-NQO Adducts Formed
and Sensitivity to Cell Killing. To see if increased sensitivity
reflected increased levels of 4-NQO residues bound to DNA,
we treated cells with tritium-labeled 4-NQO under various
experimental conditions and assayed them for survival and for
the number of 4-NQO DNA adducts formed. Goth-Goldstein
et al. (13) showed that, with Chinese hamster ovary cells treated
in suspension, cell density plays a critical role in 4-NQO cyto
toxicity. Therefore, before undertaking studies with radiola-
beled 4-NQO, we measured survival as a function of cell density
at the time of 4-NQO treatment (Fig. 7). As reported by these
investigators (13), cells treated at the higher densities were
significantly less sensitive than those treated at lower densities.
The results in Fig. 7 predicted that cells treated at higher density
would contain lower numbers of 4-NQO-DNA adducts. This
prediction was confirmed by the survival and binding studies
shown in Fig. 8. The combined data in A to C show that the
differences in sensitivity of various cell lines treated under
various conditions were directly related to the number of 4-
NQO residues bound to DNA. The NFSL70 cell exhibiting
18% survival in A (solid circle) had 42 residues bound per IO6

DNA nucleotides (Q, and the HCMM/DNS cell line 3065T
that showed 3% survival in A (solid square) had 55 residues per
IO6 nucleotides (Q. Similarly, the NFSL68 cells exhibiting a
survival of 37% in B (3.4 x IO3 cells/cm2) had 20 residues per
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Fig. 7. Effect of cell density on the cytotoxicity of 4-NQO. NFSL68 cells were
plated into 100-mm-diameter dishes at the designated densities. Six h later they
were treated for 2.5 h with 10 ml of a 600 nM 4-NQO solution. A series of
untreated control cells were also plated at the same density. At the end of the
exposure, the cells were trypsinized, plated at cloning densities, and assayed for
colony-forming ability. Cell survival was determined by comparing the cloning
efficiency of the treated cells with that of the corresponding untreated control
cells. Curves fitted by eye.

5148

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2432333/cr0480185145.pdf by guest on 19 M

ay 2023



SENSITIVITY OF HCMM CELLS TO 4-NQO AND ADDUCT FORMATION

100

50

It

A : B :

: I3xl03/cm2 ;

i i i i

n i i i i

i i i i
0 400 800 0 400 800 0 20 40 60

4-NQO (nM) 4-NQO RESIDUES
PER IO6NUCLEOTIDES

Fig. 8. Comparison of the cytotoxicity effect of 4-NQO as a function of
concentration (A), of cell density (B), and of the initial number of 4-NQO residues
covalently bound to DNA at the end of the exposure period (C). A, NFSL70 cells
(â€¢)and HCMM/DNS cell line 306ST (â€¢)treated for 95 min at a density of 3.4
x 103/cm2. B, NFSL68 cells (O) treated for 2.5 h at two densities. C, these same

four survival data points plotted as a function of the respective number of residues
bound to DNA, along with survival and binding data from six other sets of cells
exposed for various lengths of time to various concentrations 4-NQO. â€¢,NFSL70
cells; O, NFSL68 cells; â€¢.HCMM/DNS 3065T cells; D, DNS 3067T cells.

IO6nucleotides (Q, whereas the same cell line exhibiting 13.5%
survival in B had 40 residues bound per IO6 nucleotides (C).

The data from the other experiments shown in C support the
conclusion that the sensitivity of various cell lines to killing by
4-NQO is directly related to the number of 4-NQO residues
bound to DNA at the end of the exposure when the cells are
plated at lower density to assay survival.

DISCUSSION

From these studies we conclude that one cannot determine if
a fibroblast cell line has been derived from a patient with
HCMM/DNS or DNS simply by comparing its 4-NQO survival
curve with that of fibroblasts derived from foreskins of normal
neonates. Although 17 of the 17 cell lines derived from
HCMM/DNS and DNS patients that were tested fell into the
category of sensitive or very sensitive, compared to such fore
skin-derived cell lines and an age-matched control cell line
(VE45), fibroblasts derived from several nonaffected family
members and nonrelated normal donors proved equally as
sensitive as those from the patients.

Our data predict that fibroblasts from affected patients will
not be as resistant to 4-NQO cytotoxicity as such foreskin-
derived cells, but finding cells to be sensitive does not indicate
that they are necessarily derived from a person who is affected
or at risk. These results do not disagree with those reported
earlier by Smith et al. (14). Those investigators showed that
HCMM/DNS patient-derived cell lines 3172T, 3190T, and
3248T were very sensitive to 4-NQO (400 IM, 0.3 to 0.5%
survival). Our 4-NQO survival curves for 3172T cells and
3190T cells were very similar to theirs. We did not test 3248T
cells because of their low cloning efficiency in our hands. Smith
et al. (14) also reported survival curves for HCMM/DNS cell
lines 2599T, 3012T, and 3191T which were very similar to
what we found, i.e., our sensitive category (400 ^M, 2.5 to 5%
survival). However, the four normal cell lines used by these
investigators happened to fall in the sensitive range also (Ao,
225 to 275 nM) and, therefore, Smith et al. (14) considered
these latter three HCMM/DNS cell lines to be normally resist
ant or slit-itly more resistant to 4-NQO than normal cells.

Our data from the binding studies in Fig. 8, taken together

with those in Fig. 6 showing that a very sensitive HCMM/DNS
cell line, 3072T, and a sensitive cell line, 3012T, as well as a
resistant normal cell line, NFSL70, all exhibited the same
response to 4-HAQO, strongly support our conclusion that the
differences in sensitivity among the various cell lines reflect
differences in their ability to metabolize the parent compound,
4-NQO, into a form capable of binding to DNA. The observed
increased levels of adduct formation could, of course, reflect
cellular differences in accessibility to DNA because of intrinsic
differences in chromatin structure, but this does not explain the
4-HAQO results. Differences in rates of metabolism or acces
sibility to DNA would be consistent with the conclusion of
Smith et al. (14) that the increased 4-NQO sensitivity of the
three HCMM/DNS cell lines they tested was not the result of
deficient repair of DNA lesions caused by 4-NQO. These in
vestigators did not test their cell lines for the frequency of 4-
NQO-induced adducts as a function of applied concentration.
They did, however, try to assay this indirectly by measuring the
extent of inhibition of DNA synthesis and failed to detect
greater sensitivity in the two HCMM/DNS cell lines that had
proved to be the most sensitive to 4-NQO in cytotoxicity studies
(3072T and 3090T). This failure may reflect the density at
which their cells were treated, i.e., IO4 cells per cm2 for the

inhibition studies. As reported by others (12, 13) and shown in
Figs. 7 and 8.8, the level of 4-NQO binding depends greatly on
density, and binding is decreased and survival is increased
significantly if cells are treated at IO4cells per cm2 rather than
at 5- to 10-fold lower densities. The cells were treated at very
much lower densities (cloning densities) for their survival curves
(14).

We consider it unlikely that the greater sensitivity to 4-NQO
and the higher levels of 4-NQO-DNA adducts observed with
the HCMM/DNS cells resulted from their being more perme
able to the chemical than were the more resistant cell lines.
This is because an individual cell line, treated with a single
concentration of 4-NQO but under various experimental con
ditions, as in Fig. 1 or Fig. 8 or Fig. Kli, exhibited very different
levels of survival and corresponding levels of DNA adducts.

The present data, showing that the observed increased sen
sitivity of HCMM/DNS cells and DNS cells to killing by 4-
NQO reflects an increased level of binding to DNA, explain
why such cells show abnormally high frequencies of mutations
induced by 4-NQO (Fig. 5; Ref. 5). However, increased DNA
adduct formation, most likely reflecting increased ability to
activate nitro compounds, does not explain the abnormally high
frequencies of UV light-induced mutations reported for lym
phocytes derived from such patients (15). Howell et al. (5)
reported earlier that one HCMM/DNS cell line, 3072T, ap
peared to be more sensitive to the cytotoxic and mutagenic
effect of simulated sunlight than a series of three normal cell
lines and another HCMM/DNS cell line (3012T). However, as
noted in the report by Howell et al. (5), the 3072T cells tested
were at late passage when they were assayed for mutations, and
exhibited cloning efficiencies 4-8 times lower than the other
cell lines tested. This low cloning efficiency necessitated the use
of higher correction factors than were used for the other cell
lines. Therefore, we recently reexamined this question, using
3072T cells with much higher cloning efficiencies, and found
they had normal sensitivity to UV-induced cell killing and
mutations to TG resistance (data not shown).

It was not possible to carry out our study using the cells at
risk of developing melanoma. But even if the melanocytes do
not carry out increased activation of this model carcinogen, the
reactive form could be generated by neighboring cells and
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transferred to the melanocytes. But since fibroblasts from some
nonaffected persons were as sensitive to 4-NQO as cells from
the HCMM/DNS and DNS patients, increased ability to acti
vate carcinogens may be a necessary predisposition to the
development of the disease, but it cannot be sufficient. Recently,
Caporaso et al. (16) reported that lymphocytes from affected
members of melanoma-prone families had a significantly higher
frequency of chromosomal abnormalities of all types compared
to pooled controls. No such difference was seen for UV-induced
sister chromatid exchanges. If this chromosome instability were
also characteristic of melanocytes, it could represent another
step in predisposing the development of the disease.
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