two patients with NEC is shown in Fig.
3.

Several in vitro systems, such as pri-
mary human embryonic kidney cells, hu-
man embryonic lung fibroblasts, HEP-2,
Vero, and BHK cells, did not support
the growth of the viral particles. Al-
though attempts have been made to
adapt the virus to a cellular substrate
that can be more easily managed, human
fetal intestinal organ culture appears to
be the only reproducible system at pres-
ent. Treatment of the cultures with tryp-
sin appeared to facilitate the infection,
since the treated cultures gave rise to
higher yields of viral particles, as seen on
electron microscopy, than did untrypsin-
ized cultures.

In tests to date, the two strains isolat-
ed appear to be identical. Immunologic
tests with specific antisera should allow
verification of this finding and enable the
establishment of possible antigenic rela-
tionships with other coronaviruses. Oth-
er workers have reported an association
between coronaviruses and NEC or with
serious gastrointestinal disease in nurs-
ery infants. These reports were based on
observations of virus particles in stools
by electron microscopy or immune elec-
tron microscopy (/9-21). However, at-
tempts to cultivate these particles were
not successful. Our results lend further
credence to the hypothesis of the exis-
tence of a human enteric coronavirus
and suggest an association between
these virus particles and cases of NEC
observed in the Dallas epidemic. Further
study is needed to substantiate this asso-
ciation, and a complete epidemiological
investigation of the outbreak will be re-
ported later.
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Recombinant Vaccinia Virus: Immunization

Against Multiple Pathogens

Abstract. The coding sequences for the hepatitis B virus surface antigen, the
herpes simplex virus glycoprotein D, and the influenza virus hemagglutinin were
inserted into a single vaccinia virus genome. Rabbits inoculated intravenously or
intradermally with this polyvalent vaccinia virus recombinant produced antibodies
reactive to all three authentic foreign antigens. In addition, the feasibility of multiple
rounds of vaccination with recombinant vaccinia virus was demonstrated.
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Laboratory of Immunobiotechnology,
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The ability to introduce endogenous
inactive subgenomic fragments of vac-
cinia virus into infectious progeny virus
by marker rescue techniques (I, 2) sug-
gested that extensions of these protocols
might allow for the insertion of foreign
genetic material into vaccinia virus. This
was initially demonstrated by the inser-
tion and expression of DNA sequences
derived from herpes simplex virus en-
coding thymidine kinase (3, 4). One of
the notable uses of vaccinia virus ex-
pressing foreign genes is the potential
generic approach for the production
of live recombinant vaccines directed
against heterologous pathogens. Exam-
ples of recombinant vaccinia viruses ex-
pressing the hepatitis B virus surface
antigen (HBsAg) (5, 6), the herpes sim-
plex virus glycoprotein D (HSVgD) (5, 7,
8), the influenza virus hemagglutinin
(InfHA) (9, 10), the rabies glycoprotein
(11, 12), the Plasmodium knowlesi spo-
rozoite antigen (I3), and the vesicular
stomatitis virus G protein (/4) have been
described. In all cases, expression of the
foreign gene in vitro was, by all biochem-

ical and biophysical criteria applied, sim-
ilar to, if not identical with, the gene
product synthesized under native condi-
tions. Vaccination of laboratory animals
with recombinant vaccinia produced
antibodies capable of neutralizing the
infectivity of correlate viruses (5, 7, 9,
12, 14), induced specific cytotoxic T-
lymphocytes (12, 15), and, significantly,
protected laboratory animals on subse-
quent challenge with the correlate patho-
gen (5, 7, 10, 12, 14, 16).

An advantage of vaccinia for vaccine
construction is the potential for the in-
sertion of multiple foreign genetic ele-
ments within a single vaccinia virus
genome. Such a polyvalent vaccine
could elicit immunity to a number of
heterologous infectious diseases with a
single inoculation. We report here the
construction of vaccinia virus recombi-
nants expressing multiple foreign genes.
The immunological responses to inocu-
lation obtained with these polyvalent
recombinant vaccinia viruses as well as
data obtained from multiple vaccinations
of laboratory animals are presented.

The modification of a spontaneously
occurring viable deletion mutant (17) of
vaccinia virus to express the 1780-base
pair (bp) complementary DNA (cDNA)
of the RNA segment encoding the InfHA
has been detailed (9). This recombinant
virus, vP53, was used as a substrate for
insertion of the HSVgD coding sequence
(18). The recombinant vaccinia virus,
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vP124, containing both the InfHA and
the HSVgD was used in turn as substrate
for insertion of the HBsAg coding se-
quence, thus generating the triple vac-
cinia virus recombinant vP168 (19). All
three foreign coding sequences were in-
serted at nonessential sites in the vaccin-
ia genome, and transcription of the in-
serted genes was right to left relative to
the vaccinia genome. The HSVgD, the
HBsAg, and the InfHA sequences were
inserted 23.9, 25.1, and 34.1 kilobases
(kb), respectively, from the left terminus
of the vaccinia genome, as referenced, to
the L variant vaccinia genotype (I/7)
(Fig. 1A).

The recombinant vaccinia virus,
vP168, was plaque-purified, amplified to
high titer, and highly purified on sucrose
gradients (20). The DNA was extracted
and cleaved with Hind III or Bam HI

A

H H B B
|

L L
HSV-gDb f-
W p: Inf-HA
HBsAg
% )

Fig. 1. (A) Structure of the vaccinia virus
recombinant harboring the HSVgD, HBsAg,
and InfHA coding sequences. The leftmost 30
kb of the vaccinia S variant genome (I/7)
encompassing the terminal Hind III F, M, K,
and internal F fragments are shown. The
restriction sites identified in Fig. 1A are B
(Bam HI) and H (Hind III). The X denotes the
deletion of approximately 0.6 kb of vaccinia
sequences described in the construction of
pMP62-15 (18). (B) Southern blot hybridiza-
tion analysis of the vaccinia virus recombi-
nant vP168. DNA was extracted from purified
vaccinia virus, digested with restriction endo-
nucleases, and blotted to GeneScreen Plus
after electrophoretic separation of the DNA
fragments on agarose. vP168 DNA was di-
gested with Hind III (lane 2) or with Bam HI
(lane 4 and lanes 6 to 8) and probed with a
mixture (lanes 1 to 5) or single (lanes 6 to 8)
32p_]labeled nick-translated HBsAg, HSVgD,
and InfHA sequences. Purified DNA frag-
ments containing the coding sequences for
HBsAg (lane 1), HSVgD (lane 3), and InfHA
(lane 5) were run as standards. Sizes of the
fragments were obtained with Hind III-
cleaved A DNA as markers.
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restriction endonucleases. The DNA
fragments were separated on agarose,
blotted onto GeneScreen Plus (DuPont)
by the Southern method (21), and probed
with 3?P-labeled nick-translated se-
quences homologous to the foreign genes
(Fig. 1B). Hind III digestion released a
1090-bp fragment (Fig. 1B, lane 2) equiv-
alent in size to a purified HBsAg se-
quence (lane 1) and a 1338-bp fragment
(lane 2) equivalent in size to a purified
HSVgD sequence (lane 3). The third
band in lane 2 represents the internal
vaccinia Hind III F fragment harboring
the InfHA sequences inserted at the
unique Bam HI site (9) (Fig. 1A). The
InfHA sequences, which were excised
from the recombinant vaccinia genome
by Bam HI digestion (lane 4), migrated
to a size of 1780 bp, equivalent to the
size of purified HA sequences (Fig. 1B,
lane 5). With Bam HI digestion the
HSVgD sequences reside within a larger
vaccinia fragment of approximately 4 kb.
HBsAg sequences are contained in the
same 4-kb fragment as well as in a larger
9-kb fragment (Fig. 1A). The results with
a mixed HSVgD, HBsAg, and InfHA
probe (Fig. 1B, lanes 1 to S) were con-
firmed by the use of individual HBsAg,
HSVgD, and InfHA probes (Fig. 1B,
lanes 6 to 8, respectively). The presence
of additional faint bands containing
HSVgD sequences (Fig. 1B, lanes 4 and
7) are due to minor rearrangements of
the vaccinia genome.

The expression in vitro of the InfHA,
HSVgD, and HBsAg genes by the vac-
cinia virus recombinant vP168 was de-
tected by means of serological tests (Fig.
2). BSC-40 cells infected with vP53, con-
taining the InfHA and its engineered
offspring vP124 and vP168, were shown
to express the InfHA by radioim-
munoassay. No radioimmunological re-
activity with antiserum to InfHA was
observed in the cells infected with wild-
type (thymidine-kinase-deficient) vac-
cinia virus, VITK™79. Similar radioim-
munoassays with antiserum to herpes
simplex virus gave positive signals of
HSVgD expression when BSC-40 cells
were infected with the recombinant
vP124 and its engineered offspring
vP168. No serological reactivity was ob-
served when the cells were infected with
either VTK™79 or vP53. When a com-
mercially available radioimmunoassay
was used to detect HBsAg expression,
positive results were obtained with the
vP168 recombinant, whereas no serolog-
ical reactivity was demonstrated with
cells infected with its progenitors vP124
and vP53 or with VTK™79.

Rabbits were inoculated either intra-
venously or intradermally with the vac-

cinia virus recombinant vP168. Serum
samples were obtained weekly and
screened for antibodies to the foreign
antigens (Table 1). Both rabbits respond-
ed by making antibodies to all three of
the foreign antigens synthesized under
vaccinia virus regulation. The intrave-
nous route of inoculation also provides a
criterion for the absence of toxicity in
the preparation of the vaccinia recombi-
nant.

Virus Anti-InfHA Anti-HSVgD Anti-HBsAg
VTK~79 1.3
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Fig. 2. Detection of InfHA, HSVgD, and
HBsAg expression by vaccinia virus recombi-
nants. BSC-40 cells were infected with either
wild-type vaccinia virus, VTK™79, or the
vaccinia virus recombinants containing cod-
ing sequences for the InfHA (vP53), the
InfHA and HSVgD (vP124), or the InfHA,
HSVgD, and HBsAg (vP168). Two days after
infection, the plaques were visualized by neu-
tral red staining. The monolayers were ex-
posed to antiserum to InfHA or to HSV at
room temperature for 1 hour. Unreacted anti-
body was removed by washing in phosphate-
buffered saline, and '*’I-labeled protein A
from Staphylococcus aureus was added as
previously described (9). Unreacted '*’I-la-
beled protein A was removed by washing in
saline. The monolayers were imprinted on
nitrocellulose filters, dried, and radioauto-
graphed. Film densities indicate presence of
antibody-bound '?*I-labeled protein A. Unlike
the InfHA and the HSVgD, which are local-
ized on the infected cell membrane, the
HBsAg synthesized by vaccinia virus is ex-
creted from the infected cells (5). Therefore,
BSC-40-infected cell extracts were prepared
by three cycles of freezing and thawing, and
the presence of HBsAg was detected with a
commercially available radioimmunoassay kit
AUSRIA II (Abbott). The numbers represent
the positive-to-negative ratios (P/N) as de-
fined by the manufacturer. The horizontal
columns represent BSC-40 cells infected with
the wild-type VTK ™79 or the vP53, vP124, or
vP168 recombinant vaccinia viruses. The ver-
tical columns represent radioimmunoassays
of unfixed, infected BSC-40 monolayers in
which antiserum to InfHA or to HSVgD was
used, or the P/N ratio as detected with the
AUSRIA II kit.
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To determine whether a primary vac-
cination precludes revaccination with
vaccinia virus recombinants engineered
to express novel foreign antigens, we
used two approaches. A rabbit inoculat-
ed with a vaccinia virus recombinant
expressing the HBsAg retained high ti-
ters of antibody to HBsAg for more than
1 year (Table 2). Revaccination with
a vaccinia recombinant expressing the
same foreign antigen led to increased
levels of antibodies reactive with the
HBsAg (Table 2, rabbit 488). Revacci-
nation also induced increased antibody
against vaccinia virus. Since the recom-
binant vaccinia harbors the genetic infor-
mation encoding HBsAg, this anamnes-
tic response is compatible with the in-
terpretation that additional HBsAg was
synthesized during replication of the
recombinant vaccinia virus on revacci-
nation. Direct evidence for the induction
of antibodies reactive to a foreign anti-
gen on revaccination of a previously
immune animal was obtained as follows.
A rabbit was inoculated initially with a
vaccinia virus recombinant expressing
the HBsAg (Table 2, rabbit 517). Anti-
bodies to HBsAg persisted at high titer
for a year beyond the initial inoculation,
at which time the same rabbit was revac-
cinated with a vaccinia virus recombi-
nant expressing the InfHA instead of the
HBsAg. As expected, this revaccination
had essentially no effect on the titer of
antibodies to HBsAg. However, InfHA
antibodies were detectable in the serum
after the rabbit was revaccinated with
the novel vaccinia virus recombinant ex-
pressing the InfHA.

Genetically engineered vaccinia virus
harboring foreign genes encoding perti-
nent vaccine antigens can be used to
immunize against a variety of foreign
pathogens. Recombinant vaccinia virus
can be used in a revaccination schedule
either to give a booster effect or to elicit
an immunological response to a different
foreign antigen, even when there is al-
ready an immune response to vaccinia.
In addition, one may elicit immunity
against multiple foreign pathogens by
constructing engineered vaccinia virus
harboring coding sequences of multiple
foreign antigens. Thus, a single vaccina-
tion would serve to immunize against
various heterologous pathogens. The
ability of the virus to accept large quanti-
ties of foreign DNA makes the construc-
tion of polyvalent recombinant vaccinia
viruses possible. Indeed, as much as 20
(9) to 25 kb (22) of foreign DNA can be
stably inserted into vaccinia virus vec-
tors. Additional space for the insertion of
foreign DNA can be obtained by using
defined viable deletion mutants of the
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virus. One can readily think of polyva-
lent vaccinia virus vaccines genetically
engineered to express foreign genetic
information encoding several dozen anti-
gens. Whether the immunological sys-
tem could respond adequately to such an
intrusion remains to be established. Nev-
ertheless, as we have shown in this re-
port, animals respond to at least three
novel foreign antigens even in the pres-

ence of the several hundred endogenous
vaccinia antigens that are produced on
vaccinia infection. Polyvalent vaccinia-
vectored vaccines would be useful in
circumstances in which multiple sero-
types of a given pathogen need to be
considered—for example, in the con-
struction of a veterinary vaccine directed
against foot-and-mouth disease. The use
of polyvalent recombinant vaccinia virus

Table 1. Immunological response to vaccination with a recombinant vaccinia expressing
multiple foreign genes. Rabbits were inoculated with 5 x 107 plaque-forming units in 0.5 ml
either intravenously (rabbit 257) or intradermally (rabbit 288) with a vaccinia recombinant
expressing the HBsAg, HSVgD, and InfHA genes, and the immunological response was
followed. Sera were tested for antibodies to HBsAg with the commercially available AUSAB
radioimmunoassay (RIA) kit (Abbott); titers are expressed in RIA units per milliliter of serum as
defined by the manufacturer. Antibodies to InfHA were measured by hemagglutination inhibi-
tion tests performed with chicken erythrocytes and four hemagglutinin units. The reciprocal of
serum dilution is indicated. Plaque-reduction assays monitoring reduction of HSV or vaccinia
virus infectivity were performed on CV-1 cells. The reciprocal of serum dilution giving great-
er than 50 percent reduction in plaque number is shown.

Weeks after Anti-HBsAg Anti- Anti- Anti-
inoculation (RIA units) InfHA HSV vaccinia
Rabbit 257
1 160 160 640 6,400
2 160 160 5,120 6,400
3 160 320 2,560 12,800
4 670 320 2,560 12,800
S 1,840 640 1,280 12,800
Rabbit 288
1 80 20 <40 <40
2 160 80 320 400
3 360 40 160 400
4 760 80 320 400
S 760 80 160 400

Table 2. Revaccination of rabbits with recombinant vaccinia virus. Rabbits inoculated intrader-
mally with 1.8 X 107 plaque-forming units of a vaccinia virus recombinant expressing the
HBsAg were revaccinated at 56 weeks with an equivalent dose of a vaccinia virus recombinant
expressing HBsAg (rabbit 488) or revaccinated at 54 weeks with a novel vaccinia virus re-
combinant expressing the InfHA (rabbit 517). Anti-HBsAg antibody levels were determined
using a commercially available RIA kit from Abbott Laboratories and are noted in RIA units
(% 107%) per milliliter of serum as defined by the manufacturer. For plaque-reduction assays,
vaccinia virus was mixed with dilutions of antisera and kept at 4°C overnight until they were
titrated on CV-1 monolayers. The percent reduction of plaques obtained on CV-1 monolayers
are indicated as the reciprocal of the serum dilution. Antibody to InfHA was determined by
standard hemagglutination inhibition tests with chicken erythrocytes and four HA units.
Reciprocal of serum dilution is shown.

Vaccinia virus

Weeks after Anti-HBsAg laque reduction (%) .
inoculation (RIA units) pad Anti-InfHA
1600 6400
Rabbit 488

1 0.1 63 12

3 0.4 69 35

6 18.4 82 12
54 6.8 41 0
57 32.7 85 4
62 24.3 90 67

Rabbit 517

3 0.2 <10

6 16.0 <10

9 72.0 <10
40 128.0 <10
54 72.0 <10
55 72.0 40
36 63.0 160
57 43.0 80
58 63.0 160
59 63.0 320
60 63.0 640
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vaccines would also skew the benefit-
risk ratio of vaccination to the benefit
side since the benefit to be derived
would be that of immunity against the
total number of heterologous pathogens,
whereas the risk would be that of the
single vaccination.

References and Notes

1. E. Nakano, D. Panicali, E. Paoletti, Proc. Natl.
Acad. Sci. U.S.A. 79, 1593 (1982).

2. C. K. Sam and K. R. Dumbell, Ann. Virol.
(Paris) 132E, 135 (1981).

3. D. Panicali and E. Paoletti, Proc. Natl. Acad.
Sci. U.S.A. 79, 4927 (1982).

4. M. Mackett et al., ibid., p. 7415.

5. E. Paoletti et al., ibid. 81, 193 (1984).

6. G. L. Smith, M. Mackett, B. Moss, Nature
(London) 302, 490 (1983).

7. E. Paoletti et al., in Herpesvirus: UCLA Sympo-
sia on Molecular and Cellular Biology, New
Series, F. Rapp, Ed. (Liss, New York, 1984),
vol. 21, pp. 663-676.

8. E. Paoletti et al., in The 1984 International
Symposium on Medical Virology, L. M. de la
Maza, Ed. (Franklin Institute Press, Philadel-
phia, in press).

9. D. Panicali et al., Proc. Natl. Acad. Sci. U.S.A.
80, 5364 (1983).

10. G.Sg. Smith, B. R. Murphy, B. Moss, ibid., p.
7155.

11. M. P. Kieny et al., Nature (London) 312, 163
(1984).

12. T. F. Wiktor et al., Proc. Natl. Acad. Sci.
U.S.A. 81, 7194 (1984).

13. 'G. L. Smith et al., Science 224, 397 (1984).
14. M. Mackett et al., ibid. 227, 433 (1985).

15. J. R. Bennink et al., Nature (London) 311, 578
(1984).

16. B. Moss et al., ibid.,

17. D. Panicali et al., J. Vtrol 37 1000 (1981).

18. A 1.8-kb fragment derived from vaccinia Hind
III M was directionally cloned into the Hind I1I-
Sal I region of pBR322, generating pMP62. An
800-bp Sph I-Bgl II vaccinia fragment isolated
from pMP62 was subjected to partial Rsa I
digestion and a 200-bp Rsa I-Bgl II fragment
containing an early promoter upstream from the
Rsa I site was isolated. The Rsa I terminus and
the Sph I site of pMP62 were modified to contain
Hind III sites. The Hind III-Bgl II fragment
containing an early vaccinia promoter was then
ligated into the modified Sph I-Bgl II region in
pMP62, generating pMP62-15 and resulting in a
deletion of 0.6 kb of vaccinia sequences. The
2.5-kb Hind III-Sst I fragment containing the
HSVgD (5) coding sequence was trimmed by
Nru I digestion (23). The 1330-bp fragment was
modified by linker addition, and the Hind III-
terminated HSVgD coding sequences were in-
serted into the Hind III site within the vaccinia
sequences of pMP62-15, generating plasmid
pLP2. This plasmid was used as donor DNA for
in vivo recombination (3) with vP53, and a novel
recombinant vaccinia virus, vP124, containing
the HSVgD sequences in addition to the InfHA
sequences, was isolated by replica filter plating

3.

19. A 2.7-kb Bgl II fragment spanning the vaccinia
Hind III M-K junction and containing an inter-
nal Bgl II site was inserted into the Bam HI site
of pBR322H™, a pBR322 derivative having a
deleted Hind I1I site; this generated pMP18. A
360-bp Hind III-Bam HI fragment containing an
early vaccinia virus promoter derived from Hind
III fragment 1 was directionally cloned at the
single Hind I1I-Bgl II site of pMP18, eliminating
0.1 kb of endogenous vaccinia sequences; this
generated a novel plasmid pMP18PP. A Hind
III-terminated HBsAg coding sequence of 1090
bp (5) was inserted at the single Hind III site of
pMP18PP in proper orientation with the vaccinia
promoter. This donor plasmid pPP18sAg was
used as donor DNA for in vivo recombination
with vP124 and a novel recombinant vaccinia
virus, vP168, containing the HBsAg sequences
in addition to the InfHA and HSVgD sequences
was isolated by replica filter plating. Plasmid
constructions as well as recombinant vaccinia
viruses were confirmed by restriction analysis.

20. XV%IZ() Joklik, Biochim. Biophys. Acta. 61, 290

1 .

21. E. M. Southern, J. Mol. Biol. 98, 503 (1975).

22. G. L. Smith and B. Moss, Gene 25, 21 (1983).

23. R. J. Watson et al., Science 218, 381 (1982).

18 March 1985; accepted 3 July 1985
984

Growth Regulation of Human Melanocytes: Mitogenic Factors in
Extracts of Melanoma, Astrocytoma, and Fibroblast Cell Lines

Abstract. Melanocytes derived from fetal or adult skin do not propagate in vitro
unless cultured in the presence of factors such as 12-O-tetradecanoylphorbol 13-
acetate (TPA). In a search for physiological factors regulating the growth of
melanocytes, extracts of various cultured cell types were tested. Factors produced
by melanoma and astrocytoma cell lines support continued proliferation of melano-
cytes in the absence of TPA. WI-38, a fibroblast cell line derived from human
embryonic lung, was the most active source of melanocyte growth factors. No
melanocyte growth-promoting activity was found in extracts of cultured neuroblasto-
ma, renal cancer, normal keratinocytes, or renal epithelium. Nerve growth factor,
epidermal growth factor, melanocyte-stimulating hormone, transforming growth
factor-B, and platelet-derived growth factor did not have growth-promoting activity
for melanocytes. The presence of melanocyte growth factors and TPA together
resulted in the strongest mitogenic activity for melanocytes, permitting the recovery
(at 20 days) of 4 to 20 times as many cells as in growth factor or TPA alone.

MacGpALENA EISINGER

OLcAa Marko

SHUN-IcHIRO OGATA

Laboratory of Cutaneous Cell Biology,
Sloan-Kettering Institute for Cancer
Research, New York 10021

Lroyp. J. OLp

Human Cancer Immunology
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Institute for Cancer Research

Melanocytes are the melanin pigment—
producing cells of the body, which in
normal human skin represent a minor
cell population that undergoes mitosis
only rarely (/). Little is known about
melanocyte growth regulation, owing
mainly to difficulties in obtaining suffi-
cient numbers of melanocytes for studies
in vitro. We showed earlier (2) that 12-O-
tetradecanoylphorbol 13-acetate (TPA)
fosters replication of melanocytes in vi-
tro by permitting the preferential attach-
ment of melanocytes from skin cell sus-
pensions and stimulating them to grow.
This mitogenic activity of TPA can be
potentiated by cholera toxin (2) and iso-
butylmethylxanthine (3). In contrast
to melanocytes, human melanoma cells
generally grow vigorously in vitro in the
absence of TPA, suggesting that their
independent growth might be associated
with the production of melanocyte
growth factor or factors. To pursue this
idea, we began a search for factors pro-
duced by melanoma and other cell types
that would permit growth of melanocytes
in the absence of TPA.

Melanocytes were isolated and cul-
tured as described (2). To avoid fibro-
blast contamination, we trypsinized the
cultures and purified them by immune
rosetting and Percoll gradients (4), or we
treated them with geneticin (3). Cultures
used for experiments were free of con-
taminating fibroblasts as shown by leu-

cine-aminopeptidase staining (5). Non-
pigmented melanoma cell lines were se-
lected for study to avoid the toxic effects
of intermediate metabolites in melanin
synthesis. In preliminary studies, we
evaluated melanocyte growth-stimulat-
ing activity in the supernatant fluids of
four melanoma cell lines. Since little or
no activity was detected, we turned to
cell extracts.

Figure 1 illustrates tests with extracts
derived from two cell lines of neuroecto-
dermal origin—namely, SK-MEL-131
melanoma and AQO,V, astrocytoma—
and from the embryonic lung fibroblast
line WI-38. Melanocytes cultured in
the absence of TPA showed minimal
[*H]thymidine incorporation and no cell
growth. In the presence of SK-MEL-
131, AO,V,, or WI-38 extracts, melano-
cytes showed active [*H]thymidine
incorporation and repeated rounds of
cell division. Extracts of SK-MEL-131
or AO,V,resulted in a sixfold increase in
[*H]thymidine incorporation (as com-
pared to melanocytes grown in the ab-
sence of added extract or TPA). Extracts
of WI-38 resulted in a 20-fold increase in
[*H]thymidine incorporation. With re-
gard to cell growth and division, melano-
cytes cultured in the absence of TPA
generally round up and detach, and after
20 days cultures are lost. The effect of
cell extracts on melanocyte growth par-
allels their effect on [*H]thymidine incor-
poration, with extracts of WI-38 exerting
the strongest mitogenic activity for mela-
nocytes. Titration experiments showed
that extracts diluted 1:500 to 1:1000
gave optimal stimulation of melanocyte
growth; activity could still be detected at
dilutions of 1:10,000. Growth inhibition,
most likely nonspecific, was found with
extracts diluted less than 1:100. Eighty
percent of the growth-stimulating ac-
tivity of WI-38 extracts was removed
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