functions of the yttrium concentration.

The trend toward an enormous reduc-
tion of 8, becomes evident with as little
as 1 percent Y, while y remains almost
unchanged throughout most of the range.
The rapid decrease in lattice stiffness is
in parallel to a rapid decrease in the melt-
ing temperature of Ir, as observed in
most Ir-rare earth systems, as well as to
a change in physical properties. The rela-
tive constancy of y suggests little change
in the electronic structure from that of
iridium. The change in lattice stiffness is
thus predominantly responsible for this
extraordinary enhancement of supercon-
ductivity, an effect which is not limited
to iridium metal (5).

Many of the results in the past for bi-
nary superconductors that did not fit
with either the electron-to-atom ratio or
crystallographic considerations are now
readily understood by the presence of
superconducting eutectics and their
changed phonon structures. Enhance-
ment of superconducting transition tem-
peratures has been observed by other
investigators, but never to the extent
found in the iridium-yttrium system. Of
particular interest are the investigations
of the Ti-Mo (6) and Zr-Mo (7) systems.
The well-known In-Sn and Pb-Bi alloys
also fall in this category. In all of these
systems the existence of a supercon-
ducting eutectic is the probable reason
for their enhanced superconducting 7.
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Tumor-Promoting Phorbol Esters Stimulate

Hematopoietic Colony Formation in vitro

Abstract. Tumor-promoting phorbol esters stimulated mouse bone marrow cells to
form myeloid colonies in agar cultures without added colony-stimulating factors.
The .colony-stimulating ability of various phorbol esters correlated well with their
ability to promote skin tumors in vivo. These results suggest that phorbol esters
mimic the action of specific colony-stimulating factors that regulate growth.

Tumor-promoting phorbol diesters
such as 12-O-tetradecanoyl-phorbol-13-
acetate (TPA) have the ability to pro-
mote tumor formation in the skin of mice
previously treated (initiated) with a sub-
optimal dose of a chemical carcinogen
(1). Phorbol esters exhibit a wide variety
of effects in vitro on cultured cells, such
as stimulation of DN A synthesis and cell
proliferation (2-5), either inhibition (6-8)
or induction (9-/1) of terminal dif:
ferentiation, induction of plasminogen
activator and other enzymes (5, /2), and
changes in cell membrane properties
(13-15). In many studies the phorbol es-
ters seem to produce effects that are nor-
mally induced by the action of a natural
growth regulator (/4). For example, TPA
mimics a number of the biologic effects
produced by epidermal growth factor
(EGF) and apparently does so by altering
the function of cell surface receptors for
EGF (4, 15).

One culture system in vitro that has
a well-characterized requirement for a
growth-regulating factor is the soft agar
cloning technique for granulocyte-mac-
rophage colony-forming cells, also called
colony-forming unit culture (CFU-C)
(16). In this system, mouse bone marrow
cells form colonies of granulocytes and
macrophages (or monocytes) only in the
presence of added growth regulating fac-
tor, called colony-stimulating factor
(CSF). Biologically active CSF has been
purified from medium conditioned by L
cells and appears to be a glycoprotein of
molecular weight 65,000 (/7). Many oth-
er active CSF preparations have been re-
ported and partially characterized [for
review, see. (I8)], but little is known
about structural details of CSF mole-
cules or their active sites. We report here
that tumor-promoting phorbol esters (but
not their inactive analogs) stimulate
mouse bone marrow cells to form hema-
topoietic colonies in agar culture without
added CSF.

Because of the suggestion that phorbol
esters imitate the action of growth regu-
lators (14), we tested their effect on agar
cultures of mouse bone marrow cells.
Figure 1 shows that freshly isolated
mouse bone marrow cells formed colo-
nies in soft agar in the presence of 5 X
1078M TPA (without added CSF). The
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TPA-stimulated colonies were quite uni-
form, discrete aggregates of 50 to 500
cells; by contrast, colonies stimulated by
L cell-derived CSF (LC-CSF) (I7) were
more loosely arranged aggregates of 50
to 10,000 cells. Figure 1 shows that with
increasing numbers of marrow cells
plated, there were increasing numbers of
colonies formed, although for TPA-stim-
ulated colonies, linearity was observed
over a more narrow range of cell num-
bers than for LC-CSF-stimulated colo-
nies. Figure 1 also shows that the target
cell for the TPA effect was abundantly
present in the marrow nonadherent cell
fraction. Depleting the marrow popu-
lation of cells that adhere to plastic at
37°C enriched the sample for TPA-stimu-
lated colony-forming cells to about the
same extent as for LC-CSF colony-form-
ing cells, consistent with the possibility
that the target cell for the TPA effect is
the same as that for LC-CSF.

To characterize the cells in the TPA-
stimulated colonies we removed intact
single colonies by aspiration into micro-
pipettes. and transferred them to glass
slides. After air-drying and staining them
with aceto-orcein, we examined the col-
ony cells microscopically (/9). In addi-
tion, using other cultures, we dehydrated
the agar matrix and stained the colony
cells in situ and then examined them un-
der an inverted microscope (20). In three
independent experiments, 80 to 90 per-
cent of colonies were entirely composed
of cells with the characteristics of mature
macrophages, and 10 to 20 percent of
colonies also contained a variable per-
centage of monocytes and neutrophils.

To harvest large numbers of colony
cells for further examination, we also
cultured fresh marrow cells in methyl-
cellulose medium (27) containing 10~’M
TPA. Wright-stained preparations were
made of cells harvested from these cul-
tures by dilution and washing. In dif-
ferential counts of 200 cells on slides pre-
pared from six cultures we found that
81 + 4 percent were of the monocyte-
macrophage type; remaining cells were
neutrophils or immature myeloid cells.
When harvested colony cells were tested
further, more than 60 percent showed
firm adherence to plastic petri dishes in 1
hour at 37°C. Colony cells were also
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phagocytic for latex particles with 74
percent showing phagocytosis after 1
hour and 90 percent after overnight in-
cubation at room temperature. These
functional properties are typical of the
monocyte-macrophage cells that make
up LC-CSF-stimulated colonies. There-
fore, although the TPA-stimulated colo-

nies differ from LC-CSF-stimulated col- -

onies in size and shape, the cells within
TPA-stimulated colonies appear to be
morphologically and functionally identi-
cal to the cells of LC-CSF-stimulated
-colonies.

Unfractionated and nonadherent mar-
row cells were also cultured in soft agar
in the presence of a wide range of con-
centrations of TPA and related phorbol
compounds with varying tumor-promot-
ing ability. Figure 2 shows that TPA-
stimulated colony formation over a wide
dose range with effects observed at con-

- centrations as low as 107''M. In addi-
tion, although the parent compound,
phorbol, and 4«-phorbol-12,13-dideca-
noate (4a-PDD) were inactive, other
phorbol esters were capable of stimulat-
ing colony formation over similar dose
ranges (Fig. 2). Phorbol-12,13-dideca-
noate (PDD) was only slightly less active
than TPA, phorbol-12,13-dibenzoate
(PDB) had intermediate activity, and
phorbol-12,13-diacetate (PDA) had slight
activity but only at 107°M. The relative
activity of the phorbol esters in stimulat-
ing marrow colony formation (TPA >
PDD > PDB > PDA > 4a-PDD, phor-
bol) correlates well with their tumor-pro-
moting potency in vivo and with their ac-
tivity in other systems in vitro ¢, 5, 10,
11, 14, 15).

These studies show that unfraction-
ated and nonadherent murine bone mar-
row cells generate colonies of cells when
cultured in semisolid media in the pres-
ence of low concentrations of TPA and
other phorbol esters with tumor-promot-
ing activity. The colony cells appear to
be predominantly phagocytic mono-
nuclear cells of the monocyte-macro-
phage type. Comparison with mouse
marrow colony formation in the pres-
ence of L cell-derived CSF suggests that
the cells forming colonies in the presence
of TPA are of the CFU-C type, or a sub-
population of CFU-C primarily com-
mitted to macrophage differentiation.
‘Supporting this interpretation, we found
(22) that TPA-stimulated colony forma-
tion is inhibited by low concentrations of
prostaglandin E;, a substance that has
recently been shown to specifically in-
hibit monocyte-macrophage colony for-
mation by mouse bone marrow cells
stimulated by LC-CSF and other sources
of CSF (23). Also, TPA and other active
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analogs are mitogenic for mouse perito-
neal macrophages (24), indicating effects
on mature progeny as well as progenitor.
cells.

There are at least three possible mech-.
anisms by which the tumor-promoting
phorbol esters might stimulate bone mar-
row colony formation. One possibility is
that these compounds may have direct
colony-stimulating activity; that is, that
they act directly on progenitor cells to
induce cellular proliferation and dif-
ferentiation. If this were the case, the
known structures of these compounds
might provide valuable clues to the con-
formation of the more complex glycopro-
tein CSF molecules. A second possible
mechanism is that the active phorbol es-
ters may interact with marrow-derived
cells to induce the elaboration and secre-
tion of glycoprotein CSF which then
stimulates progenitor cells to proliferate.
This seems unlikely because we have
found that marrow cells in liquid culture
fail to generate significant amounts of
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CSF when incubated for 1 to 7 days in
appropriate concentratxons of the active
phorbol esters.

A third possibility is that the active
phorbol esters may alter the responsive-
ness of progenitor cells to CSF which
might be present in suboptimal concen-
tration in the culture medium. Colony-
stimulating factor is thought to act by
binding to cell surface receptors and ini-
tiating regulatory signals (25). Our re-
sults suggest that the phorbol esters may
interact with cell receptors to facilitate
events that are triggered by the action of
CSF on these receptors. The effects of
the phorbol esters on CSF receptors
need not be direct, of course, since more
general alterations in cell surface mem-
branes could alter receptor function. If
such changes resulted in a marked in-
crease in CSF receptor numbers or in
their affinity for CSF, colony formation
might be induced by trace amounts of
CSF (present in the serum-containing
medium) which under usual conditions
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Fig. 1 (left). Effect of TPA on colony formation by mouse marrow cells. Unfractionated (a) or
nonadherent (b) femoral marrow cells from 12-week-old B6D2F, female mice were suspended in
supplemented McCoy’s medium containing 0.3 percent agar and plated in 1.0-ml portions in 35-
mm petri dishes containing TPA (final concentration of S X 1078M) or LC-CSF (0.1 mlof a 1:2
dilution, previously shown to cause maximum stimulation of colony formation). After 7 days of
incubation at 37°C in a humidified atmosphere containing 5 percent CO., colonies of 50 or more
cells were scored by means of a dissecting microscope at a magnification of x25. The TPA,
phorbol, and esters were stored at —70°C in dimethyl sulfoxide (DMSO), diluted in phosphate
buffered saline (PBS) (pH 7.4) prior to use, and added to each plate in 0.1-ml portions. Solvent
(DMSO) controls gave no colony formation. Nonadherent cells were obtained by allowing mar-
row cells in supplemented McCoy’s medium to adhere to plastic petri dishes at 37°C for 1 hour.
Nonadherent cells were collected by washing and subjected to a second adherence step in the
same manner. Symbols: O and @, TPA; (0 and M, LC-CSF. The results shown are the means
and standard errors (S.E.M.) of triplicate determinations. Fig. 2 (right). Effect of phorbol and
its esters on colony formation by mouse marrow. Unfractionated (a) and nonadherent (b) marrow
cells were plated in supplemented McCoy’s 0.3 percent agar medium in 35-mm petri dishes. The
various compounds were diluted in PBS and added to the plates at the final concentrations
indicated. After 7 days, colonies of 50 or more cells were scored. Symbols: O TPA; O, phor-
bol-12,13-didecanoate (PDD); <, phorbol-12,13-dibenzoate (PDB); A, phorbol-12,13-diacetate
(PDA); O, 4a-phorbol-12,13-didecanoate (4a-PDD); V, phorbol. The results shown are the
means and standard errors of triplicate determinations.
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are insufficient for colony formation.
Such a hypothesis is also consistent with
the work of Dicker and Rozengurt (26)
who showed that there is a marked syn-
ergistic interaction between TPA and
growth-promoting polypeptides (EGF,
insulin, fibroblast-derived growth factor)
in stimulating DNA synthesis in mouse
and human fibroblasts in serum-free me-
dium.

The hypothesis that tumor-promoting
phorbol esters interact with (or at least
alter the function of) cell surface recep-
tors for regulatory growth factors is at-
tractive because it suggests a possible
basis for tumor promotion in vivo. The
phenotypic expression of a carcinogenic
event depends on the transformed cell’s
ability to proliferate. If tumor promoters
render cell surface receptors more sensi-
tive to physiologic growth factors—in-
cluding proliferative stimuli—then pre-
viously initiated cells are more likely to
express their carcinogenic potential in
the presence of a promoter. In addition,
if such a mechanism can be further sub-
stantiated, the tumor promoters may
prove valuable in understanding the role
of growth regulators in the control of
normal cellular proliferation.

ROBERT K. STUART
Oncology Center, Johns Hopkins
University School of Medicine,
Baltimore, Maryland 21205

Joun A. HAMILTON
Developmental Hematopoiesis Section,
Sloan-Kettering Institute,
New York 10021
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Hydralazine-Pyrimidine Interactions May Explain

Hydralazine-Induced Lupus Erythematosus

Abstract. Hydralazine, the prototypic drug that induces systemic lupus erythema-
tosus, reacts with thymidine and deoxycytidine. Analysis of a reaction mixture of
therapeutic concentrations of hydralazine with labeled thymidine reveals at least
four labeled products. At higher concentrations, hydralazine reacts with labeled
deoxycytidine to form at least three labeled products. Formation of these products is
markedly enhanced by exposure to ultraviolet light. The reaction of hydralazine with
thymidine and deoxycytidine may be in part responsible for initiating drug-induced

systemic lupus erythematosus.

Systemic lupus erythematosus (SLE)
is an autoimmune disease of unknown
origin that occurs in humans and pre-
dominantly affects females (/). The clini-
cal manifestations of SLE include fever,
photosensitivity, polyarthralgia, poly-
serositis (pleuritis and pericarditis),
anemia, and cutaneous, renal, and neu-
rologic abnormalities (/). About 10 per-
cent of the cases of SLE are induced by
one of the following drugs: hydralazine,
procainamide, isoniazid, chlorproma-
zine, or the hydantoins (/<). Drug-in-
duced SLE may be clinically and sero-
logically similar to idiopathic SLE 2, 5).
In general, however, renal and neurolog-

ic disease are rare in drug-induced SLE.
Cessation of drug therapy is frequently
followed by complete remission. Similar-
ities between drug-induced and idio-
pathic SLE are much greater than dif-
ferences, however, and it has been ar-
gued that they are the same disease (3,
6). Study of possible molecular mecha-
nisms of drug-induced SLE may thus be
important for understanding the entire
spectrum of this disorder.

Tissue injury in idiopathic and drug-in-
duced SLE is presumed to be mediated
by antibodies to either nucleic acids or
nucleoproteins or to both (7, 8). The
mechanism of production of antibodies

Table 1. Hydralazine-thymidine reaction. Hydralazine (10~°M; Sigma Chemical) and [methyl-
3H]thymidine (1.6 X 10-%M; New England Nuclear) were mixed in a solvent of 1.5 x 107°M
NaCl in a buffer of 1.5 X 10~*M sodium citrate (p H 7.4) and incubated in total darkness at 35°C
without agitation or aeration. Separation of the reaction mixture after 24, 48, 72, 96, and 120
hours by thin-layer cellulose chromatography with a solvent of n-butanol, acetic acid, and water
(5:2:3 by volume) yielded at least five radioactive spots with Ry values of 0.70, 0.74, 0.78,
0.83, and 0.88. Thymidine has an Ry of 0.70. The reaction was studied at pH 5.9, 6.4,
6.9, 7.4, 7.9, and 8.4 at a 10~! molar concentration of hydralazine and 1.6 X 107 thymi-
dine to determine its pH optimum. The yield of product was optimal at pH 6.9 and 7.4; N.D.,

not detectable.

Reac- Product (%)
tion
time 1 2 3 4
(hours) Rr 0.74 Rr 0.78 R; 0.83 Rr 0.88
12 0.4 N.D. N.D. N.D.
24 1.1 .1 0.2 0.1
48 1.3 .1 0.2 0.1
72 1.8 2 0.3 0.2
96 3.1 .9 0.7 0.4
120 53 .0 1.2 1.1

0036-8075/80/0425—0404$00.50/0 Copyright © 1980 AAAS

SCIENCE, VOL. 208, 25 APRIL 1980



	Cover Page
	Article Contents
	p. 402
	p. 403
	p. 404

	Issue Table of Contents
	Science, Vol. 208, No. 4442, Apr. 25, 1980, pp. 333-440
	Front Matter [pp. 333-354]
	Letters
	When Should the Gas Guzzler Go? [pp. 350-351]
	Brown's Administrative Philosophy [p. 351]

	Erratum: Properties of Diamond [p. 351]
	Diversion of Funds from Research [p. 353]
	Computer Models of Crystal Growth [pp. 355-363]
	Materials Science [p. 363]
	Immunomicrospheres: Reagents for Cell Labeling and Separation [pp. 364-368]
	The Proliferation of Scientific Literature: A Natural Process [pp. 369-371]
	Comment on Societal Risk [pp. 372-375]
	News and Comment
	Antibiotics in the Barnyard [pp. 376-379]
	Discovery by Decree [p. 377]
	Rain Forests Vanishing [p. 378]
	NMC Thrives Selling Dialysis [pp. 379-382]
	Insider's Account of Pollution in U.S.S.R. [p. 380]

	Briefing
	Commissioner Gilinsky Challenges New NRC Plan [p. 383]
	MX Missile: A Step Backward for Metric [p. 383]
	NSF Finds Slower Growth in Scientific Work Force [p. 383]

	Research News
	Voyager Beguiled by Jovian Carrousel [pp. 384-386]
	Gene Transfer Given a New Twist [pp. 386-387]

	Centennial
	100 Years of Science [pp. 388-389]

	Book Reviews
	Conservation in the United States [pp. 390-391]
	The Growth of Fungal Hyphae [p. 391]
	Plant Motility [pp. 391-392]
	Hormones in vitro [pp. 392-393]
	Basin Analysis [p. 393]

	Reports
	Seasonal Movements in a Salt Glacier in Iran [pp. 395-397]
	Sounding the Stratosphere and Mesosphere by Infrared Limb Scanning from Space [pp. 397-399]
	Corrections in the Pioneer Venus Sounder Probe Gas Chromatographic Analysis of the Lower Venus Atmosphere [pp. 399-401]
	Enhancement of Superconductivity through Lattice Softening [pp. 401-402]
	Tumor-Promoting Phorbol Esters Stimulate Hematopoietic Colony Formation in vitro [pp. 402-404]
	Hydralazine-Pyrimidine Interactions May Explain Hydralazine-Induced Lupus Erythematosus [pp. 404-406]
	Allele Increasing Susceptibility to Human Breast Cancer may be Linked to the Glutamate-Pyruvate Transaminase Locus [pp. 406-408]
	Survival of Mice Receiving Melanoma Transplants is Promoted by Hydroquinone [pp. 408-410]
	Somatomedin C: Restoration in vivo of Cycle Traverse in G$_{0}$/G$_{1}$ Blocked Cells of Hypophysectomized Animals [pp. 410-412]
	Alcoholic Rhabdomyolysis: An Experimental Model in the Rat [pp. 412-415]
	Regression of Tumors in Guinea Pigs after Treatment with Synthetic Muramyl Dipeptides and Trehalose Dimycolate [pp. 415-416]
	Visual Aftereffects Derived from Inspection of Orthogonally Moving Patterns [pp. 416-418]
	An ``Inhibitory'' Influence on Brainstem Population Responses [pp. 418-419]
	Interspecific Chimeras in Mammals: Successful Production of Live Chimeras between Mus musculus and Mus caroli [pp. 419-421]
	Unequal Alternating Monocular Deprivation Causes Asymmetric Visual Fields in Cats [pp. 421-423]
	Rebound Insomnia [pp. 423-424]

	Back Matter [pp. 393-440]





