spring, a statistically significant dif-
ference (x2, P < .01).

In response to the discovery of the sig-
nificant number of ‘‘light for dates”
births in the prednisone-exposed group
of human infants, a second analysis of
variance was performed to determine if
the significant difference between the ex-
perimental and control groups would
persist with the extremely low-weight
subjects removed. The analysis, with
“‘light for dates’’ subjects eliminated
from both prednisone and control
groups, showed that the hormone-ex-
posed subjects were still significantly
lighter than controls (P < .0001) (see
Fig. 1). This finding indicates that, al-
though only 16 prednisone-exposed sub-
jects were born at weights which fit the
strictly defined criterion for ‘‘light for
dates,”’ the majority of the experimental
subjects were stillborn at weights lighter
than would be expected. To illustrate the
magnitude of intrauterine growth retar-
dation in the prednisone-exposed off-
spring, it was determined that with *‘light
for dates’’ subjects removed from both
conditions, 60 percent of the remaining
hormone-exposed individuals fell below
the 25th percentile of the unexposed
group.

The retardation of intrauterine growth
after exposure to prednisone indicates
that exogenous adrenocortical hormones
can have a marked effect on fetal devel-
opment. We therefore suggest that phy-
sicians be alerted to the possible at-risk
status of babies born to prednisone-
treated mothers, regardless of apparent-
ly normal birth weights and lengths of
gestation.
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Hepatic Fibrosis in Schistosomiasis: Egg Granulomas

Secrete Fibroblast Stimulating Factor in vitro

Abstract. Cytosol extracts and culture supernatants of isolated egg granulomas
obtained from livers of mice with Schistosoma mansoni infection stimulated fibro-
blasts to incorporate tritiated thymidine and to proliferate in vitro. This finding sug-
gests that hepatic granulomas may play a role in regulating hepatic fibrosis in

Schistosoma mansoni infections.

Hepatic fibrosis may be initiated by a
variety of insults, including toxins and
infection, and can result in portal hyper-
tension and gastrointestinal hemorrhage.
In infections due to the trematode worms
Schistosoma mansoni and §. japonicum,
hepatic fibrosis is the major cause of
morbidity and mortality. The develop-
ment of hepatic fibrosis in schistoso-
miasis is preceded by formation of gran-
ulomas surrounding the trematode eggs
which become trapped in the portal ven-
ules of the liver. The development of
these granulomas is similar in humans
and mice infected with S. mansoni. In
mice the granulomatous reaction has
been shown to represent a delayed hy-
persensitivity response to soluble egg an-
tigens (/). Here we report results of our
investigations that suggest that products
of schistosomal granulomas can stimu-
late fibroblasts in vitro and therefore
may play a role in the development of he-
patic fibrosis in schistosomiasis.

Lymphocytes elaborate soluble sub-
stances in vitro that are capable of inhib-
iting (2) or enhancing (3) fibroblast prolif-
eration, and of stimulating collagen syn-
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thesis in vitro (2, 3). Macrophages also
influence fibroblast growth and protein
synthesis (¢, 5). Since lymphocytes and
macrophages constitute the predominant
cell population in the prefibrotic gran-
uloma, we investigated whether these
granulomas might also regulate fibro-
blast activation in vitro. To do so, we
prepared isolated schistosomal gran-
ulomas by a modification of the tech-
nique described by Pellegrino and Bre-
ner (6). This technique separates gran-
ulomas . from liver homogenates by
repeated sedimentation at 1g; free hepat-
ic parenchymal cells, cell stroma, and
cell debris remain in the supernatant and
are discarded.

Outbred white mice (National Insti-
tutes of Health general purpose) were in-
fected subcutaneously with approxi-
mately 500 cercariae of S. mansoni
[Puerto Rico I strain (7)] obtained by
passage through the snail vector
(Biomphilaria glabrata). Seven weeks
later, livers from individual mice were
homogenized in a Waring blender for 1 to
2 minutes in Hanks buffer (Hanks bal-
anced salt solution) and granulomas
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were isolated by repeating the 1g sedi-
mentation three times in Hanks buffer.
The granulomas prepared in this manner
contained mononuclear cells circum-
ferentially arranged around a schisto-
somal egg. Occasional eosinophils and fi-
broblasts were also identified in some
granulomas. Small numbers of hepatic
parenchymal cells were present on the
‘rim of some of the granulomas.

In the initial studies we prepared cyto-
sol extracts from isolated granulomas
and from homogenates of normal livers
from uninfected mice. Unfractionated
homogenates of normal liver and isolated
granulomas suspended in RPMI 1640 me-
dium were subjected to a one-step
freeze-thaw (—80° to 20°C) procedure,
followed by brief sonication (2 A, d-c
output for 90 seconds). Supernatants
were obtained after sonication by centri-
fugation (400g for 10 minutes) and dia-
lyzed against medium for 24 hours at
4°C. They were then sterilized by filtra-
tion and tested for their effects on the in-
corporation of [*H]thymidine in vitro by
monolayer cultures of guinea pig dermal
fibroblasts (3). Cultured fibroblasts were
diploid and retained the ability to synthe-
size collagen in vitro. These experiments
revealed that granuloma extracts tested
over a wide range of concentrations
stimulated fibroblasts to incorporate
[H]thymidine (Fig. 1). Significant fibro-
blast stimulating activity was noted in
extracts diluted greater than 1:2 in medi-
um. Maximum stimulation, which result-
ed in a 16-fold increase in [*H]thymidine
incorporation above control (medium
alone), was obtained with extracts di-
luted 1:10. In contrast, extracts of nor-
mal liver tested at the same dilutions
contained little or no fibroblast stimulat-
ing activity. These observations sug-
gested that the granulomas but not liver
parenchymal cells contained a substance
that could stimulate fibroblasts to incor-
porate [*H]thymidine in vitro.

To determine whether intact isolated
granulomas could elaborate the fibro-
blast stimulating factor in vitro, we in-
cubated granulomas from individual
mice in serum-free RPMI 1640 medium
for 48 hours, after which we obtained the
supernatants by centrifugation (200g for
10 minutes). Culture supernatants were
dialyzed for 24 hours against medium
and tested in fibroblast cultures. Dia-
lyzed and in some cases diluted non-
dialyzed supernatants stimulated fibro-
blasts (Fig. 2). Dermal fibroblast cultures
derived from C57BI mice could be stimu-
lated in a similar manner. In addition,
dialyzed supernatants stimulated in-
creased incorporation of [*H]thymidine

27 OCTOBER 1978

into trichloroacetic acid precipitable ma-
terial in fibroblast cultures. Since gran-
uloma supernatants also stimulated pro-
liferation of fibroblasts as assessed by
cell counts (25 = 0.5 X 10* cells per
stimulated culture as opposed to
6 = 0.3 X 10* cells per control culture),
it appears that the increases in
[*H]thymidine incorporation by fibro-
blast cultures is a measure of fibroblast
proliferation. Qur observations therefore
suggest that isolated granulomas can
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Fig. 1 (left). Effects of cytosol extracts of nor-
mal liver tissue (solid squares and triangles)
and of isolated schistosomal granulomas
(open triangles and circles) on the incorpora-
tion of [*H]thymidine by fibroblasts in vitro.
Isolated granulomas from individual mice
were washed thrice in Hanks buffer and
placed in RPMI 1640 to make a 10 percent
suspension. Livers from individual age-
matched uninfected mice were homogenized
(Waring blender, 1 minute) in RPMI 1640 (one
liver per 100 ml). Extracts were obtained from
these preparations by a freeze-thaw proce-
dure and sonication, and the filter-sterilized
supernatants obtained by centrifugation
(400g, 20 minutes) were tested at different
concentrations in fibroblast cultures. Mono-
layers of dermal fibroblasts (Hartley guinea
pig) were derived from confluent cultures by
trypsinization and incubated at a concentra-

elaborate in vitro a factor that stimulates
fibroblast proliferation. It is likely that
fibroblast stimulating factor was elabo-
rated into culture medium by living gran-
uloma cells in these experiments, be-
cause granulomas continued to produce
this factor for at least 96 hours and be-
cause culture viability was confirmed by
ongoing incorporation of labeled amino
acids.

These findings suggest that in addition
to their ability to elaborate specific medi-
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tion of 10° cells per milliliter in serum-free Dulbecco-Vogt medium in a volume of 1 mlin each 1-
dram glass vial with or without the addition of extracts. Cultures were maintained for 72 hours
at 37°C, in an atmosphere of 95 percent air and 5 percent CO,; 1 uCi of [*H]thymidine (specific
activity 6.0 Ci/mmole; Schwartz/Mann) was added to each vial for the final 4 hours of incuba-
tion. Fibroblasts were harvested on glass fiber filters and the magnitude of [*H]thymidine in-
corporation was determined by scintillation counting. The mean of triplicate determinations
in separate representative experiments is shown; the standard error of the mean was = 10
percent in all cases. The horizontal stippled bar encompasses the mean counts per minute

(+ standard error) of fibroblasts cultured in medium alone.

Fig. 2 (right). Effects of dia-

lyzed (open circles) and nondialyzed (solid circles) granuloma culture supernatants at dif-
ferent concentrations on the incorporation of [*H]thymidine by fibroblasts in vitro. Isolated
granulomas from individual animals were suspended at a concentration of approximately 20 to
50 per milliliter in serum-free RPMI 1640 containing antibiotics. Twenty milliliters of suspension
were incubated in each 250-ml plastic tissue culture flask (No. 3075, Costar) at 37°C in an
atmosphere of 95 percent air and 5 percent CO, for 48 hours. Portions of culture supernatants
were then dialyzed against medium for 24 hours at 4°C. Filter-sterilized supernatants were test-
ed in vitro for their effects on [*H]thymidine incorporation by fibroblasts. The mean of triplicate
determinations in three representative experiments (A to C) are shown; the standard error was
= 10 percent in all cases. The stippled horizontal bar encompasses the mean (+ standard error)
of [*H]thymidine incorporation by fibroblasts cultured in medium alone.
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ators of inflammation, such as migration
inhibition factor (8) and eosinophil stim-
ulation promoter (9), isolated schisto-
somal granulomas from mice can elabo-
rate substances that influence fibroblast
activation. We have provided evidence
here for the presence of molecules within
granulomas and their culture super-
natants which can stimulate fibroblast
proliferation in vitro. In related studies,
we have found that these granuloma su-
pernatants induce changes in the intra-
cellular concentrations in fibroblasts of
adenosine  3’,5'-monophosphate and
prostaglandins, and alter the ability of fi-
broblasts to incorporate [*H]proline into
collagen. Although it seems likely that
the source of the stimulating factor is the
inflammatory cells, since mononuclear
cells have been shown capable of pro-
ducing related substances (2-5), we can-
not at present exclude the possibility that
it might derive from the schistosomal
egg.

These data suggest a possible molecu-
lar link between granuloma formation
and the subsequent development of he-
patic fibrosis in S. mansoni infections.
Since the egg granuloma in this disease
appears to represent a chronic inflamma-
tory response to egg antigen (), the bio-

logical implications of these findings po-
tentially extend to fibrosis resulting from
chronic inflammation in a variety of oth-
er conditions as well.
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Selective Inhibition of Tubulin Synthesis by Amiprophos Methyl

During Flagellar Regeneration in Chlamydomonas reinhardi

Abstract. Amiprophos methyl (APM) is a strong, readily reversible and highly selec-
tive inhibitor of tubulin synthesis in Chlamydomonas reinhardi. The extensive induc-
tion of tubulin synthesis that accompanies flagellar regeneration in this organism is
prevented by 3 to 10 uM APM. When applied after induction has begun, APM causes
a rapid cessation of tubulin synthesis. Translation studies in vitro indicate that the
lack of tubulin production in APM-treated cells is not due to a direct inhibition of
tubulin messenger RNA translation but rather to a selective depletion of tubulin

messenger RNA.

Microtubules play a central role in
several cellular processes (/, 2) including
cell division, motility, cell surface organ-
ization, secretory functions, cellular dif-
ferentiation and, perhaps, control of cell
proliferation (3). A great deal has been
learned regarding the molecular proper-
ties of microtubules and their assembly
(I), yet relatively little is known con-
cerning the mechanisms responsible for
controlling the synthesis of the tubulin
subunits from which microtubules are
assembled. One process in which tubulin
synthesis has been shown to be in-
timately involved is the regeneration of
flagella in Chlamydomonas reinhardi @,
5). In this system the removal of flagella
leads to a rapid and extensive induction
of tubulin synthesis. An early observa-

440

tion relating to the control of tubulin syn-
thesis in these cells was that treatment
with colchicine or other compounds
which prevented flagellar regeneration,
and thus blocked utilization of cyto-
plasmic tubulin reserves (a potential
feedback signal), did not interfere with
the induction of tubulin synthesis ¢, 5).
We have now tested for its effects on
tubulin synthesis, another compound

CH3)aCH—NH,_ S NO2

(CH3)2CH- N

/P—O
CH30

Fig. 1. Amiprophos methyl [APM; O-methyl-

O-(4-methyl-6-nitrophenyl-N-isopropyl-phos-

phorothioamidate].

CH3
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which has recently been shown to inhibit
flagellar outgrowth (6). In contrast to the
previous inhibitors, this compound,
APM (amiprophos methyl) (Fig. 1) (7),
had a marked inhibitory influence on
tubulin production in deflagellated cells.
Indeed, subsequent experiments have
shown that APM is a rapid, reversible,
and selective inhibitor of tubulin syn-
thesis in C. reinhardi.

Gametic cells of strain 137c were ob-
tained by overnight incubation of vegeta-
tive cells in a nitrogen- and sulfate-
deficient medium (medium V) as de-
scribed (5). For analysis of tubulin induc-
tion, cells were deflagellated by incu-
bation at pH 4.7 for 1 minute (§) and
labeled for 30-minute intervals with
H,%**S0O,. Labeling procedures were
modifications (5) of those developed by
Lefebvre and Rosenbaum (9); we used
100 uCi of carrier-free H,**SO, to label
approximately 107 cells in 0.5 ml of medi-
um V. After labeling, cells were precipi-
tated with ten volumes of acetone and
dried. The acetone powders were dis-
solved in 2 percent sodium dodecyl sul-
fate, 5 percent mercaptoethanol, 10 per-
cent glycerol, 60 mM tris (pH 7.6), and a
portion (containing 2 X 10® count/min)
was subjected to electrophoresis (except
where noted) on a 9 percent polyac-
rylamide gel containing sodium dode-
cyl sulfate. Electrophoretic conditions
were as described ¢, 5).

When gametic cells of C. reinhardi
were deflagellated, tubulin synthesis be-
gan within 15 minutes and continued at
high levels (15 to 20 percent of total cel-
lular protein synthesis) for approximate-
ly 1'/2 hours ¢, 5) (Fig. 2A, tracks 1 to
4). If these cells were treated with 3 uM
APM 5 minutes prior to deflagellation,
tubulin induction was inhibited (Fig. 2A,
tracks 5 to 8). In this experiment only
small quantities of tubulin synthesis
were detected in the first (15 to 45 min-
utes) labeling period after deflagellation
and only trace amounts in the next or
subsequent periods. Thus, APM has a
rapid and severe effect on tubulin induc-
tion after deflagellation.

In addition to blocking the initial in-
duction of tubulin synthesis, APM also
caused a rapid cessation of tubulin syn-
thesis when applied to cells at any time
during the inductive cycle. For instance,
if induction was allowed to proceed for
15 minutes prior to administration of
APM, tubulin synthesis in the succeed-
ing 30-minute period (Fig. 2B, track 1)
was greatly reduced compared to that in
nontreated cells (Fig. 2A, track 1). In the
following labeling period little or no
tubulin synthesis is evident (Fig. 2B,
track 2). Even more dramatic were the
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