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Summary. TGF-B modulates growth and differentiation in many cell types.
MC3T3EY is a clonal non-transformed murine bone cell 1ine which
differentiates in culture. We tested the effect of porcine TGF-8 on the
proliferation and differentiation of MC3T3E1 cells in monolayer cultures by
following cell number, and alkaline phosphatase activity. TGF-B treatment
(2 ng/ml) altered the shape of MC3T3E1 cells from cuboidal to
elongated/spindle-shape. TGF-B inhibited the growth of MC3T3E1 by up to 40%
{P<0.02) in a dose-dependent manner with half maximal dinhibition at 1
ng/ml. Growth inhibition depended on serum concentration, maximal
inhibition occuring at 2% serum. Expression of alkaline phosphatase, which
peaks in vitro when the cells reach confluence, was strongly inhibited by
TGF-B, n a dose-dependent manner with half maximal inhibition at around
0.05 ng/ml and complete inhibition at 2 ng/ml. Alkaline phosphatase
inhibition was irreversible after 24 hours exposure to TGF-B. © 1986 Academic

Press, Inc.

Transforming growth factor B (TGF-B) is a 25,000 dalton homodimer (1)
which stimulates anchorage independent growth (2,3) and modulates growth and
differentiation 1in various cell types (4,5,6,7). TGF-8 is isolated from
platelets (8), kidney (9) and placenta (10), is very abundant in bone (200
ug/kg tissue) (11,12) and is probably made by osteoblasts (13-15). TGF-p
induces bone resorption in cultured mouse or rat calvaria (16,17) and
increases the level of alkaline phosphatase (AP) in rat osteosarcoma cells
(17). In cells from neonatal rat muscle, TGF-B stimulates chondrogenic
differentiation in vitro, in the same manner as extracts from bone matrix
(18). Indeed, partial amino acid sequence of the purified extract is
identical to TGF-p {19). To further study the potential role of TGF-B as an
autocrine regulator of bone metabolism we examined its effect on morphology,

proliferation and alkaline phosphatase expression in the clonal murine
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calvaria-derived cell 1ine MC3T3El, which shows differentiation and

mineralization in vitro (20).

Materials _and Methods

TGF-B was purchased from R&D Systems, Inc. (Minneapolis, MN). It was
obtained from procine platelets and is reported to be 96% pure. The sample
of TGF-B used in this study stimulated anchorage independent growth in
normal rat kidney c¢ells NRK-49F. Alpha(«)-MEM and kanamycin sulfate
solution are from GIBCO Grand Island, NY, fetal bovine serum (FBS) from KC
Biological, Laneza, KS.

MC3T3E1 cells were kindly provided by Dr. Kodama and were maintained iE
5% €0, at 379C. Cells were subcultured every three days at 2,000 cells/cm
in a o-MEM medium with 10% FBS and 60 ung/m) }anamycin sulfate. For
experiments, cells were plated at 2,000 cells/cm“ and were grown for 24
hours in a «-MEM with 10% FBS. Cells were then cultured in fresh media
with TGF-B. A1l control cells were cultured with vehicle (0.1% v/v, 4mM
HC1). Unless indicated otherwise media contained 10% FBS. In experiments
where serum concentration was varied, cells were rinsed three times with
serum free a-MEM before the addition of media with TGF-B or vehicle.

At given time points, cells were trypsinized and counted by Coulter
Counter (Coulter Electronics Inc., FL). Morphological observations were
carried out with a phase contrast microscope (Nikon, Japan).

At indicated times, medium was removed and the cells were rinsed with
Ca2+—M92+—free Hank's solution and then scraped into 10mM Tris HC1 pH 7.5,
0.5 mM MgCl,, 0.1% Triton X-100, and frozen. Alkaline phosphatase activity
was measured in thawed and sonicated samples as described (21). Protein was
measured in the same sample by Coumassie blue binding using bovine serum
albumin as standards (22). Statistical significance was estimated by
Student's t-test.

Results

At low cell density the osteogenic MC3T3El1 cells display a fibroblastic
morphology, which is similar to that of 1lipogenic and myogenic cells of the
same origin (23); near confluence, the osteogenic cells become cuboidal and
have a cobblestone-1ike arrangement (20). Forty eight hours after TGF-B
addition at (2 ng/ml) these cells became elongated, and spindle shaped
(Figure 1) at all serum concentrations tested (0.2,2,10%). In serum free
cultures, TGF-B caused cell rounding while control cells maintained their
processes.

TGF-g, at 2 ng/ml, inhibited the growth of MC3T3El cells by 18% (p<0.01)
at 3 days and 40% (p<0.02) at 6 days, vrelative to corresponding
controls, in the presence of 10% FBS. This effect was dose dependent: the
ECSO estimated 6 days after initiation of treatment was 1.0 ng/ml (Figure 2).

Since TGF-B stimulation of NRK cell growth in soft agar requires the

presence of EGF we examined the effect of serum concentration on the action
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Figure 1. Effect of TGF-B on the morpholegy of MC3T3E1 cells. Cells were
seeded at 2,000 cells/cm in 2 cm wells in o-MEM supplemented
with 10% FBS. After 24 hours, media were replaced with fresh
medium with or without TGF-B. The phase contrast micrographs
were taken on day 4 of culture. (A) Control cells. (B) Cells

treated with TGF-B 2 ng/ml.

of TGF-8 (2 ng/ml).

dependent on serum concentration (Figure 3A).

Cell growth and growth 1inhibition by TGF-B were

No inhibition was observed at
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Figure 2. Dose-response relationship of the effect of TGF-B on growth of
MC3T3E1 cells. Cells were cultured in media with 10% FBS as
described in legend to Figure 1. Cells were trypsinized and
were counted on day 7 by Coulter Counter. Data are mean values

(®#) from four samples t standard deviations. This is one of
two similar experiments.

0 and 0.2% serum, although the cell number increased three and ten fold
respectively. Maximal 1inhibition, 47% (p<0.01), was observed at 2% serum,
at 10% serum inhibition was 24% (p<0.01).

Alkaline phosphatase (AP) 1is one of the phenotypic markers of
osteoblasts. AP levels rose in MC3T3El cells seeded at 2,000 ceHs/cm2 from
below 0.05 umole/min/mg protein to 0.99t0.25 wmole/min/mg protein after 11
days in culture, when the cells reached confluence. TGF-B added one day
after seeding (2ng/m1 in 10% FBS) inhibited the expression of AP by 83%
(p<0.05) (Figure 4), completely preventing the rise in AP observed in
control cultures. The TGF-B effect was dose dependent (Figure 5) with half
maximal inhibition around 0.05 ng/m} and complete inhibition at 2 ng/ml.
The rise in AP in control cultures depended on serum concentration. TGF-8
(2ng/m1) inhibition was only seen when AP levels rose considerably at 2% and
10% FBS (85% inhibition, p<0.01, and 73%, p<0.05, respectively, figure 3B).
To test the time of exposure required for producing the TGF-B effect, cells

were cultured with TGF-B (2ng/ml) for 24 or 72 hours and, after rinsing
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Figure 3. £ffect of serum concentration on TGF-B inhibition of (A} growth
and (B) AP in MC3T3E1 cells. Cells were cultured as described
in legend to Figure 1 at the indicated serum concentrations.
Cells were trypsinized and counted on day 7. AP was assaved on
day 11. Open bars are mean values from two to four samples of
cells cultured with vehicle and hatched bars are from cells
treated with TGF-R (2ng/ml1) + standard deviations.

three times, the cuiture was continued to confluence in the absence of
TGF-B. This treatment inhibited AP by about 50% (p<0.01) (Figure 6A) but

had no effect on cell number (Figure 6B).
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Time course of the TGF-p effect on the expression of alkaline
phosphatase in MC3T3El cells. Cells were cultured in media with
10% FBS as described in TJegend to Figure 1. AP specific
activity was measured as described in Methods. (0) Controls
cultured with vehicle. (@) Cells treated with TGF-g (2ng/ml).
Data are mean values from two to four samples + standard
deviations from one of two similar experiments.
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Dose response relationship of TGF-Bp effect on alkaline

phosphatase 1in MC3T3E1 cells. Cells were cultured in media with
10% FBS as described in legend to Figure 1. AP specific
activity (@) was measured on day 11. Data are mean values from
two to four samples + standard deviations from one of two
similar experiments.
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Figure 6. Effect of transient esposure to TGF-B on the expression of (A)
alkaline phosphatase and (B) growth in MC3T3E1 cells. Cells
were seeded as described in legend to Figure 1. After 24 or 72
hours treatment with TGF-B (2ng/ml1) in the presence of 10X FB8S,
cells were cultured in fresh media without TGF-B. AP activity
was measured at day 11 and cells were counted at day 7. Data
are mean values from two to four samples * standard deviations
from one of two similar experiments. Experiments were repeated
twice.

Discussion
TGF-B 1induces shape changes, inhibits growth and suppresses alkaline
phosphatase expression in MC3T3E1 cells, Should this occur in_vivo TGF-B

may inhibit bone formation in addition to its stimulation of bone resorption
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(16). However, the action of TGF-B in bone may be more complicated since it
was shown to stimulate DNA synthesis in fetal rat calvaria organ cultures
and in isolated calvaria cells, as well as in the osteoblastic osteosarcoma
cells UMR-106, seeded at low density (24). On the other hand, TGF-B at
higher concentrations (10-30 ng/ml) inhibited DNA synthesis 1in the same
cells (24). We have found that TGF-B also inhibited growth in the ROS
17/2.8 osteoblastic rat osteosarcoma cells (data not shown) along with
stimulation of alkaline phosphatase (13,17). TFG-B inhibition of growth and
bifunctional effects on cell growth have been observed in many other cells
(3,4,7,25). This may be a general feature of this factor possibly due to
the dependence of TGF-B action on other growth factors, such as EGF, and on
the state of the responsive cells (4). The dependence of the effects of
TGF-B on serum concentration, reported here, is consistent with this notion,
which dictates caution in extrapolating in vitro growth control effects to

the in vivo situation.

TGF-8 inhibition of alkaline phosphatase, a marker of osteoblastic
differentiation in these cells, was very pronounced and is analogous to the
suppression of adipocytic differentiation in  3T3-L1 cells (5).
Interestingly, a 24-hour exposure to TGF-B during the early growth phase,
was sufficient to completely prevent the rise in AP seen at confluence, but
had no detectable effect on cell growth. These findings are consistent with
the prevention of 3T73-L1 cell-differentiation by a short (4 hr) exposure to
TGF-B prior to the commitment point (5) and with the reversible inhibition

of proliferation observed in prokeratinocytes (26).

In contrast TGF-B increased alkaline phosphatase levels in the rat ROS
17/2.8 cells (13,17). It 1is not clear if the difference between TGF-B
effects on MC3T3E1 cells and ROS celis is due to species differences (mouse
vs. rat), to properties associated with the malignant nature of the ROS
17/2.8 cells, to the state of differentiation of the two cell populations
when exposed to TFG-B or to the presence of other modulating factors. It

should be noted that MC3T3E1 cells exhibit a much larger change in AP
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expression between the growing phase, when AP 1levels are very low, and

confluence, when they increase considerably (27).

In conclusion, TGF-B which s abundant in bone and promotes the

differentiation of muscle derived mesenchymal cells into cartilage (18)

inhibits the proliferation and suppresses the differentiation of osteogenic

MC3T3E1 mouse cells. This factor may thus play a regulatory role in bone

development, but its site and time of action and ultimate physiological

effect remain to be determined.
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