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ABSTRACT. Previously we described that bacterial lipopolysaccharide (LPS) promoted DNA synthesis and
supported the cell viability in the factor-dependent macrophage cell lines BDM-1 and BDM-1W3 in the absence
of colony-stimulating factor (CSF). To further examine this phenomenon, in the present study we examined the
effects of serum on CSF-dependent proliferation and LPS-induced DNA synthesis in BDM-1 and BDM-1W3
cells. Fetal calf serum (FCS) was required for CSF-dependent proliferation in BDM-1 and BDM-1W3 cells. FCS
was also required for LPS-induced DNA synthesis in BDM-1W3 cells.

However, at concentrations higher than 0.2%, FCS inhibited LPS-induced DNA synthesis in BDM-1W?3 cells
in a dose-dependent manner. To obtain the inhibitory activity in FCS (FCS-In) for LPS-induced DNA synthe-
sis, FCS was fractionated by gel filtration chromatography using Sephacryl S-200, chromatography on DEAE-
Sephacel, and affinity chromatography on heparin-Sepharose. FCS-In was eluted in the void volume peak from
a Sephacryl S-200 column, indicating that FCS-In has a molecular weight of more than 250,000. The molecular
weight of FCS-In was apparently 270,000 as determined by SDS-polyacrylamide gel electrophoresis (PAGE)
under non-reducing conditions. Upon reduction, four components became detectable with apparent molecular
weights of 170,000, 110,000, 67,000, and 30,000. The inhibitory activity in FCS-In material was inactivated by
heat and trypsin treatment. The partially purified FCS-In inhibited LPS-induced DNA synthesis in BDM-1W3
cells, but did not inhibit the proliferation of BDM-1W3 cells induced by IL-3, granulocyte-macrophage CSF

(GM-CSF), or macrophage CSF (M-CSF).

These results indicate that the inhibition by FCS-In is specific to LPS. Although the site and mechanism of in-
hibition are not known, FCS-In may function in vivo by modulating the interaction of LPS with macrophages.

Macrophages differentiated from progenitor cells
may proliferate in vivo under specific circumstances
(18, 26). Macrophages also proliferate in vitro in the pre-
sence of IL.-3, GM-CSF, or M-CSF (5, 7). When macro-
phages are cultured in vitro, serum is usually added to
the culture medium. However, the role of serum on the
growth of macrophages has not been elucidated well as
yet. It has been reported that murine bone-marrow-de-
rived macrophage cultures do not depend on the pre-
sence of serum-derived growth factors and that the addi-
tion of M-CSF as a single factor promoted the growth
of virtually pure macrophage cultures (20). In contrast
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to these results, the requirement of serum factors for
the in vitro growth of mouse (30) and ovine (6) macro-
phages has been reported.

We previously reported the isolation of three factor-
dependent macrophage cell lines from bone marrow
cells of C3H/HeN mice (15). We have since isolated a
subclone, BDM-1W3, from one of these factor-depend-
ent macrophage cell lines (16, 17). In order to gain a bet-
ter understanding of the serum requirement for macro-
phage proliferation, we examined the effects of serum
on the growth of BDM-1W3 and of its parental cell line,
BDM-1.

Bacterial lipopolysaccharide (LPS) is known to affect
various functions of macrophages (1). LPS shows inhib-
itory effects on the proliferation of macrophages in the
presence of CSF (12, 17, 25), whereas it enhances sur-
vival of mouse bone-marrow-derived macrophages (25)
and human blood monocytes (2, 10) in the absence of
CSFs. We previously reported that LPS promotes DNA
synthesis and supports the cell viability in the absence
of CSFs in BDM-1 and BDM-1W3 cells (17). Although



the molecular mechanisms by which LPS induces DNA
synthesis and supports the cell viability in BDM-1 and
BDM-1W3 cells have not been elucidated, it is possible
that the LPS-induced DNA synthesis and cell survival
are mediated by autocrine production of the growth fac-
tors. Therefore, whether or not LPS-induced DNA syn-
thesis in BDM-1W3 cells also requires serum is interest-
ing. Therefore we examined the effects of serum on
LPS-induced DNA synthesis in BDM-1W3 cells.

We report here, serum requirement for CSF-induced
proliferation in BDM-1 and BDM-1W3 cells. Serum
was also required for LPS-induced DNA synthesis in
BDM-1W3 cells. At high concentrations of FCS, how-
ever, the inhibition of LPS-induced DNA synthesis was
observed in BDM-1W3 cells. We partially purified and
characterized the inhibitory activity in FCS (FCS-In)
for LPS-induced DNA synthesis.

MATERIALS AND METHODS

Cells. The isolation and characterization of two factor-de-
pendent macrophage cell lines, BDM-1 and its subclone,
BDM-1W3, have been reported (15, 16, 17). Conditioned me-
dia from L1929 cells (LCM) and WEHI-3 cells (WEHI3CM)
were prepared as described (14). As previously reported (17),
BDM-1 cells respond to M-CSF and BDM-1W3 cells respond
to IL-3, GM-CSF, and M-CSF. Since LCM and WEHI3CM
are potent sources of M-CSF and IL-3, respectively, BDM-1
and BDM-1W3 cells were cultured in McCoy’s SA (M5A) me-
dium with 20% fetal calf serum (FCS, Hyclone) containing
50% LCM and 50% WEHI3CM, respectively. Calf and horse
serum were obtained from Gibco Laboratories [Grand Island,
NY].

Reagents. LPS from Salmonella typhi was purchased
from Difco (Detroit, MI). Mouse recombinant GM-CSF was
obtained from Genzyme (Boston, MA). Mouse recombinant
IL-3 was provided by Dr. R. Fukunaga (Osaka Bioscience In-
stitute, Osaka, Japan). Human recombinant M-CSF was do-
nated by Dr. M. Takahashi (Otsuka Pharmaceutical Co.,
Ltd., Tokushima, Japan).

Cell proliferation assay. The cells were extensively washed
with MSA medium, trypsinized, plated in each well at 1 X 104
cells/well in MSA medium with 20% FCS in the presence or
absence of CSFs and incubated for 72 hrs at 37°C. To meas-
ure LPS-induced DNA synthesis, we washed BDM-1W3 cells,
trypsinized them, and plated them in each well at 1x10*
cells/well in the presence or absence of LPS (10 zg/ml) and in-
cubated them for 72 hrs at 37°C. The cells were pulse-labeled
with 1 ¢Ci of [*H]-thymidine (S,A, 5 Ci/ml, Amersham Inter-
national ple, England) for the final 48 hrs of culture. Cell pro-
liferation was determined by measuring [*H]-thymidine incor-
poration as described before (17).

Gel filtration. Sera (20 ml) were loaded onto a Sephacryl
S-200 HR (Pharmacia, Uppsala, Sweden) column (2 X 9 cm)
and eluted with 10 mM Tris-HCI (pH 7.5) buffer containing
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0.15 M Nac(l at a flow rate of 14 ml/hr; then fractions (7 ml
each) were collected. A sample (10 z#I) of each fraction was
taken and assayed for the inhibitory activity. To determine
the inhibitory activity, we cultured BDM-1W3 cells in M5SA
medium with 0.2% FCS in the presence of LPS (10 yg/ml)
and a sample of each fraction; then cell proliferation was
measured by [*H]-thymidine incorporation as described
above. The inhibition of proliferation by the inhibitory factor
was calculated relative to the response of cultures without the
inhibitory factor.

DEAE-Sephacel chromatography. The fraction contain-
ing the inhibitory activity, which was eluted at void volume
from a Sephacryl S200 column, was pooled, concentrated
by ultrafiltration (Diaflo YM10, Amicon, Lexington, MA),
and dialyzed against phosphate buffer (25 mM NaH,PO./
Na,HPOy, pH 6.0). A column (2 X 12 cm) of DEAE-Sephacel
(Pharmacia, Uppsala, Sweden) was equilibrated with the
same buffer. The sample (8 ml) was applied to the column and
eluted stepwise with 100 ml of phosphate buffer, 100 ml of
0.1 M NacCl in phosphate buffer, and 100 mi of 1.5 M NaCl in
phosphate buffer. Seven-milliliter fractions were collected and
assayed for the inhibitory activity. For the next purification
step, fractions containing the inhibitory activity were com-
bined, concentrated, and dialyzed against 0.1 M NacCl in 25
mM NaH,PO,/Na,HPO, (Na/Pi) at pH 6.5.

Heparin-Sepharose chromatography. A column (1.5X
4.0 cm) of heparin-Sepharose CL-6B (Pharmacia, Uppsala,
Sweden) was previously equilibrated with 0.1 M NaCl in 25
mM Na/Pi (pH 6.5). The sample (Sml) from the previous
step was applied to the column and eluted stepwise with 100
ml of 0.1 M NacCl in 25 mM Na/Pi (pH 6.5), 70 ml of 0.1 M
NaCl in 50 mM Na/Pi (pH 7.5), and finally 70 ml of 1.5M
NaCl in 50 mM Na/Pi (pH 7.5). Fractions containing the in-
hibitory activity were pooled, concentrated, and dialyzed
against Dulbecco’s Ca*t, Mg'*'-free phosphate-buffered saline
(PBS).

Polyacrylamide gel electrophoresis (PAGE). Fractions
containing the inhibitory activity, which eluted at the break-
through volume from the heparin-Sepharose column, were
pooled and concentrated. SDS-PAGE was performed with 4-
209% gradient gels. The buffer system of Laemmli (9) was used.
The molecular weight was determined by comparison of the
mobility with that of standard proteins (molecular weights in
parentheses): myosin (212,000), a,-macroglobulin (170,000),
B-galactosidase (116,000), transferrin (76,000), glutamic dehy-
drogenase (53,000), and carbonic anhydrase (30,000).

Characterization of inhibitory activity. Experiments de-
signed to determine if the FCS-In preparation was inactivated
by incubation with trypsin were carried out by use of trypsin
covalently bound to acrylic beads (Sigma Chemical Co., St.
Louis, Mo). Approximately 57 g of the partially purified
FCS-In preparation was incubated overnight at room tempera-
ture in 0.3 ml of PBS containing 13 units of trypsin. In the
control experiment, the same amount of FCS-In was incu-
bated in the same manner in PBS without trypsinbeads. In
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another control experiment, trypsinbeads were incubated in
PBS without the FCS-In material and removed by centrifuga-
tion; then the supernatant was assayed for inhibitory activity.
The inhibitory activity toward LPS-induced DNA synthesis in
aliquots of this incubation mixture was assayed as described.

RESULTS

Effects of serum on CSF-induced DNA synthesis of
macrophage cell lines. We previously reported that
BDM-1 cells responded to M-CSF, and BDM-1W3 cells
to M-CSF, GM-CSF, and IL-3, with proliferation (17).
To examine the effects of serum on the DNA synthesis
in BDM-1 and BDM-1W3 cells, we cultured the cells
with CSFs and various concentrations of FCS. When
the FCS concentration was raised from 0.2% to 25%,
CSF-dependent DNA synthesis in both cell lines was en-
hanced in a dose-dependent manner (Fig. 1), indicating
that CSF-induced DNA synthesis in these cells depends
on the presence of serum. The same requirement was
also observed with BDM-1 and BDM-1W3 cells cul-
tured with various concentrations of M-CSF and IL-3,
respectively (data not shown).

Effects of serum on cell growth. We then examined
the effects of serum on M-CSF-induced cell growth.
BDM-1 and BDM-1W3 cells were cultured with 990
units/ml of human recombinant M-CSF in the presence
of various concentrations of FCS. When BDM-1 cells
were cultured with 0.2% FCS, the cells died gradually
(Fig. 2a). At 10% and 259% serum, the cells grew rapid-
ly, and the total cell number increased approximately
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17-to-20-fold by day 12 of culture. In contrast to BDM-
1 cells, BDM-1W3 cells did not die in 0.2% serum
although they did not grow (Fig. 2b), suggesting that se-
rum requirement of BDM-1W3 cells is low compared
with that of BDM-1 cells. These results confirm that
CSF-dependent cell proliferation in BDM-1 and BDM-
1W3 cells requires serum.

Effects of serum on LPS-induced DNA synthesis in
BDM-1W3 cells. As previously reported (17), LPS in-
duced the incorporation of [*H]-thymidine into BDM-
IW3 cells in the absence of CSFs. To examine the
effects of serum on LPS-induced DNA synthesis, we cul-
tured BDM-1W3 cells with LPS in the presence of vari-
ous concentrations of FCS. As shown in Fig. 3, LPS-in-
duced DNA synthesis was not observed when cells were
incubated in the absence of FCS, showing that LPS-in-
duced DNA synthesis also requires serum. However, in
contrast to CSF-dependent cell proliferation, high con-
centrations of serum inhibited LPS-induced DNA syn-
thesis. At 25% of FCS, an approximately 70% reduc-
tion was observed. Similar inhibition was observed with
another lot of FCS (data not shown). We examined
whether high concentrations of calf serum or horse se-
rum affected LPS-induced DNA synthesis (Fig. 3). The
amount of [*H]-thymidine incorporated into the cells
cultured with calf or horse serum was low compared
with that of the cells cultured with FCS, and no signifi-
cant inhibition of LPS-induced DNA synthesis was ob-
served with either of these sera.

Purification and characterization of inhibitory activi-
ty. To gain more information about the inhibitory
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Effects of serum on CSF-dependent DNA synthesis in BDM-1 and BDM-1W3 cells.

(a): BDM-1 cells were cultured for 72 hrs in M5A medium containing human recombinant M-CSF (2,250 U/ml) and various concentrations of
FCS (0). (b): BDM-1W3 cells were cultured for 72 hrs in M5A medium containing human recombinant M-CSF (9,000 U/ml) (0), mouse recom-
binant GM-CSF (100 U/ml) (2 ), or mouse recombinant IL-3 (800 U/ml) (o) and various concentrations of FCS.

DNA synthesis was measured as described in Materials and Methods. The mean values for [*H]-thymidine incorporation (cpm/well) in the
absence of M-CSF at 25% FCS were 2,171 and 3,309 for BDM-1 and BDM-1W3 cells, respectively. Results represent the average of duplicate

determinations.
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Fig. 2. Effects of serum on M-CSF-dependent cell growth.
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BDM-1 (a) and BDM-1W3 (b) cells were plated in M5SA medium containing 0.2% (0), 10% (2), or 25% (o) FCS in the presence of M-CSF
(1,000 g/ml) at 3 x 104 cells/35-mm dish. At the times indicated, the cells were trypsinized, and the number of cells was counted with a hemocy-

tometer. Results are expressed as the mean of duplicate cultures.

effects of FCS on LPS-induced DNA synthesis, we par-
tially purified the fraction containing inhibitory activity
using gel filtration, ion-exchange chromatography and
affinity chromatography. At first, FCS was chromato-
graphed on a Sephacryl S-200 HR column, and various
fractions were assayed for the inhibition of LPS-in-
duced DNA synthesis in BDM-1W3 cells cultured with
0.29% FCS. When FCS was applied to the column, a
major peak containing the inhibitory activity was eluted
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Fig. 3. Effects of serum on LPS-induced DNA synthesis in BDM-
1W3 cells. Cells were incubated for 72 hrs in M5A medium containing
various concentrations of FCS (0), calf serum (A), or horse serum
(0) in the presence of LPS (10 #g/ml). In the control culture, the
cells were plated in MSA medium with various concentrations of FCS
in the absence of LPS (@). Results represent the average of duplicate
determinations.

The mean [*H]-thymidine incorporation (cpm/well) was 2,446 for the
cells cultured with LPS (10 #g/ml) in the absence of FCS (m).
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from the column in the void volume peak (Fig. 4). Since
the upper fractionation limit of Sephacryl S-200 HR has
an approximate molecular weight of 250,000, the inhibi-
tory activity has a molecular weight of more than this
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Fig. 4. Gel filtration of FCS. The chromatography conditions and
column size were described in Materials and Methods. Seven-milliliter
fractions were collected, and elution of protein was measured by ab-
sorption at 280 nm (O). A sample from each fraction was assayed in
duplicate for the inhibitory activity ( 4 ). The mean [*H]-thymidine in-
corporation (cpm/well) was 6,371 for the cells cultured with LPS (10
#g/ml) only. The column was calibrated with BSA (MW 67,000) and
a-chymotrypsinogen (MW 25,000). BSA and a-chymotrypsinogen
eluted from the column at fraction numbers 22 and 31, respectively.
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value. Gel filtration of lipoprotein-depleted FCS also re-
vealed a major peak of the inhibitory activity in the
void volume peak (data not shown). These results sug-
gest that the inhibitory activity is not contained in the
lipoprotein fraction in serum. Next, the fraction con-
taining inhibitory activity from gel filtration was passed
through a DEAE-Sephacel column. The active fraction
was eluted showing a distinct peak at 1.5 M NacCl in
phosphate buffer (Fig. 5). We further purified the inhibi-
tory activity using a heparin-Sepharose column. One
major peak of the inhibitory activity appeared in the
breakthrough volume and two minor peaks were eluted
at 0.1 M NacCl and 1.5M NacCl in phosphate buffer
(Fig. 6). The active fraction indicated by the major peak
was pooled, concentrated and dialyzed; its properties
were then characterized. The material that eluted as the
major peak from the heparin-Sepharose column was
subjected to SDS-PAGE (Fig. 7). When not reduced,
the material consisted of two proteins, which migrated
in a major band with an apparent molecular weight of
270,000 and the other, in a minor band with a molecu-
lar weight of 320,000 (lane 1). Upon reduction, four
components became detectable with apparent molecu-
lar weights of 170,000, 110,000, 67,000, and 30,000
(lane 2). When the partially purified inhibitory factor
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Fig. 5. DEAE-Sephacel chromatography. The active material from
the gel filtration chromatographic step was processed as described in
Materials and Methods, and 8 ml of sample was loaded on a DEAE-
Sephacel column. Elution of protein was monitored by absorption at
280 nm (0), and an aliquot (10 ul) of each fraction was assayed for
the inhibitory activity ( A ). The results are expressed as the mean of
triplicate determinations. The mean [*H]-thymidine incorporation
(cpm/well) was 14,733 for the cells cultured with LPS (10 zg/ml)
only.

from FCS (FCS-In) was incubated at 56°C for 30 min,
or at 100°C for 5 min, the inhibitory activity was re-
duced, although it was not completely lost (Fig. 8). The
inhibitory activity in the FCS-In material was also par-
tially reduced upon incubation with trypsin (Fig. 8).

Effects of FCS-In on DNA synthesis of BDM-1W3
cells. The FCS-In did not inhibit M-CSF-, GM-CSF-,
and IL-3-dependent cell proliferation in BDM-1W3
cells (Fig. 9a). Interestingly, FCS-In stimulated M-CSF-
and GM-CSF-induced proliferation in these cells. At
10 pg/ml, the stimulation in M-CSF-dependent BDM-
1W3 cell proliferation was about 100% . These stimula-
tory effects of FCS-In were not observed with IL-3-de-
pendent BDM-1W3 cell proliferation. It is not clear
whether the stimulation of M-CSF- or GM-CSF-depend-
ent BDM-1W3 cell proliferation is due to the presence
of distinct substances in FCS-In preparation. At 10 pg
/ml, bovine serum albumin (BSA) and a,-macroglobu-
lin did not stimulate M-CSF-dependent BDM-1W3 cell
proliferation (data not shown).

FCS-In also did not inhibit M-CSF-dependent cell
proliferation in BDM-1 cells (data not shown). In con-
trast, FCS-In inhibited LPS-induced DNA synthesis in
BDM-1W3 cells dose-dependently (Fig. 9b). At 1 pg
/ml, approximately 40% reduction was observed; and
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Fig. 6. Heparin-Sepharose column chromatography. Active frac-
tions from the DEAE-Sephacel column were pooled and processed as
described in Materials and Methods. A 5 ml sample was then loaded
onto a heparin-Sepharose column, the column eluted with NaCl (0—
1.5 M) in phosphate buffer in a stepwise manner, and 7-milliliter frac-
tions were collected. Protein elution patterns were monitored by ab-
sorbance reading at 280 nm (0O). Each fraction was assayed in tripli-
cate for the inhibitory activity at a final concentration of 10% (v/v)
(A). The mean [*H]-thymidine incorporation in the control cultures
containing LPS only was 10,058 (cpm/well).
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Fig. 7. SDS-polyacrylamide gradient (4-20%) slab gel electrophore-
sis. FCS-In eluted from the heparin-Sepharose column was analyzed
before (lane 1) and after (lane 2) reduction of disulfide bridges with
5% B-mercaptoethanol at 100°C for 5 min. Five micrograms of pro-
tein was applied per lane. The positions of molecular weight standard
proteins are indicated at the left.

at 10 pg/ml, DNA synthesis was reduced to about 20%
of the control value.

Effects of FCS-In on survival of BDM-IW3 cells.
We then examined the effects of FCS-In on LPS-in-
duced cell survival of BDM-1W3 cells. BDM-1W3 cells
were incubated with 10 #g/ml of LPS in the presence or
absence of FCS-In or with FCS-In only for 6 days.
When the cells were incubated with FCS-In in the ab-
sence of LPS, no inhibition was observed with respect
to the control value. However, the LPS-induced cell sur-
vival was inhibited by FCS-In (Fig. 10).

DISCUSSION

The present study demonstrated that serum was re-
quired for CSF-induced proliferation in the factor-de-
pendent macrophage cell lines BDM-1 and BDM-1W3.
The requirements of serum factors present in FCS for
the proliferation of macrophages (6, 30) and a factor-de-
pendent hemopoietic cell line (4) have been reported
previously. However, the precise nature of these serum
factors has not been well defined as yet.

We previously reported that LPS promotes DNA syn-
thesis and supports cell viability in the absence of CSFs
in BDM-1 and BDM-1W3 cells (17). It has been unclear
whether LPS works directly on BDM-1 and BDM-1W3

216

K. Ohki and O. Kohashi

120

-
N [e.] o
o o [«

E
o

’H-TdR incorporated (% of control)
n
o

Fig. 8. Sensitivity of FCS-In to heat and trypsin. The FCS-In mate-
rial purified by chromatography on the heparin-Sepharose column
was treated with trypsin as described in Materials and Methods.
Another sample of FCS-In material was incubated at 65°C for 30 min
or at 100°C for 5 min. BDM-1W3 cells were plated in MSA medium
with 0.2% FCS in the presence of LPS (10 #g/ml) and FCS-In (60 ug
/ml), heat- or trypsin-treated FCS-In (60 #g/ml), or supernatant of
trypsin bead-treated PBS at 1x 1074 cells/well and incubated for 72
hrs. DNA synthesis was measured as described in Materials and Meth-
ods. The mean [*H]-thymidine incorporation (cpm/well) in the cells
cultured with LPS (10 p#g/ml) in the absence of FCS-In was 21,822,
Results are expressed as the mean of triplicate cultures (+S.D.).

cells or whether promotion by LPS is mediated by an au-
tocrine production of the mediators. If LPS-induced
DNA synthesis was mediated by an autocrine produc-
tion of the growth factors, LPS-stimulated BDM-1W3
cells might require the serum factor as observed with
CSF-stimulated cells. Although a low concentration of
FCS was required, high concentrations of FCS inhib-
ited LPS-induced DNA synthesis in BDM-1W3 cells
(Fig. 3). In comparison with FCS, calf serum and horse
serum did not show significant inhibitory activity to-
ward LPS-induced DNA synthesis in BDM-1W3 cells.
These results suggest that an abundant amount of the in-
hibitory activity responsible for the inhibition of LPS-
induced DNA synthesis is contained specifically in FCS.
Since a mouse bone-marrow-derived macrophage cell
line has been used for the assay of DNA synthesis, these
results indicate a lack of species specificity for the inhibi-
tory activity of the molecules. The inhibition of LPS-in-
duced splenic B cell activation by normal mouse serum
was previously reported (28). The inhibition of the bio-
logical activity of LPS by human (8) and normal rabbit
serum (22) was also reported.
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Fig. 9. Effects of FCS-In on proliferation of BDM-1W3 cells.

FCS-In (yg/ml)

(a): BDM-1W3 cells were cultured for 72 hrs in MSA medium containing 0.2% FCS with M-CSF (12,000 U/ml) (©), GM-CSF (575 U/ml) (), or
IL-3 (400 U/ml) (1) in the presence of various concentrations of FCS-In. The mean values of [*H]-thymidine incorporation were 15,093, 37,251,
and 88,770 for BDM-1W3 cells cultured with M-CSF, GM-CSF, and IL-3, respectively, in the absence of FCS-In. (b): BDM-1W3 cells were cul-
tured for 72 hrs in M5A medium with 0.2% FCS and LPS (10 zg/ml) in the presence of various concentrations of FCS-In (0). The mean [3H]-
thymidine incorporation (cpm/well) in the absence of FCS-In was 24,365. Results are expressed as the mean of triplicate determinations

(+S.D.).
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Fig. 10. Effects of FCS-In on LPS-induced cell survival.
BDM-1W3 cells were plated in MSA medium with 0.2% FCS in the
presence or absence of LPS (10 p¢g/ml) and/or FCS-In (30 gg/ml) at 1
x 10° cells/ml/well. After 6 days of incubation, the cells were trypsin-
ized and the cell number was counted. Results are expressed as the
mean of triplicate cultures (£S.D.).
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To investigate the properties of the inhibitory activity
in FCS, FCS was fractionated by gel filtration on a
Sephacryl S-200 column. The inhibitory activity was
eluted in the void volume peak containing macromole-
cules such as a,-macroglobulin (Fig. 4). These results
indicate that the inhibitory activity has a molecular
weight of approximately more than 250,000. The inhibi-
tory activity was further purified by chromatography
on DEAE-Sephacel and heparin-Sepharose columns.
When the molecular weight of partially purified inhibi-
tory activity (FCS-In) was estimated by SDS-PAGE,
the molecular weight of 270,00 was obtained under
non-reducing conditions. Upon reduction, four bands
with apparent molecular weights of 170,000, 110,000,
67,000, and 30,000 were detected (Fig. 7). These four
proteins were electroblotted onto polyvinylidene difluo-
ride membranes, and partial NH,-terminal amino acid
sequences were determined. When the NH,-terminal se-
quences of these four proteins were searched for in the
Swiss-Prot 19 protein data base, we found that the two
proteins having molecular weights of 170,000 and
110,000 were homologous to human «a,-macroglobulin
and a third protein (MW. 67,000) was homologous to
BSA. However, no homologous relationship between
the protein having the molecular weight of 30,000 and
any other proteins that have been already sequenced
was shown (K. Ohki, unpublished results). Further bio-



chemical characterization of this material revealed sen-
sitivity to heat as well as trypsin, demonstrating it to be
proteinareous in nature (Fig. 8). FCS-In inhibited LPS-
induced DNA synthesis and the promotion of viability
in BDM-1W3 cells, whereas it did not affect M-CSF-,
GM-CSF-, and IL-3-induced DNA synthesis in the
same cells (Fig. 9). These results suggest that FCS-In is
a factor specific for LPS rather than a nonspecific cyto-
toxic factor. The inactivation of LPS in most studies ap-
pears to involve interaction of LPS with non-immuno-
globulin factors in the serum. It has been reported that
LPS interacts with a variety of plasma proteins includ-
ing transferrin (3) and «,-macroglobulin (21). Human
ay-macroglobulin and BSA did not inhibit LPS-induced
DNA synthesis in BDM-1W3 cells (data not shown). In
another series of studies, it was shown that LPS binds
to high-density lipoproteins in serum and plasma and
that the resulting LPS-lipoprotein complex is markedly
less active than unbound LPS in many systems (23, 24).
In addition to high-density lipoproteins, low-density lip-
oproteins bind LPS and markedly reduce the cytotoxic
effects of LPS (13, 27). However, in our case FCS-In
was purified from lipoprotein-depleted FCS (data not
shown). Our preliminary results indicated that partially
purified FCS-In inhibited the proliferation of a mouse
myelomonocytic leukemic cell line (WEHI3), and in-
duced the expression of Fc-receptor on WEHI3 cells,
whereas lipoproteins isolated from FCS did not show
these activities (K. Ohki, unpublished results). There-
fore, it is unlikely that FCS-In has the same molecu-
lar properties as lipoproteins. Recently, it was reported
that the complex of LPS and an LPS-binding protein in-
teracts with CD14 or binding sites for LPS on the sur-
face of monocytes and macrophages (11, 19, 29). Thus,
an explanation for the inhibition of LPS-induced DNA
synthesis could be that before being attached to the
cells, LPS binds to FCS-In and the resulting LPS-FCS-
In complex is less active than unbound LPS. An alterna-
tive explanation could be that FCS-In itself is a ligand
for CD14 and the interaction between these molecules
prevents the specific binidng of LPS to the cells. The
third possibility is that the interaction of FCS-In with
its specific receptor prevents the transduction of signals
resulted from the interaction of LPS with the cells. In
our preliminary experiments, the partially purified FCS-
In inhibited the proliferation of mouse and rat myeloid
leukemic cell lines and a mouse macrophage-like cell
line. Furthermore, FCS-In enhanced Fc-mediated phag-
ocytosis by a mouse macrophage-like cell line (K. Ohki,
unpublished results). Taken together, these results sug-
gest that FCS-In binds to the cells and the intracellular
signals are transduced from the interaction of FCS-In
with the cells.

Because FCS-In was not completely purified in this
study, it is possible that several inhibitory molecules
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were also detected by the procedure shown here. Fur-
ther purification of FCS-In is in progress.
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