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ABSTRACT. We havereported that an inhibitor of interleukin-3 (NIL-3) is produced from murine bone marrow
cellsin response to excess stimulation of interleukin-3. In this report, we attempted the purification of the NIL-3
activity from bone marrow culture supernatant in the presence of interleukin-3. The purified NIL-3 activity was a
protein with relative molecular weight of 54.5 kDa (SDS-PAGE), which inhibited the growth of 1L-3 dependent
DA-1 cell growth in a dose dependent manner. The N-terminal amino acid sequence of purified NIL-3 activity was
deter mined to be homologous to beta-2 glycoprotein | (apolipoprotein H: APO-H). The gene expression of APO-H
was detected by nested-PCR in STIL-3 C5-CM stimulated total bone marrow cellsand STIL-3 C5-CM stimulated
bone marrow fraction 2 (Fr. 2) which has been reported as a hematopoietic stem cell rich fraction. These observa-
tionsindicate the possibility that the APO-H isthe NIL-3 which was produced from bone marrow cellsin response

to excess|L-3 stimuli.
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The growth and differentiation of hematopoietic stem cells
is controlled by the hematopoietic microenvironment as
well as by soluble growth factors (Metcalf, 1986; Wolf,
1979). Accumulated evidence shows the multifunction of
interleukin-3 (IL-3) on hematopoiesis. The growth and/or
differentiation inducing activity of hematopoietic progeni-
tors or stem cells, and their involvement in positive feed-
back mechanisms in mouse granulopoiesis has been report-
ed (Miyashitaet al., 1991; Tsuji et al., 1994).

However, in addition to stimulatory factors, negative
feedback mechanisms and producing suppressive factors to
compensate for the excess stimuli of IL-3 are also essential
for the maintenance of stable state of hematopoiesis. Sever-
al hematopoietic inhibitors have been reported, such as stem
cell inhibitor (MIP-1a)) (Graham et al., 1990; Lord et al.,
1976; Wolpe and Cerami, 1989), lactoferrin (Broxmeyer et
al., 1984), TGF-B (de Larco and Todaro, 1978; Holley et al.,
1980; Tucker et al., 1984), inhibitors of erythroid and
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granulocyte-macrophage progenitors (Axelrad et al., 1981;
Broxmeyer et al., 1981; Broxmeyer et al., 1986), IL-1
inhibitors (Carter et al., 1990; Hannum et al., 1990), and
inhibitor of 1L-3 dependent cells (Lenfant et al., 1989;
Pluthero et al., 1990).

Yoshida and Seki (Yoshida and Seki, 1985) induced T
cell leukemia, L8313, in mice. IL-3 producing leukemic T
cell line (STIL-3 C5) was established from the spleen cells
of L8313 bearing C3H mice (Sawada et al., 1988). We
found that IL-3 activity in the bone marrow of L8313 mouse
was lower than that of the spleen, although the existence ra-
tio of IL-3 producing leukemic T cells in the bone marrow
and the spleen was amost the same. When STIL-3 C5 cells
were co-cultured with normal bone marrow cells, IL-3 ac-
tivity in the culture supernatant was lower than when STIL-
3 C5 cellswere cultured alone. When these conditioned me-
dia (CM) were heated at 70°C for 30 minutes, IL-3 activity
was recovered, indicating the existence of heat-labile IL-3
inhibitor, named NIL-3, in the CM of bone marrow cells
culture in the presence of excess IL-3 stimuli (Sugimoto et
al., 1992). In the present report, the purification of NIL-3,
its physiological activity to IL-3 dependent cells and its
gene expression in bone marrow cells were described.



Materials and Methods

Mice

Female mice of C3H/HeNSIc strain were purchased from
Japan SLC, Inc. (Shizuoka, Japan), housed under specific
pathogen free conditions, and used at 8-10 weeks of age.

Cell lines

An IL-3 producing T cell line derived from L8313 leukemic
mice, STIL-3 C5 (Sawada et al., 1988), was maintained in
RPMI 1640 medium supplemented with 5% (v/v) FBSin a hu-
midified atmosphere. Mouse IL-3 dependent cell line DA-1
(Ihle, 1985; Ihle and Askew, 1989) was maintained in RPMI-
1640 medium supplemented with 10% (v/v) FBS and 10%
(v/v) STIL-3 C5-CM as asource of IL-3. During cell prolifera-
tion assay, the STIL-3 C5-CM was replaced with recombinant
murine IL-3 (Kirin co. Ltd., Tokyo, Japan).

Media conditioned by STIL-3 C5 cellsas source of 1L-3

STIL-3 C5 cells was cultured in the growth medium at a
density of 1x10° cellsmL for 3 days. The CM was collected
and centrifuged at 600xg for 15 min at 4°C, sterilized by pass-
ing through 0.22 um cellulose-acetate membrane (Millipore,
Bedford, MA, U.S.A.), and stored at —30°C until use.

Purification of the inhibitory factor of IL-3 (NIL-3)

Purification of NIL-3 was performed according to the method
described previously (Sugimoto et al., 1992), with some modi-
fications to deal with the large amount of the sample.

To induce the production of NIL-3, total bone marrow cells
from C3H/HeNSIc mice were stimulated with growth medium
(RPMI-1640 medium supplemented with 50% (v/v) STIL-3
C5-CM, 5% (v/v) FBS, and 10 mM HEPES) containing excess
IL-3 at 37°C for 4 days. After 4 days, the CM was centrifuged
at 15000xg for 30 min at 4°C, then aprotinin (Wako Pure
Chemicals, Osaka, Japan) was added at afinal concentration of
50 units/mL. The CM was stored at —-80°C as a crude sample.

The stored sample was thawed and saturated with 4.25M
ammonium sulfate, and stirred for 24 hours at 4°C. The sample
was then centrifuged at 15000xg for 20 min at 4°C. The precip-
itate was dissolved in 0.1 M phosphate buffer (pH 7.0) supple-
mented with 0.5mM dithiothreitol (DTT), 0.1mM EDTA, and
dialyzed against a large volume of the same buffer at 4°C (step
1 sample).

For the hydrophobic interaction chromatography, step 1
sample was saturated with 0.8 M ammonium sulfate, and ap-
plied to HPLC column (TSKgel phenyl-5PW, 21.5 mm IDx150
mm, Tosoh, Tokyo, Japan). Elution of proteins was carried out
with a linear gradient of ammonium sulfate (from 0.8 M to O
M), at aflow rate of 4 mL/min. The positive fraction of NIL-3
activity (P1 fraction) was concentrated and dialyzed against 20
mM TrissHCl (pH 7.0) containing 0.5 mM DTT, 0.1 mM
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EDTA (step 2 sample).

For the third step of purification, ion-exchange chromatogra-
phy was carried out. Step 2 sample was applied to TSKgel
DEAE-5PW (21.5 mm IDx150 mm, Tosoh, Tokyo, Japan) and
Mono-Q HR 5/5 (5 mm IDx50 mm, Amersham Pharmacia
Biotech AB, Uppsala, Sweden). Proteins were eluted with a
linear gradient of NaCl (0 M to 1 M), at a flow rate of 4 mL/
min and 1 mL/min, respectively. The positive fraction of NIL-3
activity (X1 fraction) was concentrated and dialyzed against 10
mM MES (pH 6.0) containing 0.5 mM DTT and 0.1 mM
EDTA (step 3 sample).

Step 3 sample was applied to Mono-S HR 5/5 (5 mm IDx50
mm, Amersham Pharmacia Biotech AB, Uppsala, Sweden) for
further purification. Proteins were eluted with a linear gradient
of NaCl (0 M to 1 M), at aflow rate of 1 mL/min. The positive
fraction of NIL-3 activity (V3 fraction) was concentrated and
the buffer was exchanged to 10 mM sodium phosphate buffer
(pH 7.0) using Centricon-30 (Millipore, Bedford, MA, U.S.A.)
(step 4 sample).

Concentrated step 4 sample was applied to HiTrap Heparin
(16 mm IDx25 mm, Amersham Pharmacia Biotech AB, Upp-
sala, Sweden). The positive fraction of NIL-3 activity (W2
fraction) was concentrated and the buffer was exchanged to 50
mM sodium phosphate buffer (pH 6.8) containing 0.5 M NaCl,
0.5 mM DTT and 0.1 mM EDTA by Centricon-30 as step 5
sample.

After heparin affinity chromatography, we performed gel fil-
tration chromatography as the final purification step. Step 5
sample was applied to G3000SWXL (7.8 mm IDx300 mm,
Tosoh, Tokyo, Japan). NIL-3 activity was concentrated in rela
tive molecular weight of about 60 kDa (K2) fraction, as we
have reported previously (>50 kDa) (Sugimoto et al., 1992).
The eluted fraction (step 6 sample) was concentrated and the
buffer was exchanged to PBS by Centricon-30, and then steril-
ized with 0.22 um cellulose-acetate membrane and used in
DA-1 cell proliferation assay.

Fractionated and concentrated NIL-3 activity was anayzed
by SDS-PAGE, and N-terminal amino acid sequence of the
main band was determined.

The protein concentration at each purification step was de-
termined by Lowry method or Micro BCA Assay Kit (Pierce,
Rockford, U.S.A.) with BSA standards.

NI L-3 activity of recombinant murine IL-3 stimulation

Total bone marrow cells were stimulated with recombinant
murine IL-3 (Kirin Co., Ltd., Tokyo, Japan) at afinal cell den-
sity of 1x106 cellmL for 4 days. The NIL-3 activity of collect-
ed CM was determined by DA-1 cell proliferation assay, as de-
scribed bel ow.

Total RNA extraction and RT-PCR

Total RNA was extracted from total or fractionated normal
bone marrow cells, L8313 leukemic liver, spleen and total bone
marrow using TRIZOL LS Reagent (Invitrogen Corp., Carls-
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bad, CA, U.S.A.). Two micrograms of total RNA was reverse-
transcribed using Omniscript reverse transcriptase (Qiagen
K.K., Tokyo, Japan). RT-PCR was carried out under standard
conditions for 30 cycles with denaturation at 94°C for 1 min,
annealing at 65°C for 1 min, extension at 72°C for 1 min, and
final extension at 72°C for 5 min. We used custom primers
according to murine apolipoprotein H mRNA sequence
(GenBank NM-013475).

Primer sequences for 1st-PCR were 5'-CGGGATCCATG-
GTTTCCCCGGTGCTC-3' (sense-1, BamHI site plus position
32-49), and 5'-CCCAAGCTTTCAGCACGGTGTCAGITC-3
(antisense-1, position 1052—-1069 plus Hindl Il site). Following
the 1st-PCR, we performed 2nd (nested)-PCR using 0.2 pl of
1st PCR product in a reaction volume of 20 pl, in the same
conditions under 1st-PCR. Primer segquences for nested-PCR
were 5 -CGGGATCCGGACGGATCTGTCCGAAG-3' (sense-
2, BamHI site plus position 89-106) and 5 -GATAGTGC-
CATCTCTGCAATGAGC-3' (antisense-2, position 968-991).

Apolipoprotein-H is known to be produced in liver (Nonaka
et al., 1992), therefore, reverse transcripts of C3H/HeN liver
total RNA were used as positive control of amplified products
in bone marrow cells. For the internal control, we used ampli-
fied product of B-actin. Primer sequences for -actin were 5'-
TCAGAAGGACTCCTATGTGG-3' (sense, position 224-243)
and 5 -TCTCTTTGATGTCACGCACG-3' (antisense, position
704—723) (Tokunaga et al., 1986). Amplified cDNA products
were analyzed in 1% (w/v) agarose gel and stained with ethidi-
um bromide.

Preparation of recombinant APO-H

To prepare the recombinant protein, we amplified the cDNA
encoding murine apolipoprotein H from the normal C3H/HeN
liver cDNA library by RT-PCR. RT-PCR was carried out with
custom primers (sense-2 and antisense-1, described above)
which have BamHI and Hindl I restriction sites at the 5’ and 3'
ends, respectively. PCR was performed for 35 cycles with de-
naturation at 94°C for 1 min, annealing at 65°C for 1 min, ex-
tension at 72°C for 1 min, and final extension at 72°C for 5
min.

The PCR product was purified and cloned into pBluescript
SK(-) plasmid by TA-cloning. The cDNA insert encoding
APO-H was prepared by digesting the cDNA with BamHI and
Hindlll, and purified by electrophoresis. The BamHI/Hindll|
cDNA fragment was cloned into BamHI/Hindlll digested
pPFASTBAC HTb donor plasmid containing 6xhistidine (6xhis)
tag and rTEV protease recognition sequence, and transposed
into the baculovirus expression vector system (Bac-To-Bac
Baculovirus Expression System: Invitrogen Corp., Carlsbad,
CA,USA)).

The 6xhis tagged-recombinant protein was purified from Sf9
cell lysate by immobilized metal affinity chromatography, and
6xhis tagged-recombinant APO-H was eluted in buffer con-
taining 500 mM imidazole. The eluted fraction was concentrat-
ed with phosphate buffered saline (PBS") by Centrocon-30.
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The protein concentration was determined by Micro BCA
kit (Pierce) with BSA standards.

DA-1 cell proliferation assay of |1L-3 antagonism

To examine the inhibitory activity of NIL-3, cell proliferation
assay was carried out using IL-3 dependent DA-1 cells. Briefly,
DA-1 cells were cultured at the final concentration of 4x10°
cells/mL in RPMI 1640 containing 10% (v/v) FBS, 10 ng/mL
rmiL-3, and heated (70°C, 30 min) or not-heated test protein
sample in 96-well plate for 96 hours. After 96 hours, cells were
stained with 2% trypan blue and the number of living cells was
counted.

Since the partially purified NIL-3 contains a small amount
of native IL-3, the NIL-3 activity was calculated by compari-
son of the growth of DA-1 cells in the presence of normal test
sample with heated (70°C, 30 min) sample (Sugimoto et al.,
1997).

Formula-lis:

Inhibition (%) = 100x{ 1- (Growth of DA-1 cells with native
test sample) / (Growth of DA-1 cells with
heated test sample)}

From purification step 4, NIL-3 activity was calculated by
formula-2, since the NIL-3 activity was separated from IL-3
activity.

Formula2is:

Inhibition (%) = 100x{ 1+Growth of DA-1 cells with native
test sample plus rmiL-3) / (Growth of DA-
1 cellswith plus rmIL-3)}

Results

I nduction of NIL-3 activity by recombinant murine
IL-3

For induction of the NIL-3 activity, we stimulated the bone
marrow cells with STIL-3 C5-CM as the source of IL-3.
However, as the STIL-3 C5-CM still contains various pro-
teins including serum proteins, we attempted to stimulate
the bone marrow cells with recombinant murine IL-3 alone.
DA-1 cédl proliferation assay showed that comparatively
high NIL-3 activity was induced by the stimulation with
>80 ng/mL of recombinant murine IL-3 (Fig. 1).

Physiochemical properties of NIL-3

The NIL-3 purification steps are summarized in Table|. The
NIL-3 is produced by a certain population of bone marrow
cellsin response to excess stimulation of IL-3 (Sugimoto et
al., 1997), and therefore the crude sample inevitably
contains large amounts of IL-3. As NIL-3 was shown to be
heat-1abile (Sugimoto et al., 1997), NIL-3 activity was cal-
culated from the comparison of heated sample (70°C for 30
min) with not-heated sample (formula-1), until NIL-3 activ-
ity was separated from IL-3 activity at step 4 (formula-2).
At the sixth step of purification, the NIL-3 activity was
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Fig. 1. Induction of NIL-3 activity by recombinant IL-3 stimulation.

Results are indicated as a percentage (mean, n=3) of normal DA-1 culture
condition. P. Cont.: 50% STIL-3 C5-CM stimulated bone marrow CM was
tested by DA-1 cell proliferation assay.

fractionated in K2 fraction. The relative molecular weight
of thisfraction was 60 kDa (calibrated by Gel filtration cali-
bration kit, Amersham Pharmacia Biotech AB, Uppsala,
Sweden) (Fig. 2a, b). The purified protein at each purifica
tion step inhibited the growth of 1L-3 dependent DA-1 cells
in a dose dependent manner (Fig. 3).

However, when SDS-PAGE of K2 fraction was carried
out, a magjor band was found at the relative molecular
weight of 54.5 kDa (Fig. 4) in silver-stained gel (calibrated
by LMW electrophoresis calibration kit, Amersham Phar-
macia Biotech AB, Uppsala, Sweden). This appears be the
result of the overlapping of two or more peaks including the
54.5 kDa peak by decrease of column resolution. The >60
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kDa fractions (KO and K1) had no or very low NIL-3 activi-
ty (Fig. 2b), and the 60 kDa protein in silver-stained gel was
BSA (data not shown).

Amino acid sequence of the 54.5 kDa protein was deter-
mined. The sequence of the first 8 amino acid from N-termi-
na was GRTCPKPD, which was homologous with the first
8 amino acid sequence of the mature form of bovine beta-2-
glycoprotein-I (apolipoprotein H).

PCR analysis

Apolipoprotein-H (APO-H) is a plasma protein which has
been reported to bind to various negatively charged sub-
stances, such as heparin and phospholipids. While the puri-
fied NIL-3 was homologous with bovine APO-H, there was
a possibility that the NIL-3 might also be homologous with
murine APO-H, because only asingle amino acid difference
existed in the first 8 amino acids of murine APO-H, which
were GRICPKPD (Nonaka et al., 1992). Therefore, we per-
formed nested-PCR to investigate the gene expression of
murine APO-H in bone marrow cells.

By RT-PCR, murine APO-H gene expression was detect-
ed at predicted size (903 bp) in STIL-3 C5-CM stimulated
total bone marrow cells, but not in normal total bone mar-
row cells (Fig. 5). Moreover, when the total bone marrow
cells were fractionated by Percoll density-gradient centrifu-
gation, APO-H gene expression was detected in STIL-3 C5-
CM stimulated fraction (Fr.) 2 (1.064<p<1.074), which has
been reported to be a hematopoietic stem cell rich fraction
(Sugiuraet al., 1988).

When the amplified cDNA fragment in bone marrow by
nested-PCR was sequenced, it showed that the sequence
was 99% homologous to murine APO-H (data not shown).

In order to investigate the in vivo gene expression of
APO-H, we used total RNA of the liver, spleen and the total
bone marrow cells from L8313 leukemia bearing mice. The
gene expression of APO-H was detected in these organs
(Fig. 6a, b and c). The IL-3 producing leukemic T-cell line,

Tablel. SUMMARY OF THE PURIFICATION OF NIL-3 ACTIVITY
Protein Yield ecific activity? Purification

Step No. mg % ® units'mg Y fold

0 Crude sample (conditioned medium) 12075 100.00 174 1.00

1 Ammonium sulfate fractionation (40-80% ppt.) 9583 79.36 n. t.o nt.

Hydrophobic interaction chromatography 1526 12.64 2.80 156

31 Anion exchange chromatography 1 (DEAE) 652.9 4.69 n.t. nt.
32 Anion exchange chromatography 2 (Mono-Q) 555.7 1.80 45.05 25.03
4 Cation exchange chromatography 14.8 0.16 90.91 50.51
5 Heparin affinity chromatography 9.804 0.081 100.00 55.56
6 Gel filtration chromatography 0.155 0.0013 1250.00 694.44

8 Specific activity: NIL-3 activity was tested by DA-1 cell proliferation assay as described in Materials and Methods. One unit of NIL-3 activity was de-
fined as the activity which inhibit the DA-1 growth to 50% of contral. ® n. t.: not tested
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Fig. 2. Result of gel filtration chromatography. The fina purification
steps of NIL-3 activity are indicated. Gel filtration chromatography was
performed using G3000SWxL column (a). The NIL-3 activity of fraction-
ated sample at each step isindicated below (b).

STIL-3 C5, which was used for the preparation of condi-
tioned medium as the source of I1L-3, did not produce APO-
H (Fig. 6d).

Effect of recombinant murine APO-H on DA-1 cell
proliferation assay

The purified recombinant protein was electrophoresed in
10% polyacrylamide gel and silver stained (Fig. 7). When
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Fig. 3. Dose vs. inhibitory effect of purified protein on the DA-1 cell
proliferation assay. Effect of purified NIL-3 activity on the growth of IL-3
dependent DA-1 cells was tested. Results are expressed as a percentage
(mean, n=3) of STIL-3 C5-CM stimulated positive control group.

the human APO-H was produced in Sf9 insect cell, the rela-
tive molecular weight of recombinant protein was 43 kDa
athough the native APO-H is 50 kDa (Igarashi et al., 1996).
In this experiment, the relative molecular weight of recom-
binant murine APO-H was predicted to be approximately 45
kDa (43 kDa + 2 kDa : 6xhis tag and spacer sequence in
pPFASTBAC HTb plasmid), and was actually detected at 45
kDa

The purified protein solution containing recombinant
APO-H was tested for the NIL-3 activity by DA-1 cell pro-
liferation assay. The inhibition percentage of DA-1 cell
growth was 14.2% (Fig. 8).

Discussion
Interleukin-3 (IL-3) plays essential role in the proliferation
and differentiation of hematopoietic stem cells and pro-
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Fig. 4. SDS-PAGE of purified NIL-3 containing sample. SDS-PAGE of
K2 fraction was carried out in 10-20% polyacrylamide gradient gel. The
purified K2 sample and low molecular weight marker were applied at 100
ng/lane, and electrophoresed gel was silver-stained.

genitors (Delorme and Daniels, 1992; Spivak et al., 1985).
Especially in hematopoietic progenitors, IL-3 stimulates the
proliferation and/or differentiation together with lineage
specific cytokines such as Epo, G-, M-, and GM-CSF. How-
ever, not only the stimulatory factors but also the suppres-
sive factors or negative feedback mechanisms are essential
for the long-term maintenance of the stable hematopoiesis
(Goldwasser et al., 1983). To compensate for the excess
stimuli for hematopoiesis by stimulatory factors, negative
regulatory factors may be produced which act as antagonists
to the production of the stimulatory factors. If the
hematopoietic stem cells undergo unlimited differentiation,
it will result in the depletion of the stem cell reservoir with-
out such negative regulatory mechanisms. Recently, severa
factors have been reported which act as antagonists or sup-
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Fig. 5. PCR analysis of APO-H gene expression in bone marrow cells.
In order to detect the gene expression of APO-H in bone marrow cells,
nested-PCR was carried out. PCR cycles for the detection of the amplified
cDNA of b-actin and APO-H were 30 cycles amplification. The amplified
cDNA fragment was electrophoresed in 1% agarose gel, in 0.5xTBE buff-
er. The nested-PCR product of APO-H cDNA was detected at predicted
size (903 bp) in STIL-3 C5-CM stimulated total bone marrow cells and
stimulated Fr. 2 cells, which was fractionated by Percoll density-gradient
centrifugation. The amplification product of B-actin (500 bp.) was used as
theinternal control.

pressors of IL-3 activity (Lenfant et al., 1989; Pluthero et
al., 1990).

We attempted to purify the NIL-3 activity from C3H/HeN
bone marrow cell-conditioned medium stimulated with IL-3
producing STIL-3 C5-CM. The STIL-3 C5-CM consists of
anumber of proteinsincluding serum protein and native IL-
3. Therefore, we stimulated the bone marrow cells with re-
combinant murine IL-3 alone. DA-1 cell proliferation assay
revealed that a comparatively high NIL-3 activity was in-
duced when bone marrow cells were stimulated with >80
ng/mL of recombinant murine IL-3 (Fig. 1). The IL-3 activ-
ity of STIL-3 C5-CM calculated from this result was ap-
proximately 160 ng/mL.

The purified NIL-3 was a protein of a relative molecular
weight of 54.5 kDa (SDS-PAGE). The N-terminal amino
acid sequence was homologous to beta-2-glycoprotein |
(apolipoprotein H: APO-H).

APO-H is a plasma protein produced from the liver,
which has five SCR domains found mostly in the regulatory
proteins of the complement system (Reid and Day, 1989).
Severa possible roles of APO-H were also reported, includ-
ing the hematopoietic suppressive effect in bovine (Li and
Congote, 1991), the relation to atherosclerosisin human and
murine (George et al., 1999; Shoenfeld et al., 2000), the
participation in the production of autoantibodies (McNeil et
al., 1990), and the prevention of intrinsic blood coagulation
through binding to the anionic phospholipids on the surface
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Fig. 6. PCR analysis of APO-H gene expression in L8313 leukemia bearing mice. The APO-H gene expression in vivo was examined by nested-PCR
method using L8313 leukemic liver (&), spleen (b) and total bone marrow cells (c). PCR cycles for the detection of the amplified cDNA of B-actin and APO-
H were 30 cycles amplification. STIL-3 C5 cells was used as negative control of the APO-H production in the L8313 leukemic tissues (d).

of damaged cells. However, the physiological function of
APO-H is not well understood.

Nonaka et al. reported that the mRNA expression of
APO-H was detected in the liver, but not in the kidney,
heart, spleen, lung or brain (Nonaka et al., 1992). We de-
tected the APO-H gene expression in STIL-C5-CM stimu-
lated bone marrow by nested-PCR (Fig. 5). Moreover,
APO-H gene expression was detected in STIL-3 C5-CM
stimulated fraction (Fr.) 2. Fr. 2 is rich in hematopoietic
stem cell and progenitors (Sugiura et al., 1988), suggesting
the possibility that the APO-H isNIL-3, and that it might be
produced by IL-3 receptor positive hematopoietic progeni-
tors and/or hematopoietic stem cellsin cycle.

L8313 leukemia bearing mice show marked granulocyto-
sis and splenomegaly, and alarge number of IL-3 producing
leukemic T-cells were detected in the liver of L8313 leuke-
mia bearing mice (Aramaki et al., 1990). Accordingly, the
gene expression of APO-H in vivo was examined by nested-
PCR using the liver, spleen and the total bone marrow of
L8313 leukemia bearing mice.

The APO-H gene expression was induced not only in the
bone marrow but aso in the liver and the spleen. Since the
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culture supernatant of these organs had high levels of IL-3
activity (Aramaki et al., 1990), it could be considered that
the APO-H gene expression was induced in response to ex-
cess stimuli of 1L-3 produced by infiltration of leukemic T-
cellsinto these organs. The low NIL-3 activity of the L8313
leukemic spleen (Sugimoto et al., 1997) appears to be the
result of the presence of a smaller number of hematopoietic
stem cells in the spleen compared to that in the bone mar-
row. The APO-H protein was constitutively produced from
the normal liver, and the enhanced gene expression was
observed in the L8313 leukemic liver (Fig. 6aand b).
Recombinant APO-H showed low NIL-3 activity (Fig. 8)
by DA-1 cell proliferation assay. The native APO-H is a
highly glycosylated protein whereas recombinant APO-H
lacks a part of the glycosylation. Therefore, this result was
thought to be caused by the difference of posttranslational
glycosylation in the host insect Sf9 cells. When the purified
recombinant APO-H was electrophoresed, a few extra
bands were found in silver stained gel except 45kDa protein
(Fig. 7). These extra bans appear to be aresult of the inter-
action of recombinant protein with host cellular proteins,
because APO-H binds to various negatively charged sub-
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Fig. 7. SDS-PAGE of recombinant NIL-3 containing sample. SDS-
PAGE of purified recombinant APO-H was carried out in 10%
polyacrylamide gel. The purified K2 sample, low molecular weight marker
and recombinant protein sample were applied at 100 ng/lane, and the
electrophoresed gel was silver-stained.
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Fig. 8. Dose vs. inhibitory effect of purified recombinant protein on the
DA-1 cell proliferation assay. Effect of NIL-3 activity of purified K2 and
recombinant APO-H sample on the growth of IL-3 dependent DA-1 cells
was tested. Results are expressed as a percentage (mean, n=3) of STIL-3
C5-CM stimulated positive control group.
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stances, as described above.

NIL-3 activity was also detected in other fractions except
K2 on gel filtration chromatography (Fig. 2aand b). The ex-
pression of NIL-3 activity by APO-H may need another fac-
tors which enhances NIL-3 activity of APO-H, because re-
combinant murine APO-H derived of Sf9 cells does not
contain such factors. Recombination of murine APO-H in
mammalian cells is very important for the investigation of
such factors while a number of negative regulators have re-
cently been reported, almost all of these factors were tissue
or cell extract and not always specific to aparticular cell lin-
eage. In contrast, NIL-3 is produced from bone marrow
cellsonly in response to excess IL-3 stimulation, and it acts
to suppresses the IL-3 activity in a dose dependent manner.
Thus, NIL-3 (APO-H) appears to be one of physiological
negative feedback regulators of 1L-3 in bone marrow.
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