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Suppressive Effect of LD78 on the Proliferation of Human Hemopoietic Progenitors
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LD78 is a cDNA newly isolated from human stimulated tonsillar lymphocytes. The expression of
LD738 is related to inflammatery responses and its structure has a homology with macrophage in-
flammatory protein 1-@, which is known to have an inhibitory effect on murine CFU-8. Using a colony
assay technique, we examined the effects of LD78 on human hemopoietic progenitors. The addition of
doses of 100 ng/ml or more of LD78 suppressed the colony formation of KMT-2, a factor-dependent
myelomonocytic cell line established from cord blood cells; this suppressive activity was neutralized
by the addition of antibody against LD78. The same doses of LID78 suppressed the formation of
neutrophil, macrophage, and megakaryocytic colonies which were supported by human interleukin-3
and erythropoietin; however, LD78 did not affect colony formation by either non-phagocytic mono-
nuclear cells or sorted CD34" cells. The conditioned medium of KMT-2 cells or peripheral bleod
mononuclear cells cultured with LI78 suppressed colony formation by CD34% cells. From these
findings, it is suggested that LD78 affects phagocytic cells and induces factors that are inhibitery for
hemopoiesis. We consider LD78 to be a new cytokine that plays an inhibitory role in hemopoiesis.

Key words: LD78 — Hemopoietic progenitor — CD34

1L.D78 is one of a newly isolated superfamily of induc-
ible proteins that are related to inflammatory responses,
wound healing, and tumorigenesis."” I.D78 has 92 amino
acids including a putative signal sequence of 22 amino
acids. It is encoded by a ¢cDNA named pLD78. It was
isolated from a library constructed of poly(A)" RNAs
of human tonsillar lymphocytes stimulated by the tumor
promoter, phorbol 12-myristate 13-acetate (PMA), and
by phytohemagglutinin (PHA). The 5’ flanking regions
of this gene were found to have homology with the
corresponding regions of human interleukin-2 (IL-2) and
7 interferon (YIFN) genes.” * Moreover, its structure has
75% homology to that of macrophage inflammatory
protein-la (MIP-1a), which has been reported to inhibit
the proliferation of murine CFU-S.¥ Based on the
analyzed amino acid residues of pLD78 ¢cDNA, LD78
has been classified as a member of the superfamily of
B-thromboglobulin,” suggesting that LD78 encodes a
novel cytokine, with an as-yet-unknown functional role.
Using a clonal culture system, we examined the effects of
recombinant LD78 on the differentiation and prolifera-
tion of human hemopoietic progenitors and LD78 target
cells.

MATERIALS AND METHODS

Cell line KMT-2 cells are a human myelomonocytic cell
line established from umbilical cord blood.” The growth

* To whom correspondence should be addressed.

of these cells is dependent on human interleukin-3 (IL-3)
and granulocyte-macrophage colony-stimulating factor
{GM-CSF) and is responsive to IL-6, but not to IL-1a,
IL-2, IL-4, IL-5, or erythropoietin.

Human bone marrow cells Bone marrow samples were
obtained from normal healthy volunteers whe had given
their informed consent. Bone marrow mononuclear cells
were separated by Ficoll-Conray (IBL Co. Gunma) den-
sity centrifugation; the interface cells were harvested and
washed twice in Iscove’s modified Dulbecco’s medium
(IMDM, GIBCO, Grand Island, NY). To prepare the
non-phagocytic fraction, iron-laden cells were removed
by the use of a magnet.”

Clone-sorting A sorting gate, based on the light scatter-
ing properties of CD34 bright cells, was established as
described previously.” Cells were sorted from whole
CD34" cells and pooled using FACStar plus and an
automated cell deposition unit { Becton Dickinson Immu-
nocytometry Systems, Inc., Mountain View, CA). Dead
cells stained with 7-AAMD were gated out by FACS at
the time of cell sorting.

Yeast-derived LD78 polypeptide (yYLD78) Recombinant
LD78 polypeptide was isolated from the culture superna-
tant of yeast that harbored an expression plasmid carry-
ing LD78 ¢cDNA. The LD78 ¢cDNA was inserted into
the yeast expression vector, pY G100, in which a foreign
gene was epressed under the control of glyceraldehyde-
3-phosphate dehydrogenase promotor. The resulting
plasmid (pYG-LD78) was used to transform the yeast S.
cerevisize. The yLD78 expressed in yeast was secreted
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into the culture medium by its own secretion signal
peptide. The yLD78 was then purified from the culture
supernatant by ultrafiltration, precipitation of yLD78 in
the presence of 100 mM sodium acetate, and separa-
tion by Mono Q (Pharmacia) column chromatography.
Finally, the purified yLD78 was passed through a poly-
mixin column to remove endotoxin. To determine the
purity of yLD78, protein samples were electrophoresed
in 0.1% sodium dodecyl sulfate (SDS)-20% polyacryl-
amide gel. Gel was stained with Coomassie Brilliant Blue
R-250. Electrophoretic transfer of proteins to a poly-
vinylidene difluoride filter was performed by TRANS-
BLOT SD (BIOi-RAD Laboratories, Richmond, CA).
Immunoblot analysis was performed essentially as de-
scribed by Robbs et al.,”” except for the incubation buffer,
which contained 0.15 M NaCL'?

Antibody against LD78 Anti-LD78 serum was prepared
from a goat which had been subcutaneously immunized
three times with 2 mg of purified rLD78 with Freund’s
complete adjuvant. The antiserum was purified by using
an Affigel Protein A MAPS-II kit (Japan BIO-RAD
Laboratories Inc., Tokyo). Antibody activity against
contaminating yeast antigens was removed by adsorption
to yeast cell extracts.

Other hemopoietic factors Recombinant human eryth-
ropoietin (Epo) with a specific activity of 80,000 U/ml
was provided by Snow Brand Co., Ishibashi, Tochigi.
Recombinant human interleukin-3 with a specific activity
of 21,900 U/ml was prepared by the Genetics Institute,
Cambridge, MA.

Clonal cell culture Cultures of 2 X 10°/ml KMT-2 cells,
1 10° or 5x10*/ml of normal bone marrow cells and
500 sorted CD34" cells were prepared in 35-mm non-
tissue culture dishes (Falcon, Oxnard, CA) containing
methylcellulose (Aldrich Chemical Co., Milwaukee, WI)
in IMDM that contained 30% human platelet-poor
plasma, 1% deionized bovine serum albumin (Sigma
Chemical Co., St. Louis, MO), 5x10 ° mol/liter 2-
mercaptoethanol (Sigma), 2 U/ml rEpo, 2 ng/ml rIL-3,
and an appropriate amount of LD78. The cultures were
incubated for 15 days at 37°C in a humidified atmosphere
of 5% CO, and 5% O,. On days 7 and 14 of culture,
colony formation was counted and classified by using an
inverted microscope. To confirm colony type, each
colony was lifted with a 3-¢1 Eppendorf micropipette in
medium containing 109% fetal calf serum. The samples
were spun in a centrifuge (Cytospin; Shandon Southern,
Sewickley, PA) and stained with May-Griinwald-
Giemsa.

Northern blot analysis RNA was extracted from KMT-
2 cells cultured with or without rLD78 by the
guanidinium thiocyanate/LiCl method.'” Hybridization
and washing were performed as described elsewhere.'”
Transforming growth factor 8 (TGFfS) probe cocktail
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(British Bio-technology Ltd., BPR78), tumor necrosis
factor ¢ (TNFa) cDNA (provided by Dr. M. Akashi),
and the synthetic oligonucleotides of human leukemia
inhibitory factor (LIF) were labeled with [**P]phos-
phates and were used as probes. Five micrograms of
poly(A)' RNA, denatured at 65°C in the presence of
formamide and formaldehyde, was subjected to elec-
trophoresis on a vertical 1.2% agarose gel in the presence
of formaldehyde, and was then blotted to a nylon mem-
brane filter with 10X SSC. Blots were prehybridized for
4 h at 42°C in 5<SSPE, 50% formamide, and salmon
sperm DNA (50 1g/ml), and were then hybridized with
32p_labeled probes under the same conditions for 14 h.
The filter was then washed at 45°C with 0.2 < SSC and
0.1% SDS.

RESULTS

Recombinant LD78 polypeptide was isolated from the
culture supernatant of yeast that harbored an expression
plasmid carrying LD78 cDNA. To determine the purity
of yLD78, we performed SDS-polyacrylamide gel elec-
trophoresis and immunoblot analysis. As shown in Fig. 1,
we did not observe any other band except LD78. Con-
taminating endotoxin concentration was less than 1 ng
per 100 g of LD78 polypeptide.

We first examined the effects of LD78 on KMT-2 cells.
Colony formation by KMT-2 cells was not observed in
the presence of LD78 alone. The colony formation of
KMT-2 cells supported by IL-3 was inhibited by LD78
in a dose-dependent manner (Table I). The number of
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Fig. 1. SDS-polyacrylamide gel and immunoblot analysis of
purified yLD78a. A: CBB staining; left lane, molecular weight
markers (BRL) right lane, 3 gg of purified yLD78. B: Im-
munoblot analysis; left lane, 500 ng of purified yLD78 right
lane, 100 ng of purified yLD78.



colonies formed by these KMT-2 cells was decreased by
half by the addition of 0.1-1.0 gg/ml of LD78. To test
the specificity of the suppressive effect of yLD78,
we added goat anti-LD78 antibody to culture dishes
which contained LD78 and IL-3. Anti-LD78 antibody
neutralized the suppressive effect on colony formation
(Table II). The addition of 20 pg/ml of anti-LD78
antibody had no significant effect on the colony forma-
tion of KMT-2 cells in the presence of IL-3. We observed
the colony growth of KMT-2 sequentially every 3 days
until 18 days. The suppressive effect of LID78 on colony

Table I. Day-8 Colony Formation by KMT-2 Cells

Exp. 1 Exp. 2
IL-3 1254 1096
IL-3+LD78 (1 ng/mi) 1203 (—4.0) 8210 (—24.8)*
IL3+LD78 (10 ng/ml)  1I5%5 (—80) = 785 (—28.4)*

IL-3+LD78 (100 ng/ml) 8410 (—32.8) 683 (—37.6)*
IL-3+LD78 (100 ng/ml)  S7+5 (—54.4)%* 471 (—56.9)*™

Number of KMT-2 cell colonies formed by 2 % 10? cells per dish
in the presence of IL-3 and IL-3 plus different concentrations of
LD78.

% Student’s ¢ test against IL-3 alone; % P<0.03, *%% P

0.01.

Table II. Day-8 Colony Formation by KMT-2 Cells
IL-3 43119
IL-3+LD78 285125 (—33.9)*

IL-3+LD78+Ab (0.2 zg/ml)
IL-3+LD78+Ab (2.0 zg/ml)
IL-3+LD78+Ab (20 zg/ml) 448524 (+3.9)
IL-3+Ab (20 zg/ml) 41053 (—1.0)

Number of KMT-2 cell colonies formed by 2 X 10° cells per dish
in the presence of IL-3 and 100 ng/ml LD78, plus different
concentrations of anti-LD78 antibody.

* P<0.05.

321+61 (—25.5)
381451 (—11.6)

Suppressive Effect of LD78 on Hemopoiesis

formation was maximum on days 6 to 9, and this effect
diminished after day 15 (Fig. 2).

To examine the effects of LD78 on human hemopoietic
progenitors, we prepared two fractions of human bone
marrow cells: mononuclear cells and non-phagocytic
mononuclear cells. LD78 alone did not support any
colony formation of human bone marrow cells. We then
observed the effects of various concentrations (0-1,000
ng/ml) of LD78 on colony formation supported by rEpo
and rIL-3. In these cases, the suppressive effects of LD78
tended to be dose-dependent. LD78 suppressed gran-
ulocyte-macrophage (GM) and megakaryocyte (Meg)
colony formation of bone marrow mononuclear cells at
doses higher than 100 ng/ml (Tables III and IV). How-
ever, LD 78 did not affect the growth of erythroid
colony-forming cells (CFU-E), erythroid burst-forming
cells (BFU-E), or mixed colony-forming cells (data not
shown). When non-phagecytic mononuclear cells were
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Fig. 2. Time course of colony formation by KMT-2 cells in
the presence of rLD78. Cells were plated at a density of 2% 10°
cells/ml with 2 ng/ml of rhIL-3 in the absence ( +) or presence
of rLD78 (1.0 pg/ml; &) and (0.1 yg/ml; 2). This is a
representative result of three repeated experiments.

Table III. Granulocyte Macrophage Colony Formation by Human Bone Marrow Cells
Exp. 1 Exp. 2
IL-3+Epo 8825 10335
IL-3+Epo+LD78 {10 ng/ml) 70£6.5 (—20.5) 105+3.5 (+1.9)

IL-3+Epo+LD78 (100 ng/ml)
IL-3+Epo+LD78 (500 ng/ml)
IL-3+Epo+LD78 (1000 ng/ml)

512.0 (—42.0)**
41+6.5 (—53.4)*
38+4.0 (—56.8)***

81445 (—21.4)
621125 (—39.8)
50250 (—51.5)%

Number of GM colonies formed by 1 10° human beone marrow cells per dish in the presence of
IL-3, Epo, and different concentrations of LID78. Student’s ¢ test against IL-3+Epo; % P<0.05,

®% P<L0.02, *¥% P<0.0L
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Table IV. Megakaryocyte Colony Formation by Human Bone Marrow Cells

lL-37 t Epo

Exp. | Exp. 2
261+6.0 18+1.0
IL-3+Epo+ LD78 (10 ng/ml) 24100 (—7.6) 164£1.0 (- 11.1)
IL-3+Epo+LD78 (100 ng/ml) 13+1.5 (—50.0) 11£0.0 (*38.9)”
IL-3+ Epo+ LD78 (500 ng/ml) 9+3.5(-654) Q1.0 (- 50.(})**

IL-3 + Epo + LD78 (1000 ng/ml)

810.0 (- 69.2)™ S0 (=T2.™*

* Number of Meg colonies formed by 1 % 10° human bone marrow cells per dish in the presence of IL-3,

Epo, and different concentrations of LD78.
*k P<0.02, *%% P<0.0I1.
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Fig. 3. Number of GM colonies (A) and Meg colonies (B)

formed by 1% 10° mononuclear cells and non-phagocytic cells
in the presence of IL-3 alone or IL-3 and LD78 (100 ng/ml).
The data represent the results of three repeated experiments.

used as target cells, neither 100 ng/ml nor 1,000 ng/ml
dose of LD78 had any suppressive effect on GM and Meg
colony formation (Figs. 3 A and B). To confirm this, we
examined the effects of LD78 on CD34-positive cells
collected by FACS; we found that LD78 had no effect
on the colony growth of CD34-positive cells. To clarify
the mechanism of the suppressive effect of LD78 on
hemopoietic progenitors, we prepared a conditioned
medium of KMT-2 and peripheral mononuclear cells.
These cells were cultured in the presence or absence of
1,000 ng/ml LD78 for 3 days and each supernatant was
harvested after centrifugation and filtered through a
Millipore membrane. We found that 109 LD78-primed
supernatant suppressed colony formation, while 10%
LD78-non-primed supernatant did not (Table V).

We attempted to identify the molecules induced in
KMT-2 cells by LD78 stimulation. Northern blot analy-
sis showed that expression of TGFS mRNA was not
changed by LD78 treatment (Fig. 4). We also tested the
expression of LIF and TNFa mRNA; however, we were
unable to find any significant difference between the
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Fig. 4. Northern blot analysis of KMT-2 cells cultured with
or without rLD78. Poly(A)" RNAs (5 ug) of KMT-2, UT-7,
and CMK cells were electrophoretically separated, transferred
to a nylon membrane, and hybridized with *P-labeled TGF3 or
B-actin cDNA. The migration of 185 and 288 ribosomal RNA
is indicated. UT-7'" and CMK'™ are megakaryocytic cell lines.

mRNA expressions of untreated and LD78-treated
KMT-2 cells.

DISCUSSION

LD78 is a novel inducible protein whose expression
relates to inflammatory responses.”’ Using yeast JN8906
and a plasmid insertion technique, we formed recom-
binant LD78. Another inducible protein, MIP, has re-
cently been reported'®'; it has three subtypes of different
amino acid residues, MIP-la, MIP-15, and MIP-2.
MIP-1a has been shown to have a suppressive effect on
murine CFU-S, while MIP-158 and MIP-2 were not as
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Table V. Colony Formation by Human CD34-positive Cells

Exp. 1 Exp. 2
PHA-LCM +Epo 173110 1406
PHA-LCM +Epo+LD78% 1601 (—17.5) 12920 (—7.9)

PHA-LCM+Epo+PB-CM?
PHA-LCM+ Epo+PB-LD-CM?
PHA-LCM+ Epo+KMT-2-CM?
PHA-LCM + Epo+ KMT-2-LD-CM*?

169+ 14 (—2.3)
138+ 12 (—20.2)
156+3 (—9.8)
11559 (—33.5)**

141110 (+0.7)
10615 (—24.3)*
125115 (—10.7)
6910 (—50.7)*

Numbers of colonies formed by 500 CD34-positive cells per dish.

@) One pg/ml LD78 was added directly.

b, ¢) Five % conditioned medium of peripheral blood mononuclear cells (PB-CM) or these cells

cultured with 1 gg/ml LD78 (PB-LD-CM).

d, e) Five 9% conditioned medium of KMT-2 cells (KMT-2-CM) or these cells cultured with 1
#g/ml LD78 (KMT-2-CM). Final concentrations of LD78 in PB-LD-CM and KMT-2-LD-CM were

50 ng/ml.

Student’s ¢ test against PHA-LCM +Epo; * P<0.05, %% P<0.02, #*%% P<0.01.

effective as MIP-1a. It has been shown that LD78 has
75% homology to MIP-la. Broxmeyer et al reported
that purified recombinant MIP-1 and natural MIP-1
suppressed human CFU-GM in the presence of rGM-
CSF plus IL-3 and that one type of MIP suppressed
BFU-E supported by Epo.” The effects of MIP-1 on Meg
colony formation were not examined in their study. We
speculated that LD78 had the same suppressive effect on
human hemopoietic progenitors as MIP-1a had on such
murine cells. Here, we report the effects of the human
rLD78 on the differentiation and proliferation of human
hemopoietic progenitors.

LD78 alone did not support and colony formation in
human bone marrow cells; however LD78 suppressed
colony formation in GM, Meg, and KMT-2 cells
supported by IL-3. The suppressive effect of LD78 on
colony formation did not appear to be cytotoxic, because
this effect was at a maximum on days 6 to 9 of culture
and it diminished after 12-15 days. Since the effect of
LD78 was neutralized by the anti-LD78 antibody, it
appears that the suppressive effect was LD78-specific.

However, LD78 had no suppressive effect on the
colony growth of non-phagocytic or partially purified
progenitor cells (CD34-positive cells). From these find-
ings, we hypothesized that accessory cells such as mono-
cytes or macrophages were necessary for the suppressive
effect of LD78 on GM and Meg colony formation. The
supernatants of LD78-primed KMT-2 or peripheral
blood mononuclear cells showed an inhibitory effect on
the colony growth of CD34-positive cells. We presume
that LD78 acts on macrophages to induce inhibitory

molecules against hemopoietic progenitors since, (i)
LD78 does not have a suppressive effect on non-
phagocytic cells, (ii) KMT-2 cells have myelomonocytic
characteristics, in that they are HLA-DR, CD13, CD33,
MCS-2, and LeuM 1-positive, and (iii) receptors have been
demonstrated on myelomonocytic cells (Y. Yamamura
et al., unpublished observation).

To identify the molecules induced by myelomonocytic
cells, we examined the mRNA levels of TGFS, LIF and
TNFg in KMT-2 cells with or without LD78 treatment.
Especially, we have observed that TGFS suppresses GM
colony formation partially (unpublished data). However,
we did not find enhanced expression of such genes after
this treatment. If this system is effective for identifying
LD78-induced gene(s), the possibility remains that an
unknown factor(s) is released from monocytes or
macrophages by LD78. A receptor assay of LD78 would
also be required for the understanding of its biological
effect.

Moreover, since LD78 had no effect on erythroid
colony formation, it is suggested that LD78 acts on GM
or Meg commitied progenitors rather than on pluripotent
stem cells. We consider LD78 to be a new factor that has
inhibitory effects on hemopoietic progenitors.
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