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Abstract

Previously, we reported that interleukin-2 (IL-2)-stimulated helper T cells produced an un-
known soluble factor which induced dendritic cell-like differentiation in primary cultures of mono-
cytic leukemia cells and we referred to this factor as dendritic cell differentiation factor (DCDF).
In this study, we attempted to purify and characterize DCDF and investigated its biological effect
on normal human monocytes. Gel filtration chromatography indicated that the molecular weight
of DCDF is approximately 30-35 kDa. Chromatofocusing indicated that the isoelectric point of
DCDF is approximately 5.0. DCDF, partially purified by subsequent gel filtration, chromatofocus-
ing, and hydrophobic chromatography, significantly enhanced the HLA-DR expression of normal
human monocytes and a human monocytic leukemia cell line, THP-1. This biological activity
was not neutralized by any known antibodies to human cytokines. DCDF significantly amplified
the T-cell stimulatory activity of monocytes in the allogeneic mixed leukocyte reaction (MLR).
Moreover, DCDF significantly enhanced IL-1 beta and IL-6 production by monocytes in a dose-
dependent manner. These results suggest that DCDF is a novel human cytokine which stimulates
the accessory cell function of monocytes.

KEYWORDS: dendritic cell, differentiation, protein purification, cytokine

*PMID: 8042536 [PubMed - indexed for MEDLINE]
Copyright (C) OKAYAMA UNIVERSITY MEDICAL SCHOOL



Miyatani et al.: Partial Purification and Chraracterization of Dendritic Cell

Acta Mep Okavama 1994; 48(2): 67 72

Partial Purification and Characterization of Dendritic Cell

Differentiation Factor

KATSUYA MIYATANI, KIYOSHI TAKAHASHI*, HIROYUKI YANAI, TADASHI YOSHINO AND TADAATSU AKAGI

Second Department of Pathology, Okayama University Medical School, Okayama 700, Japan

Previously, we reported that interleukin-2 (IL-
2)-stimulated helper T cells produced an unknown
soluble factor which induced dendritic cell-like
differentiation in primary cultures of monocytic
leukemia cells and we referred to this factor as
dendritic cell differentiation factor (DCDF). In
this study, we attempted to purify and charac-
terize DCDF and investigated its biological effect
on normal human monocytes. Gel filtration chro-
matography indicated that the molecular weight
of DCDF is approximately 30-35 kDa. Chro-
matofocusing indicated that the isoelectric point
of DCDF is approximately 5.0. DCDF, partially
purified by subsequent gel filtration, chromato-
focusing, and hydrophobic chromatography, sig-
nificantly enhanced the HLA-DR expression of
normal human monocytes and a human monocytic
leukemia cell line, THP-1. This biological activity
was not neutralized by any known antibodies to
human cytokines. DCDF significantly amplified
the T-cell stimulatory activity of monocytes in
the allogeneic mixed leukocyte reaction (MLR).
Moreover, DCDF significantly enhanced IL-14
and IL-6 production by monocytes in a dose-
dependent manner. These results suggest that
DCDF is a novel human cytokine which stimulates
the accessory cell function of monocytes.

Key words: dendritic cell, differentiation, protein puri-
fication, cytokine

D endritic cells (DC) are immunocytes which have
characteristic dendritic morphology and a potent
accessory cell function for T cells. Interdigitating reticu-
lum cells (IDC) of the T-lymphoid tissues and Langerhans
cells (LC) of the suprabasal layer of the epidermis are
main classes of DC (1). Because of the marked similar-
ities in morphology, phenotype and function, tissue-
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specific DC are generally thought to be derived from the
same lineage (2). Although DC have been well-docu-
mented to be bone marrow origin (3, 4) and generally
thought to belong to the mononuclear phagocyte system,
recent immunological and cytological studies have revealed
that the DC are quite different from phagocytic macro-
phages in terms of typical dendritic morphology, and
further that they have a potent accessory cell function and
lack phagoeytic activity (5-7). While these differences
imply that DC are independent of the mononuclear
phagocyte system (5), many reports suggest a close
cytogenic relationship between DC and the monocytic
lineage (8, 9). In fact, several unusual cases of monocytic
leukemia have been reported in which the leukemia cells in
the T-lymphoid tissues or skin showed features of DC
(10). The authors consider that, in such cases, the
microenvironment of the skin or T-lymphoid tissues
induced the leukemic cells to differentiate into DC (8-10).
However, little is known about such microenvironmental
factors.

Previously, we reported a unique case with acute
monocytic leukemia in which the neoplastic cells in the
lymphoid tissues had features of DC, while leukemic cells
in the peripheral blood were essentially monocytic and
lacked such features (11). We established an interleukin-2
(IL-2)-dependent, nonneoplastic helper T-cell line from
the peripheral blood of the patient and found that the
culture supernatant contained a soluble factor which in-
duced IDC-like differentiation in the monocytic leukemia
cells (11). Because this factor was immunologically dif-
ferent from the all human cytokines, we referred to it as
dendritic cell differentiation factor (DCDF). In this
study, we partially purified and characterized DCDF. We
also studied the biological effects of DCDF on normal
human blood monocytes.
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Materials and Methods

Cells.  The DCDF-producing IL.-2-dependent T-
cell line, KAZ-3N, was established from the peripheral
blood of the patient with acute monocytic leukemia
mentioned above (11). A human monocytic leukemia cell
line, THP-1, was obtained from the Japanese Cancer
Research Resources Bank (Tokyo, Japan). The non-
hematopoietic cell lines, HelLa and HGC-27 (human
gastric carcinoma), were also used.

Monocytes were collected from the peripheral blood
by plastic adherence. Peripheral blood mononuclear cells
(PBM) were obtained from the peripheral blood of healthy
individuals by Ficoll-Hypaque density gradient centrifuga-
tion. The PBM were suspended at a concentration of 4 X
10°/ml in RPMI-1640 medium containing 10% low
endotoxin (< 0.1 ng/ml) fetal calf serum (FCS), and then
plated in culture bottles (75 ecm?; Falcon, Becton Dickin-
son Labware, Lincoln Park, NJ, USA), which had been
treated with heat-inactivated human AB serum for 24 h at
4°C to avoid nonspecific adherence of lymphocytes. After
incubation for 60 min, nonadherent cells were removed by
gentle washing with RPMI-1640 medium, and adherent
cells were incubated in 1/15 M phosphate-buffered saline
(PBS) containing 0.2% EDTA-Na,. After incubation for
30 min at 4°C, the adherent cells detached spontaneously.
Cells were washed and suspended in RPMI-1640 medium
containing 10% F'CS. The purity of the monocytes was
about 98%, as determined by the nonspecific esterase
method.

Cell culture.  Cells were cultured in RPMI-1640
medium containing 10% heat-inactivated low endotoxin
FCS supplemented with penicillin G (100U/ml),
kanamycin (60 g/ml) and streptomycin (250 g/ml).
Cultures were maintained at 37C in 5% CO, in
humidified air.

Partial purification of DCDF. KAZ-3N
cells were cultured in complete serum-free medium Cos-
medium 001 (Cosmo Bio, Tokyo, Japan) containing 2%
serum-free medium TYI-100 (Dainippon Seiyaku, Tokyo,
Japan) and recombinant human (rh) IL-2 (75 JRU/ml;
Shionogi, Osaka, Japan) at a. concentration of 1% 10°
cells/ml. After 72 h in culture, the culture supernatant
was collected, and cell debris was removed by centrifuga-
tion at 10,000g for 30 min. Protein in 20 1 of culture
supernatant was precipitated by cooled 50% acetone (-
20°C), dissolved in 10 ml of 20 mM Tris-acetate buffer,
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pH 9.0. After filter-sterilization, the sample was loaded
on a Superdex™ 200 gel filtration column (Pharmacia,
Uppsala, Sweden), which had been equilibrated with the
same buffer. After flow-through, protein was eluted with
the buffer at a flow rate of 8ml/min (1 min/fraction). The
column was calibrated using thyroglobulin, gamma
globulin, ovalbumin, myoglobin and cyanocobalamin with
Mr of 670, 158, 44, 14, and 1.3 kDa, respectively.
Individual fractions were diluted in RPMI-1640 medium
containing 10% FCS at dilutions of 1:10, 10°, 10°, and
10%, and were filter-sterilized. THP-1 cells (n==10°) were
incubated in the culture media. The biological activity of
DCDF in individual fractions was evaluated based on the
maximum dilution which enhanced the HLA-DR expres-
sion of monocytes, as examined by flow-cytometry. The
positive fractions were collected and loaded on a Mono-P
HR 5/5 isoelectric focusing column (Pharmacia), which
had been equilibrated with 20mM Tris-acetate buffer, pH
9.0. After flow-through, protein was eluted with the
elution buffer: polybuffer 96 (30 %) + polybuffer 74 (70
%) (Pharmacia) adjusted to pH4.5 with acetate, and
diluted with distilled water at 1:10. Running conditions
were a flow rate of 0.5ml/min, 1min/fraction. Individual
fractions were bioassayed as described above. The posi-
tive fractions were collected and 1.7M (NH,),SO, was
added to the sample. The sample was then loaded on a
phenylsuperose column (Pharmacia), which had been
equilibrated with 20mM Tris-HCI buffer, pH7.4, con-
taining 1.7M (NH,),SO,. After flow-through, a linear
gradient of (NH,),SO, in the starting buffer was run from
1.7 to 0.01M for 30 min. Running conditions were a flow
rate of 0.5ml/min, 1min/fraction. Ammonium sulfate in
individual fractions were removed by sephadex (G50
(Pharmacia) chromatograhy and the DCDF biological
activity of individual fractions were assayed as described
above. The positive fractions were collected and analyzed
by SDS-polyacrylamide gel electrophoresis (PAGE) on
20-10 % polyacrylamide gradient gels under either reduc-
ing or non-reducing conditions. The gels were then
stained with Coomassie brilliant blue R-250. The protein
concentration of the final sample was calculated by optical
density at 280nm.

Enzyme-linked immunosorbent assay
(ELISA). The human cytokine levels in the culture
supernatant from KAZ-3N cells, including IT.-1a, IL-
143, IL-6, interferon-y (IFN-v), tumor necrosis factor-
a (TNF-«), and GM-CSF, were assayed by ELISA
using Genzyme ELISA kits (Genzyme, Boston MA,
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USA) according to the manufacturer’s instructions.

DCDF treatment. The biological effects of
DCDF on various normal and neoplastic cells were
examined. THP-1, Hel.a, HGC-27 cells and human
peripheral blood monocytes (n=10°/well) were cultured
in RPMI-1640 medium containing 10 % FCS and par-
tially purified DCDF at concentrations of 50ng protein/
ml for 72h, and then examined.

Flow cytometry. For flow cytometry, we used
a fluorescein isothiocyanate (FITC)-conjugated mono-
clonal antibody (mab) to human HLLA-DR (Becton Dickin-
son). Control or DCDF-treated cells were incubated with
FITC-conjugated mab to human HILA-DR diluted at a
dilution of 1:20 for 30min at 4°C, washed, and then
examined by flow cytometry using an Epics 750 flow
cytometer (Coulter Electrics, Hialeah, FL, USA) as
described previously (11, 12).

Effects of DCDF on cytokine production of
monocytes. Monocytes (n=10° were cultured in
RPMI-1640 medium containing 10 % FCS and partially
purified DCDF at concentrations of 50, 25, 12.5, and
6.25 ng protein/ml. After incubation for 72 h, the levels
of IL-1e, IL-183, IL-6, and TNF-a were investigated
using ELLISA, as described above.

Effects of DCDF on the accessory cell
function of monocytes. We evaluated the acces-
sory cell function of monocytes by means of a primary
autologous and allogeneic MLR assay. The capacity of
the primary population of leukocytes to act as MLR
stimulators requires an accessory function in addition to
the expression of MHC-encoded transplantation antigens
(13). Therefore, stimulatory activity in the primary MLR
was used as a measure of the accessory cell function that
is required to activate antigen-specific, resting T cells.
Normal autologous and allogeneic T cells, which were
isolated by sheep erythrocyte rosetting from normal
PBM, were used as responder cells in the primary
autologous and allogeneic MLR assay. Fresh PBM were
used as stimulators. Monocytes (autologous: n=10%,
allogeneic: n=10°) were incubated in 200ml culture
medium containing partially purified DCDF at a concen-
tration of 50, 5, or 0.5ng protein/ml, or in control
medium in the individual wells of round-bottomed 96-well
microtiter plates (Corning) for 72 h. Thereafter, the cells
were washed twice with RPMI-1640 by centrifugation at
400g, and the medium was replaced with 100ml RPMI-
1640 containing 10 % heat-inactivated human AB serum.
Then, 10° autologous or allogeneic T cells suspended in
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1001 RPMI-1640 medium containing 10% heat-
inactivated human AB serum were added to each well and
incubated. Four days later, the cultures were incubated
with 1 ¢ Ci/ well of [*H]| thymidine for 16 h and harvested
to measure the [*H] thymidine incorporation into DNA.
Responses were reported as the mean cpm of triplicate
autoradiography.

Immunoinhibition studies. Rabbit neutraliz-
ing antibodies against human IL-le, -18, IL-2, IL-3,
IL-4, IL-5, IL-6, IL.-7, IL-8, GM-CSF, M-CSF, G-
CSF, IFN-a, IFN-8, IFN-y, or TNF-a were diluted
in medium containing partially purified DCDF (50 ng/ml)
or control medium at a concentration of 1:20 and incubat-
ed for 2h at 37°C. This concentration is within the range
of neutralizing activity indicated by the manufacturers of
these antibodies. After incubation, THP-1 cells were
cultured with each sample for 72h. DCDF activity of the
samples was evaluated by the positive conversion of

HILA-DR antigen of THP-1 cells.
Results

Contents of Cytokines in the Conditioned
Medium

ELISA assay indicated that the culture supernatant
from IL.-2-supplemented KAZ-3N cultures contained a
large amount of GM-CSF (18,000pg/ml), and trace
amounts of cytokines including IL-18 (142pg/ml),
TNF-« (11pg/ml), and IL-6 (80 pg/ml), but not IL-1a,
IL-3, IL.-4 or IFN-y.

Characterization of DCDF

DCDF significantly enhanced HLLA-DR expression in
a human monocytic leukemia cell line, THP-1.  Neutral-
ized antibodies to human cytokines including IL.-l1a,
1L.-18, 1L-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8,
GM-CSF, M-CSF, G-CSF, TNF-«, IFN-a, IFN-£,
and IFN-y had no effect on the biological activity of
DCDF, indicating that DCDF is immunologically distinc-
tive from these known human cytokines. Gel fltration
chromatography indicated that the molecular weight of
DCDF is approximately 30-35 kDa (Fig. la). Chro-
matofocusing indicated that the isoelectric point of DCDF
is approximately 5.0 (Fig. 1b). The results of hydro-
phobic chromatography indicated that DCDF is a hydro-
phobic protein (Fig. 1c). No cytokines were detected by
ELISA in this final sample. The numerous faint bands in
SDS-PAGE gels stained with Coomassie brilliant blue
R-250, indicated the presence of many polypeptides, but



Acta Medica Okayama, Vol. 48 [1994], Iss. 2, Art. 1

70 MivaTant ET AL. Acta Mep Okavama Vol. 48 No. 2
QoD 280 oD 280 OD 280 c
a
2.0 0 b os
Voo 4
670kd 158kd 44kd 14kd
1.7-00M
pH9+-45
1.0 05 0.25
5 5 ;
g e DCDF bioassay ':.;_103_ DCOF bicassay :;10 DC:JF
- 3 | 5 4 bloassay
E E E
3 =l =1
E E I | £ I ||
% X
g 8 il : 11
fraction no. fraction no. fractlon no.
Fig. 1 Biochemical properties of dendritic cell differentiation factor (DCDF).

a. Gel filtration column chromatography.
¢. Phenylsuperose (hydrophobic) column chromatography.

b. Mono-P (isoelectric focusing) column chromatography.

The biological activity of DCDF was evaluated based on the enhancement of HLA-DR expression of monocytes. The degree of its activity was
expressed as the maximum dilution which enhances HLA-DR expression of monocyte in cells. It shows a single peak in each chromatography.
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Fig. 2 Flow cytometry. HLA-DR antigen expression by THP-1 cells
(a) and monocytes (b) cultured in the control or DCDF-containing
medium. DCDF: See Fig, |.
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we failed to identify which band corresponded to DCDF
biological activity (data not shown).

Effects of DCDF on Human Cell Lines

Flow cytometry indicated that DCDI® significantly
upregulated HLA-DR expression in THP-1 cells (Fig.
2a). DCDF had no significant effect on HLA-DR expres-
sion of nonhematopoietic cell lines, HGC-27 and Hel a.

Effects of DCDF on Normal Human
Monocytes

Monokine induction. The results of ELISA
showed that partially purified DCDF significantly enhanc-
ed IL-13 and IL-6 production by monocytes in a dose-
dependent manner (Fig. 3), but it had no significant effect
on IL-1a and TNF-«& production by monocytes (data not
shown).

HLA-DR expression. Flow cytometry indicat-
ed that DCDF significantly enhanced HLLA-DR expres-
sion in monocytes (Fig. 2b).

Accessory cell function.  The accessory func-
tion of monocytes was evaluated by their T-cell
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-6 production were significantly enhanced in a dose-dependent manner.
Effects of DCDF on the accessory cell function of monocytes evaluated in primary autologous and allogeneic mixed leulkocyte

Fig. 4 (Right)
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Primary autologous MLR assay
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Effects of DCDF on the cytokine production by monocytes after 72h in culture (monocytes: | x 10%cell/ml). IL-18 and IL

DCDF: See Fig.l.

reaction (MLR) (monocyte-autologous: 10%, allogeneic: 10°, T cell: 10%). DCDF enhanced the T cell-mitogenic activity in a dose-dependent

manner. DCDF: See Fig. I.

mitogenicity in primary autologous and allogeneic MLR.
As shown in Fig. 4, in both autologous and allogeneic
MLR, DCDF augmented the T-cell mitogenic activity in
a dose-dependent manner.

Immunoinhibition Assay

None of the neutralizing antibodies to human cytokines
examined had any effect on the DCDF biological activities
as evaluated by HLA-DR positive conversion of both
THP-1 and monocytes (data not shown). This finding
indicates that DCDF is immunologically different from all
known human cytokines.

Discussion

In this study, we partially purified and characterized
DCDF and clarified its biological effects on human normal
monocytes. The fact that the biological activity of DCDF
was not neutralized by any of the neutralizing antibodies
to known human cytokines indicates that DCDFE is im-
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munologically distinct. We failed to identify any protein
band by SDS-PAGE which corresponded to DCDI
biological activity, and one possible explanation for this
could be that DCDF has a high potency and was thus
below the levels of detection. Further large scale studies
should be performed to completely purify DCDE.

It is noteworthy that DCDF significantly upregulates
the expression of HLA-DR antigen of monocytes and
enhances their T-cell stimulatory activity in primary
MLR, while monocytes usually do not stimulate T cells in
primary MLR (5, 6, 14), and to our knowledge there are
no reports of cytokines which upregulate this activity.
Although IFN-y significantly upregulates HLA-DR
antigen expression in monocytes, it is also ineffective in
upregulating T cells in primary MLR (11, 15). Dendritic
cells have a potent T-cell stimulatory activity in primary
MLR, whereas monocytes and phagocytic macrophages
lack this activity, although they express a large amount of
HLA-DR antigen (5, 6, 14), which is considered to be
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the most important feature of dendritic cells (14). Thus,
it is likely that DCDF induces monocytes to functionally
differentiate into dendritic cells.

IL-1 secretion by monocytes/macrophages can be
stimulated by exposing these cells to lipopolysaccharides
(LPS), TNF-«, I1.-6 and to IL.-18 itself (16). IL.-6
secretion by monocytes can also be stimulated with LPS,
IL-1, or TNF-a (17, 18). As shown here, DCDF in-
duced monocytes to produce I1.-13 and I1.-6; Northern
blotting analysis indicated that DCDF stimulates the
transcription of both genes (unpublished data). Compared
with other cytokines, such as GM-CSF and IFN-v,
DCDF is extremely potent in inducing I1.-13 and 11.-6
production by monocytes (unpublished data). Unlike
LPS, DCDF does not significantly induce II.-1a and
TNF-a production by monocytes, suggesting that the
enhancement of I1.-14 and IL-6 production by DCDF is
not due to augmentation of the response of monocytes to
LPS which is present at trace levels in culture media.

Both IL-148 and IL-6, but not IL-1& and TNF-«,
are produced by dendritic cells such as Langerhans cells,
and are essential for their accessory cell function (19).
The present findings that DCDF stimulates the produc-
tion of IL-1/3 and IL-6 by monocytes seem to favor the
view that DCDF induces the functional differentiation of
monocytes into dendritic cells.

In this study, we did not investigate the morphological
and phenotypic effects of DCDF on monocytes. We
recently found that DCDF blocks the differentiation of
monocytes into macrophages and induces several charac-
teristic phenotypic features of dendritic cells such as CD 1
antigen (unpublished data). We consider that DCDF is a
novel human cytokine which plays an important role in the
accessory cell-mediated immunological reactions and that
DCDF may be an important microenvironmental factor in
T-lymphoid organs that induces the differentiation of
locally migrated monocytes into dendritic cells,
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