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Summary. The aim of the present study was to verify 
the effect of IL-2 on dendritic cell (DC) differentiation. 
Various cytokines have been indicated as factors 
inducing DC differentiation, but no data about the 
interleukin-2 (IL-2) effect on DC differentiation have 
been reported. Monocytes isolated from peripheral blood 
were treated in vitro with the following factors: IL-2, IL- 
4, GM-CSF and G-CSF alone or in combination. 
Morphological (also ultrastructural) and cytochemical 
observations were carried out starting from 3 to 21 days 
of treatment. The results indicate that the differentiation 
of cells showing dendritic pattern is related to the 
presence of IL-2. Moreover a synergic effect of IL-2 and 
GM-CSF was observed. The enzymatic features changed 
with the culture time: before the differentiation into DC, 
the stimulated cells expressed the typical pattern of 
monocytes. On the contrary, at advanced stage of 
differentiation, some enzyme activities changed and in 
terminally differentiated dendritic cells the reactions for 
peroxidase and serine esterase were negative. 

Considering the morphological features, the ability 
to interact with lymphocytes and the enzymatic pattern 
observed, we suppose that IL-2 may act as a maturative 
factor rather than as  a growth factor in the DC 
differentiation. 
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complex (MHC) expressed on the surface of antigen- 
presenting cells (APC). These cells can differentiate both 
from myeloid precursors and from circulating monocytes 
(Young et al., 1995). Some authors assert that 
macrophages and dendritic cel ls  are not able to 
exchange. On the contrary, it has been demonstrated that 
peripheral blood monocytes can differentiate into cells 
with dendritic features (Peters et al., 1996). The growth 
factors mainly involved in the dendritic differentiation 
seem to be the interleukin-4 (IL-4), the granulocyte- 
monocyte colony stimulating factor (GM-CSF), tumor 
necrosis factor (TNF) and the interferon-y (INF-y). 
Moreover, the presence of T lymphocytes in the cultures 
of dendritic cells seems to be an enhancing factor for the 
proliferation of dendritic cells (Banchereau et al., 1998) 
suggesting that factors released by T lymphocytes are 
necessary for the health of DC. On the other hand, the T 
cell  growth factor interleukin-2 (IL-2) has been 
demonstrated to affect almost all immune functions. A 
previous observation on the presence of proliferating 
dendritic cells in peripheral blood mononucleated 
(PBMC) cultures maintained with IL-2 (Capelli et al., 
1997) led us to suppose that this factor could be involved 
in DC differentiation. The aim of the present work was 
to study the effect of IL-2, alone or in combination with 
other factors, on proliferation and differentiation of 
human blood monocytes into DC in vitro. 

Materials and methods 

Introduction Monocyte cultures 

Recently, it has been suggested that the dendritic cell 
system of antigen presentation is probably the main 
initiator and modulator in the first steps of the immune 
response (Grabble et al., 1995). Dendritic cells (DC) are 
efficient stimulators of B and T lymphocytes (Steinman, 
1991). The T-cell antigen receptor (TCR) recognises 
antigenic peptides bound to the major histocompatibility 
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Peripheral blood mononucleated cells (PBMC) from 
healthy donors were isolated by a density gradient (d= 
1.077, Histopaque, Sigma, Poole, Dorset, UK). The cell 
suspension was seeded in 5 cm-diameter Petri dishes 
(5x10~ cells/5ml/dish). After two hours the non adhering 
cells were gently harvested and discarded. The dishes 
were washed with culture medium (RPM1 1640), then 
complete medium containing 20% foetal calf serum, 
penicillin (100U/ml),  streptomycin (1000g/ml), 
amphotericin B (0.0085%) and growth factors under 
study were added. The cells were incubated for 3, 6, 8 
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and 16 days at 37 "C in a 5% CO;! humidified incubator. 

Growth factors 

Stock solutions of GM-CSF (10mg/ml, Eurobio 
Lab., Les Ulis Cedex, Paris, France), IL-2, (100ng/ml, 
Eurocetus, Holland), G-CSF (300mg/ml, Neupogen, 
Hoffman-La Roche, Basel, Switzerland) and IL-4 
(100ng/ml, Reprotech, Inc, Rocky Hill, NY, USA) were 
prepared by dissolving the lyophilised factors in culture 
medium. The solutions obtained were subdivided into 
aliquots and stored at -20 "C until use. The IL-2 doses 
were chosen according to previous experiments in which 
we considered the proliferating index and vitality in 
relationship to the concentration use (Capelli et al., 
1997). We used the following concentration: 100pgIml 
IL-2. The doses of the GM-CSF, G-CSF and IL-4 were 
respectively: O.Sng/rnl, 30pg/ml and lOng/ml. The doses 
were selected according to the data reported in the 
literature for  the stimulation of phagocytic 
mononucleated subsets (Tanaka et al., 1991; Lutz et al., 
1996; Reddy et al., 1997 ). 

As control, PHA solution was used (l%, Gibco BRL 
Poistey, Renfrenshire, UK). 

Electron microscopy 

Cells were gently transferred into tubes containing 
an excess volume of a freshly prepared solution of 2.5% 
glutaraldehyde in 0.1M cacodylate buffer (pH 7.4). After 
fixation (2 hours) at 4 "C, the cells were centrifuged, 
washed three times in 0.1M cacodylate buffer containing 
1% sucrose and post-fixed for 1 hour at 4 "C in 1% 
O s 0 4  diluted in cacodylate buffer. After several 
washings the cells were pre-embedded with 2% agar in 
buffer, dehydrated in a graded series of ethanol and 
embedded in Epon 812. Thin silver to gold sections were 
stained with saturated uranyl acetate in 50% acetone and 
with Reynold's lead citrate and were examined with a 
Zeiss EM 900 operating at 50 kV. 

Cytochemical reactions 

The fol lowing cytochemical reactions were 
performed: naphtol-AS-D-cloroacetate esterase [NCAE; 
EC 3.1.1.21 (Wachstein and Wolf, 1958); a- 
naphthylacetate esterase [NAE; EC 3.1.1.11 (Yam et al., 
1978); a-naphthyl-butyrrate esterase [NBE; EC 3.1.1.61 
(Higgy et al., 1977); acid phosphatase [AP; EC 3.1.3.21 
(Li et al., 1970); alkaline phosphatase [ALP; E.C. 
3.1.3.11 (Yam et al., 1978) peroxidase [PerOX; E.C. 
1.11.1.71 (Burstone, 1958; Graham and Karnovsky, 
1966); dihydrofolate reductase [DHFR; EC 1.5.1.31 
(Gerzeli and De Piceis Polver, 1969); dipeptidyl(amin0) 
peptidase IV [DAP IV; EC 4.4.14.51 (Loyda, 1977) and 
serine esterase BTL-dependent (SE) (Wagner et al., 
1993). Control samples of the enzymatic reactions were 
performed by omitting the substrate; samples were then 
mounted in buffered glycerine and examined by light 

microscopy. Enzyme positivity was studied by 
qualitative evaluation (Chilosi e t  al., 1982). The 
percentage of positive cells was estimated on a range of 
350-700 cells per sample. 

Morphological stain 

The cell smears obtained from different cultures 
were stained with May-Grunwald Giemsa (MGG) for 
the morphological identification of the cell types. The 
scoring was performed by inspecting a sample ranging 
from 350 to 700 cells on MGG-stained specimens. 

Statistical analysis 

The double-tailed Fisher's exact test was employed 
for each comparison made. 

Results 

We studied the growth response of human blood 
monocytes after stimulation with the following different 
factors: IL-2, GM-CSF, G-CSF and IL-4. The different 
growth factors were used alone or in combination, by 
treating circulating monocytes for a maximum of 16 
days culture. Differences in cell proliferation were 
observed in the various conditions and in relation to the 
time of culture. In fact, at early culture time, the highest 
recovery of proliferating cells was detected in PHA, 
PHA plus IL-2 and IL-2 treated cultures with the 
duplication of the culture at 3rd day. At prolonged time 
(10-21 days), the cells treated with PHA or G-CSF 
underwent to degeneration. In G-CSF treated cells we 
observed rare survival clones after a 21 days incubation. 
At early culture time (3 to 8 days) we observed, in all 
conditions, the appearance of cells with dendritic 
morphology (DC) accompanied by large mononucleated 
cells like activated monocytes. Within the monocytoid 
population we considered the typical monocyte (m) (11- 
14 p m  in diameter) with a peripheral folded nucleus, and 
enlarged cells (M) (30-35 p m  in diameter) with roundish 
or irregular nucleus. The results of the scoring of the 
different cells (m, M, DC) are reported in table 1. The 
data obtained with the factors under study are compared 
with the data obtained in PHA-stimulated cultures. 

In all conditions, the highest percentage of 
monocytoid cells (m+M) was observed in the 8-day 
cultures with a mean value of heighty percent of the total 
cel ls  (range: 70-90%). The  lowest percentage of 
monocytes was obtained in the GM-CSF- and G-CSF 
plus GM-CSF-treated cultures (72% and 70% 
respectively). 

After a 16-day culture the percentage of monocyte 
cells was generally reduced. Only in the cultures treated 
with IL-4 no difference was observed between the 8- and 
16-day cultures. On the contrary, in the PHA-treated 
cultures an increased percentage of monocytes was 
observed. Distinguishing the monocytoid cells into the 
two morphological types described above, we could 
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deduce from the analysis, that the M cells generally 
decreased or remained at the same value with the 
prolonged time in culture. Only after the treatment with 
IL-4, these cells showed a ten percent increase over the 
mean recovery. 

The highest amount of dendritic cells after eight 
days culture was obtained after treatment with IL-2, 
GM-CSF, IL-2 plus G-CSF and G-CSF plus GM-CSF 
(20, 28, 20 and 26 percent of the total cell recovery 
respectively). Evaluating the variation in dendritic cell 
incidence with increased time in culture we observed 
that in the presence of IL-4 or PHA no increase in the 
percentage of dendritic cells was obtained. On the 
contrary, in the remaining treatment conditions, an 
increase in the percentage of cells with dendritic 
morphology was observed. Particularly significant 
(p<0.0001) was the increase in dendritic cells observed 
in the cultures treated with IL-2 plus GM-CSF and in the 
cultures treated with IL-2, GM-CSF plus IL-4 (seven 
and six times respectively). 

The enzymatic characterization of the cells was 
performed by cytochemical reactions for the following 
enzyme activities: naphtol-AS-D-cloroacetate esterase 
(NCAE), a-naphthylacetate  esterase (NAE), a- 
naphthylbutyrrate esterase (NBE), acid phosphatase 
(AP), alkaline phosphatase (ALP), peroxidase (PerOX), 
dihydrofolate reductase (DHFR), dipeptidyl(amin0) 
peptidase IV (DAP IV) and serine esterase BTL- 
dependent (SE) as described in Materials and Methods. 
Fig. l a  shows cells with a dendritic subtype morphology 

after MGG staining and the different histochemical 
enzyme reactions (Fig. lb-g). 

These cells were observed in all conditions and the 
highest percentage was observed in the cultures treated 
with GM-CSF and IL-2 after 16 days of incubation. 

The percentages of cells showing positivity for 
seven different enzymatic activities studied are reported 
in Fig. 2, where the data were derived from three 
independent experiments. 

The NCAE, NAE, NBE and AP activities, which are 
common activities of monocytic lines, resulted in a 
diffuse granular staining over all the monocyte cells 
obtained. Most of the cells with dendritic morphology 
displayed a dot-like pattern of reactivity and a small 
percentage were negative or showed a scattered fine and 
granular pattern. Comparing the two times of 
observation (8 and 16 days) the dendritic cells showing a 
diffuse cytoplasmic reactivity increased with the 
prolonged time of culture. On the contrary, the frequency 
of dendritic cells showing a moderate granular pattern 
for PerOX activity did not display the same trend. In 
haematic cells PerOx activity was present in the 
granulocytic lines and positive reactions may occur in 
monocytes. 

All cell types were positive for DHFR activity. This 
enzyme is particularly important in metabolic processes 
during proliferation of the cell. DAP IV is a post-proline 
hydrolytic enzyme that cleaves dipeptides from the N- 
terminal region of polypeptides and is expressed mainly 
on the activated T cells surface. SE is associated with the 

Table 1. Percentage of small monocyte cells (m), enlarged monocytoid cells (M), total rnonocytoid cells (m+M), dendritic cells (DC) and large 
rnonocytoid cells plus DC (MtDC) in the cultures treated with different growth factors and in the PHA-treated cultures. Mean values (+SD) obtained 
from triplicate experiments. 

GROWTH FACTORS DAYS OF CULTURE m M m+M DC DC+M 

IL-2 

IL-4 

G-CSF 

GM-CSF 

IL-2+IL-4 

IL-2+G-CSF 

IL-2+GM-CSF 

IL-2tIL-4+GM-CSF 

IL-4+GM-CSF 

G-CSF+GM-CSF 

PHA 
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Flg. 1. a. Cell with dendritic morphology stained with May Grunwald Giemsa. Cultures treated with GM-CSF plus IL-2. A low nucleuslcytoplasm ratio 
and cytoplasmic protusions (black star) are shown. The cells are interacting with some lymphocytes (white star). b. A cell with dendritic morphology 
showing a positive and coarsely granular dihydrofolate reductase reaction. c. An enlarged monocytoid cell (arrow) with a diffuse staining product of 
butirrate esterase. Lyrnphocytes with few scattered granules are also present. d. An irregular rnonocytoid cell showing a moderate positive pattern for 
peroxidase activity. e. Cells with dendritic morphology showing diffuse and intense naftol-AS-D-cloroacetate esterase stain product. The arrows 
indicates scattered positive granules in cytoplasmatic tails. t. An enlarged monocytoid cell showing a strong acid phosphatase positivity that interact 
with lymphocytes positive for AP staining. g. Two cells with dendritic morphology and an enlarged monocytoid cell showing diffuse and finely granular 
acid phosphatase reaction over nucleus and cytoplasm. X 1,200 
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Fig. 2. Positivity for enzymatic reactions: naphtol AS-D-cloroacetate 
esterase (NCAE), a-naphtilacetate esterase (NAE), a-butirate esterase 
(BAE), acid and alcaline phosphatase (AP), peroxidase (PerOX), 
dihydrofolate reductase (DHFR), serine esterase BTL-dependent (SE). 
Percentage of small monocyte cells (m), enlarged monocyte cells (M) 
and dendritic cells (DC), treated with different growth factors for 8 and 
16 days. Mean values obtained from three independent experiments. 
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Flg. 3. Electron microscope morphology. a. A monocytoid cell (black star), an enlarged monocytoid cell (white star). A small lymphocyte is also 
detected (I). b. Profile of a dendritic cell showing the typical spiny processes. c. A large dendritic cell showing a cytoplasmatic weave (large arrow). 
Cultures treated with GM-CSF and IL-2. Note the high incidence of mitochondria, lysosomes and lipidi droplets, d. Apoptotic cell of probable dendritic 
derivation showing a network of spiny processes. a-c, X 3,000; d, X 7,000 
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cytotoxic activity of some T cell subsets. The ALP 
activity of blood cells is typically localised in mature 
cells of the granulocyte series and is poorly expressed in 
monocytoid line (Beckstead et al., 1981). All cell types 
resulted negative for these enzyme reactions at both 
times of observation (8 and 16 days). 

At the ultrastructural level, some subcellular 
morphological parameters were studied in order to 
characterize the functional state of cells during their 
differentiation into the dendritic state. 

The ultrastructure was examined in cells obtained 
from 16 days cultures. We observed, in all conditions, a 
high level of cellular heterogeneity. In the cultures 
maintained in presence of IL-2 we observed 1 )  
monocytoid cells with a folded nucleus, 2) enlarged cells 
with a round shape, asymmetrical nucleus and abundant 
cytoplasm with heterogeneous lysosomes (Fig. 3a), and 
3) irregularly shaped cells with cytoplasmic projections, 
nuclear invaginations, rich chondrioma and diffuse 
ribosomes (Fig. 3b). From the above described features 
we considered that these last cells belonged to the 
dendritic subset at terminally differentiation stage 
(mature dendritic cells) (Fig. 3c). These cells presented 
small, homogeneously shaped lysosomes, with variable 
electron density. In these cells, spherical droplets with a 
variable degree of osmiophility related to lipid vacuoles 
were also found. 

Small lymphocytes interacting with dendritic cell 
were frequently observed. In particular, during the 
interactions, cytoplasmic projections from the large 
irregular cells surrounded the lymphocytes. An 
interesting finding was the observation of dendritic cells 
presenting a chromatin condensation typical of apoptotic 
degeneration (40%) (Fig. 3d). 

Cells from cultures treated with GM-CSF presented 
mainly monocytoid feature and dendritic morphology. 

The cells stimulated with IL-4 or G-CSF showed 
similar ultrastructural features: presence of monocytoid 
cells; a lot of enlarged round cells with abundant 
cytoplasm enriched with pleomorphic granules; and 
dendritic cells. In these sample we noticed many cells 
undergoing degenerative processes with disintegration of 
the cytoplasm and organelles (35%). 

The cultures stimulated with IL-2 plus IL-4 or IL-2 
plus G-CSF appeared ultrastructurally similar: cells with 
monocyte and dendritic features. Moreover, patterns of 
interaction between small lymphocytes and dendritic 
cells were observed. On the other hand, a distinctive 
finding of these cultures was the observation that 
dendritic cells showed small homogeneous lysosomes 
and presented multivesicular bodies. 

In the cell samples obtained from cul tures  
stimulated with IL-2 plus GM-CSF and IL-2 plus GM- 
CSF and IL-4, cells with monocyte features, many 
large round cells with pleomorphic granules, cells 
with dendritic pattern and many lymphocytes were 
present. Like the dendritic cells observed in the IL-2- 
treated samples, these cells showed homogeneous 
lysosomes, and the presence of apoptosis  was  

remarkable (40-45%). 
In the cultures maintained in the presence of IL-4 

plus GM-CSF, cells with monocytoid and dendritic 
morphology were found together with many cells 
showing a degenerative pattern. 

Discussion 

In the present work we studied the effect of IL-2 on 
the differentiation of human blood monocytes into 
dendritic cells in vitro, following treatment with IL-2, 
alone or in combination with other growth factors (IL-4, 
G-CSF, GM-CSF). By ultrastructural analysis we 
concluded that full differentiation of DCs only occurs in 
the presence of IL-2 (Hart,1997). We previously reported 
the observation of well differentiated dendritic cells 
(Capelli et al., 1997) in peripheral blood cultures treated 
with IL-2. In the present study we observed a synergic 
action of IL-2 and other cytokines, such as IL-4, G-CSF 
and GM-CSF. In these conditions, in addition to well 
differentiated DC, we observed the highest frequency of 
interactions between dendritic cells and lymphocytes. 
This could be related to the functional activity of DCs as 
antigen-presenting cells. In fact, mature DC localised in 
the lymphonodes are always found in association with T 
lymphocytes (Wu et al., 1996; Imai et al., 1998). At the 
end of the maturation process DCs lose antigen- 
capturing ability and become immunostimulatory cells 
that trigger naive T cells recirculating through lymphoid 
organs (Ardavin et al., 1993; Thomas et al., 1993). The 
presence of activated lymphocytes in our cultures is 
probably the consequence of clonal expansion of 
contaminating leukocytes. It is reasonable to think that 
functional maturation of DCs depends on the presence of 
interleukin-2 and on the release of the same cytokine by 
stimulated T lymphocytes (Capelli et al., 1997). Other 
authors demonstrated that the presence of T lymphocytes 
is essential for the maturation of dendritic cells (Caux et 
al., 1994). In the cultures treated with IL-2 only, we did 
not observe an increase in proliferating cells but only 
changes in phenotypic features of DCs. In the cultures 
treated with IL-2 and GM-CSF or with IL-2, IL-4 and 
GM-CSF, we also observed increased proliferation. 
Some authors reported that GM-CSF and IL-4 are able 
to induce the differentiation of cells with dendritic 
morphology (Sallusto et al., 1994). We confirm this 
observation and moreover, our data indicate that DC 
show a functional maturation pattern only in the 
presence of IL-2. The enzymatic activities observed in 
DC obtained in our conditions, resulted lower than those 
observed in monocytes. In fact, the enzymatic features 
changed with the culture time: before the differentiation 
into DC, the stimulated cells expressed the typical 
enzymatic pattern of monocytes. At an advanced stage 
of differentiation, some enzyme activities change. In 
terminally differentiated dendritic cells the reactions for 
peroxidase and serine esterase are usually negative (Hu 
et al., 1993). 

An interesting finding was the presence of apoptotic 
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cells derived from DC in the cultures showing the 
highest incidence of mature cells. This is in agreement 
with the predisposition to apoptosis of terminally 
differentiated DC (Santiago-Schwarz et al., 1997). 
Apoptotis is considered to be a control phenomenon in 
cell growth and differentiation. It is important to note 
that apoptotic events,  which occur at terminal 
maturation, play a role in supporting DC lineage 
selection and homeostasis. Distinct apoptotic events 
could be associated with different phases of DC 
development in cultures (Santiago-Schwarz et al., 1997). 

Ultrastructural study allows the detailed observation 
of some functional aspects of differentiated cells. In each 
culture condition we observed, in immature DC, large 
heterogeneous granules. The presence of this type of 
granule could be involved in phagocytic activity. 
Phagocytosis is a pivotal function of the monocytel 
macrophage system. Langerhans cells that are DC 
precursors have been shown to be phagocytic. It has 
been demonstrated that phagocytic activity is present in 
DCs at early differentiation steps only (Reis et al., 1993). 
The  presence of heterogeneous lysosomes and 
phagosomes is indicative of intense phagocytic activity 
of the cells. In the present study we observed that DC 
recovered from IL-Ztreated cultures were characterized 
by homogeneous lysosomes in the cytoplasm, differing 
from DC in the cultures in presence of the other studied 
factors and without IL-2, that also presented 
heterogeneous granules. The presence of endosomes and 
homogeneous lysosomes is essential for antigen 
processing (Reis et al., 1993). It is well-known that 
mature dendritic cells of lymph nodes containing MHC 
class I1 proteins and antigenic peptides, have thin and 
homogeneous granules (Kleijmeer et al., 1995). DCs 
from the cultures maintained in the presence of IL-2 
alone, or in combination with GM-CSF andlor IL-4, 
have mainly this type of granule. Many data refer to the 
ability of IL-4 and GM-CSF to support DC growth in 
vitro. Our data are in agreement with these findings. In 
fact from our previous observation and the present 
results the IL-2 induces an enhancement of DC growth 
and differentiation. For the presence in these cells of a 
lysosomal pattern similar to that observed in the mature 
DC of lymph nodes, we suppose that IL-2 may act as a 
maturative factor rather than as a growth factor. 
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