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The in vitro effects of gamma interferon (IFN-�) on the mouse CD5� B1-cell line, TH2.52, a hybridoma
between mouse B lymphoma and mouse splenic B cells that expresses a series of B1 markers, were investigated.
A significant number of macrophage-like cells appeared in the cultures of TH2.52 cells exposed to IFN-�, these
adhering to plastic dishes and exhibiting phagocytic activity. Positive for esterase staining, the macrophage-
like cells returned to the original TH2.52 morphology upon removal of IFN-�. The change was prevented by
treatment with SB202190, an inhibitor of p38 mitogen-activated protein (MAP) kinase and by transfection of
a p38 MAP kinase dominant-negative mutant. Further, interleukin-4 (IL-4) inhibited IFN-�-induced phos-
phorylation of p38 MAP kinase and the appearance of macrophage-like cells. IFN-� and IL-4 exhibited
contradictory actions on morphological change of CD5� B1 cells into macrophage-like cells. Differential
regulation of CD5� B1 cells by IFN-�, a Th1 cytokine, and IL-4, a Th2 cytokine, may have clear immunological
significance.

The immune system features a subset of B cells that are
phenotypically and functionally distinct from the conventional
B-cell population (17, 18, 20, 21); these cells express a low level
of CD5 and are therefore termed CD5� B cells. The B-cell
population including CD5� B cells and CD5� B cells that are
very similar is now referred to as B1 cells. Recently, there have
been several reports on a close relationship between CD5� B
cells and macrophages (3–6), running counter to the current
paradigm for hematopoietic lineage relationships. In the stud-
ies, CD5� pre-B-cell lymphomas were shown to acquire mac-
rophage characteristics, violating current textbook models of
hematopoiesis in which the lymphoid and myeloid lineages
diverge at the level of a very early progenitor cell. This new
concept of the existence of a normal B-cell/macrophage cell
(B/macrophage cell) with a CD5� B1-cell origin has been
extensively reviewed (4, 5), and it is now well established that
the B/macrophage cells are morphologically distinct from clas-
sical macrophages and have unique surface characteristics in
line with their B-cell origin. The TH2.52 cell line, established
by fusion of a mouse B lymphoma cell with a mouse splenic B
lymphocyte (14–16), is a CD5� B1-cell line characterized by
the presence of several macrophage markers (23). In the
present study, the in vitro effects of gamma interferon (IFN-�)
in TH2.52 B1 cells are documented, including transformation
into macrophage-like cells inhibited by interleukin-4 (IL-4).

MATERIALS AND METHODS

Reagents. IFN-� and IL-4 were obtained from PeproTech, London, England.
SB202190 (a specific inhibitor of p38 mitogen-activated protein [MAP] kinase),
its inactive analogue SB202474, AG490 (a specific inhibitor of Janus tyrosine
kinase 2 [JAK2]), and PD98059 (a specific inhibitor of extracellular signal-
regulated kinase 1/2 [ERK1/2]) were from Calbiochem, Darmstadt, Germany.
Anti-IFN-� antibody was purchased from Genzyme, Cambridge, Mass., and
antibodies to p38, phospho-p38, the signal transducer and activator of transcrip-
tion 1 (STAT1), and phospho-STAT1 were was obtained from New England
Biolabs, Beverly, Mass. A pcDNA3 vector carrying the dominant-negative mu-
tant of p38 MAP kinase (34) and the empty vector were kindly supplied by J.
Han, The Scripps Research Institute (La Jolla, Calif.).

Cell culture. The TH2.52 cell line, a hybridoma line produced by fusion
between the M12.4.1 lymphoma of BALB/c mouse origin and normal splenic B
lymphocytes from C57BL/6 mice (14), expresses CD5, CD11b, B220, F4/80, and
CD14 (23). The cells were cultured in RPMI 1640 (Sigma Chemical, St. Louis,
Mo.) supplemented with 5% heat-inactivated fetal calf serum (HyClone, Logan,
Utah), 2 mM L-glutamine, 0.05 mM 2-mercaptoethanol, and antibiotics at 37°C
under 5% CO2.

Identification of macrophage-like cell. Cells were cultured at 5 � 103/100 �l in
96-well plastic plates with various stimuli for the indicated times. Macrophage-
like cells were defined as spread cells having dendritic processes extending at
least one cell diameter. A minimum of 200 cells were counted for the frequency
of the macrophage-like morphology, and the results were expressed as the means
of triplicate determinations with the standard deviation. For the detection of
nonspecific esterase activity, cells were stained with an esterase staining kit
(Mutou Chemical, Tokyo, Japan) according to the manufacturer’s protocol. The
frequency of esterase-positive cells was determined by inspecting at least 200
cells under a microscope. For the detection of phagocytic function, macrophage-
like cells were incubated in culture medium containing 0.01% 6-�m latex beads
(Becton Dickinson, Franklin Lakes, N.J.), washed, fixed with paraformaldehyde,
and stained with Giemsa. The frequency of phagocytic cells was determined by
inspecting ca. 300 cells under an inverted microscope.

Laser flow cytometric analysis of CD5 expression. TH2.52 cells were incubated
with IFN-� (100 U/ml) for 3days and nonadherent cells were removed by wash-
ing. Macrophage-like cells were incubated in 0.05% trypsin, 0.5 mM EDTA
(Gibco-BRL/Life Technologies, Carlsbad, Calif.) for 5 min and detached with a
scraper. The cells were stained by a 1:200 dilution of fluorescein-conjugated
anti-CD5 monoclonal antibody (PharMingen, San Diego, Calif.). The cells were
washed with 0.01 M phosphate-buffered saline at pH 7.2 (PBS) and then sus-
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pended in PBS. The fluorescence intensity was analyzed with a laser flow cytom-
eter (FACScaliber; Becton Dickinson) and expressed on a log scale.

Immunoblotting. Immunoblotting was performed as described previously (23).
Briefly, TH2.52 cells were cultured with IFN-� (100 U/ml), washed with PBS, and
lysed with a lysis buffer. The cell lysates were then diluted with an equal volume
of 2� sample buffer and boiled for 5 min. Samples were separated under
reducing conditions by electrophoresis with 4 to 12% polyacrylamide gels, and
separated proteins were transferred to membranes by electroblotting. The mem-
branes were blocked with 5% skim milk in PBS and, after being washed in PBS
containing 0.05% Tween 20, were treated with a 1:1,000 dilution of antibodies to
p38, phospho-p38, STAT1, or phospho-STAT1. The resulting immune com-
plexes were reacted with a 1:1,000 dilution of horseradish peroxidase-conjugated
goat anti-rabbit immunoglobulin G F(ab�)2 antibody (Cappel, West Chester,
Pa.). Finally, the immune complexes were detected with an enhanced chemilu-
minescence substrate (New England Nuclear, Boston, Mass.). A prestained low-
molecular-weight standard kit from Gibco-BRL was used as a reference.

Stable transfection with the dominant-negative p38 MAP kinase mutant.
TH2.52 cells were seeded at 2 � 105/well in 24-well plates and transfected with
the dominant-negative mutant of p38 MAP kinase or the empty control for 8 h
with Lipofectamine 2000 reagent (Gibco-BRL) according to the manufacturer’s
protocol. After 40 h of incubation, fresh RPMI 1640 containing 5% fetal bovine
serum and Geneticin (1 mg/ml) were added, and the cells were incubated for an
additional 48 h. Stable transfectants were treated with IFN-�.

Statistical analysis. The statistical significance of the differences between
experimental results expressed as mean values � the standard deviation was
determined by using the Student t test.

RESULTS

Appearance of macrophage-like cells in cultures of TH2.52
cells with IFN-�. The in vitro effect of IFN-� on TH2.52 cells
was studied by incubating TH2.52 cells with IFN-� (100 U/ml)
for 3 days. A number of TH2.52 cells adhered to plastic dishes
and became spindle shaped or dendritic under these conditions
(Fig. 1). On the other hand, macrophage-like cells did not
appear in the cultures of M12.4.1 partner cells treated with
IFN-� (100 U/ml) or in cultures of TH2.52 cells exposed to
granulocyte-macrophage colony-stimulating factor (GM-CSF),
M-CSF, IL-3, IL-2, tumor necrosis factor alpha, or IL-1�.
Next, the time course of appearance of macrophage-like cells
was monitored for 4 days. A significant number of cells was
found 1 day after the addition of IFN-�, and the number
gradually increased for 3 days (Fig. 2A), with no significant
increase thereafter. After 2 days, more macrophage-like cells
appeared in cultures with IFN-� at 80 U/ml than in cultures
with IFN-� at 40 U/ml. However, there was no significant
increment when the concentration was 120 U/ml (Fig. 2B).
Macrophage-like cells also appeared in cultures with a 500-
U/ml concentration of IFN-� for 4 days.

FIG. 1. Morphology of macrophage-like cells appearing in cultures of TH2.52 cells with IFN-� treatment. TH2.52 cells were cultured with
IFN-� (100 U/ml) for 3 days. (A and B) Untreated control cells; (C and D) IFN-�-treated cells. Magnifications: A and C, �100; B and D, �400.

1170 KOIDE ET AL. CLIN. DIAGN. LAB. IMMUNOL.



The appearance of macrophage-like cells in cultures with
IFN-� was completely inhibited by the addition of anti-IFN-�
neutralizing antibody (1 �g/ml) but not anti-GM-CSF or IL-3
neutralizing antibody (data not shown). Supernatant from
TH2.52 cells cultured with IFN-� (100 U/ml) for 4 days did not
induce the appearance of macrophage-like cells in the pres-
ence of anti-IFN-� neutralizing antibody. Therefore, the pos-
sibility was excluded that IFN-� might cause production of a
humoral factor capable of shifting TH2.52 differentiation to a
macrophage-like morphology.

Macrophage functions of macrophage-like TH2.52 cells.
When TH2.52 cells were cultured with IFN-� (100 U/ml) for 3
days, almost 100% were positive for nonspecific esterase stain-
ing (Fig. 3), untreated control cells being totally negative. The
esterase-positive cells increased to a plateau level after 2 days
(Fig. 3). Incubation with latex beads resulted in many cells
engulfing one or two latex beads, but this finding was extremely
rare with untreated control cells (Fig. 4). Vacuoles were also
seen in the macrophage-like cells. Interestingly, IFN-�-induced
macrophage-like cells expressed a higher level of CD5 than did
untreated control TH2.52 cells (Fig. 5), whereas the expression
of other surface markers, including surface immunoglobulin,
did not change significantly.

Reversibility of the IFN-�-induced change in response to a
macrophage morphology. When TH2.52 cells were cultured
with IFN-� (100 U/ml) for 3 days and macrophage-like cells
were then cultured in the absence of IFN-� for 5 days, the

number of nonadherent round TH2.52 cells increased gradu-
ally, and this morphology accounted for the majority of cells by
the end of the period of cultivation. There was no significant
difference in the response to IFN-� between the recovered
TH2.52 cells and the original cells.

Involvement of the p38 MAP kinase pathway in IFN-�-
induced morphological change. The signal pathway participat-
ing in IFN-�-induced morphological change was characterized
with a focus on p38 MAP kinase signaling, since IFN-� is
known to activate this enzyme (13, 24, 27). First, the effect of
a p38 MAP kinase inhibitor (SB202190) and an inactive ana-
logue (SB202474) on IFN-�-induced morphological change
was studied. IFN-�-induced phosphorylation of p38 MAP ki-
nase was confirmed by the immunoblotting with anti-phospho-
p38 antibody (Fig. 6). Subsequently, pretreatment with
SB202190 at 10 �M for 1 h definitely inhibited the appearance
of macrophage-like cells in response to IFN-� (Fig. 7). How-
ever, the inactive analogue, SB202474, had no effect. More-
over, transfection of a dominant-negative mutant of p38 MAP
kinase into TH2.52 cells prevented the appearance of macro-
phage-like cells in the presence of IFN-� (Fig. 8). IFN-� did
not induce the phosphorylation of ERK1/2 or the c-Jun–N-

FIG. 2. Appearance of macrophage-like cells in cultures of TH2.52
cells with IFN-� treatment. TH2.52 cells were cultured with IFN-�
(100 U/ml) for various days (A) or with various concentrations of
IFN-� for 2 days (B). The frequency of macrophage-like cells was
determined under a microscope.

FIG. 3. Nonspecific esterase staining of IFN-�-induced macro-
phage-like cells. TH2.52 cells were cultured with IFN-� (100 U/ml),
and the time course in the appearance of esterase-positive cells was
monitored for 4 days (top). A typical staining pattern of esterase-
positive cells at day 4 is shown (bottom). (A) Untreated control cells;
(B) IFN-�-treated cells. Magnification, �140.
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terminal kinase/stress-activated protein kinase (JNK/SAPK)
(data not shown). Furthermore, PD98095, an ERK1/2 inhibi-
tor, did not prevent IFN-�-induced morphological changes.

With regard to the JAK/STAT pathway (19), the effects of
AG490, a JAK2 inhibitor (10, 19, 29, 35), on IFN-�-induced
morphological change were studied. AG490 (50 �M) blocked
phosphorylation of STAT1 but not the morphological change.

Inhibition of IFN-�-induced morphological change by IL-4.
Since IFN-� is a typical Th1 cytokine (7, 30, 31), the effects of
IL-4, a representative Th2 cytokine (7, 30, 31), on IFN-�-
induced morphological change was examined (Fig. 9). When
TH2.52 cells were pretreated with various concentrations of
IL-4 for 30 min and cultured with IFN-� (100 U/ml) for an
additional 3 days, doses higher than 50 U/ml inhibited the

appearance of macrophage-like cells. IL-4 also blocked the
IFN-�-induced phosphorylation of p38 MAP kinase.

DISCUSSION

The present study demonstrates that IFN-� induces the mor-
phological change of CD5� B1 TH2.52 cells so that they be-
come macrophage-like. Based on esterase staining and phago-
cytic activity, this has an apparent functional connotation.
Macrophage-like cells returned to original TH2.52 B1 cells in
the absence of IFN-�, suggesting reversibility. There are sev-
eral reports concerning the close relationships between malig-
nant CD5� B cells and macrophages (3–6). Borrello et al. (4,
5) reviewed newly identified, normal B/macrophage cells that
express characteristics common to CD5� B cells and macro-

FIG. 4. Phagocytic function of IFN-�-induced macrophage-like cells. TH2.52 cells were cultured with or without IFN-� (100 U/ml) in culture
medium containing latex beads for 4 days. (A) Untreated control cells; (B) IFN-�-treated cells. Magnification, �200.

FIG. 5. Expression of CD5 on IFN-�-induced macrophage-like
cells. TH2.52 cells were incubated with IFN-� (100 U/ml) for 3days,
and nonadherent cells were removed by washing. Macrophage-like
cells (bold line) and untreated control cells were stained with fluores-
cein isothiocyanate-conjugated anti-CD5 antibody.

FIG. 6. Phosphorylation of p38 MAP kinase by IFN-�. TH2.52 cells
were cultured with various concentrations of IFN-� for 1 h (A) or with
IFN-� at 100 U/ml for various periods (indicated in minutes) (B).
Phosphorylation of p38 MAP kinase was detected by immunoblotting
with an anti-phospho-p38 antibody.
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phages. A minority of splenic CD5� B cells acquire a macro-
phage-like phenotype in fibroblast cultures, suggesting that
B/macrophage cells are derived from a subpopulation of
splenic B1 cells (4, 5). This view is consistent with the fact that

TH2.52 B cells are CD5� hybridomas with splenic B cells (23)
and that they are heterogeneous and individually programmed
for differentiation responses (25). TH2.52 cells might thus pro-
vide a useful tool for characterizing the relation between
CD5� B1 cells and macrophages. It is of interest in this context
that the morphological change of B2 cells due to lipopolysac-
charide and IL-4 has been reported (8, 9).

IFN-� and IL-4 are Th1 cytokines achieve cell-mediated
immunity, whereas Th2 cytokine are responsible for develop-
ing humoral immunity (7, 30, 31). CD5� B1 cells differentiate
into macrophages in a Th1-type (IFN-�-rich) environment and
promote cell-mediated immunity as antigen-presenting cells.
On the other hand, they may function as immunoglobulin-
producing B cells in a Th2-type (IL-4-rich) environment and
thus promote humoral immunity. Macrophage-like cells pos-
sessing antigen-specific immunoglobulin and phagocytic func-
tions could act as antigen-specific antigen-presenting cells. B1
cells produce antibodies to multivalent antigens of bacterial
cell wall components (1), such as lipopolysaccharide (33),
phosphatidylcholine (28), and 	1-3 dextran (11), which are
also reactive with Enterobacter and Serratia spp. in the Entero-
bacteriaceae family (22). B1 cell-derived macrophage-like
cells might become presenting cells for a restricted repertoire
of antigens, such as bacterial components. Further, macro-
phage-like cells express high levels of CD5. Since CD5 is re-
ported to negatively regulate B-cell receptor-mediated signal-
ing (2, 26), this elevated expression of CD5 might attenuate the

FIG. 7. Inhibition of the appearance of macrophage-like cells by
the p38 MAP kinase inhibitor SB202190. TH2.52 cells were pretreated
with SB202190 at 5 or 10 �M for 30 min and further cultured with
IFN-� (100 U/ml) for 4 days. A p38 MAP kinase inactive inhibitor,
SB202474, was also used as a negative control.

FIG. 8. Inhibition of the appearance of macrophage-like cells by a
p38 MAP kinase dominant-negative mutant. TH2.52 cells were trans-
fected with the p38 MAP kinase dominant-negative mutant or with the
empty control vector and incubated with IFN-� (100 U/ml) for 3 days.
(Top) Morphology of TH2.52 cells transfected with the empty control
vector or the p38 MAP kinase dominant-negative mutant. (Bottom)
The frequency of macrophage-like cells appearing was determined
under a microscope.

FIG. 9. Inhibition of the appearance of macrophage-like cells and
phosphorylation of p38 MAP kinase by IL-4. TH2.52 cells were pre-
treated with various concentrations of IL-4 for 30 min and then further
cultured with IFN-� (100 U/ml) for 3 days. (Top) Phosphorylation of
p38 MAP kinase was confirmed by the immunoblotting method. (Bot-
tom) The frequency of macrophage-like cells was determined under a
microscope.
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B1 character. It is of interest that IFN-�-induced macrophage-
like cells express CD5, a member of a superfamily of proteins
that contains one or more extracellular domains homologous
to the type I macrophage scavenger receptor cysteine-rich do-
main (12, 32).

The present study suggests that p38 MAP kinase might play
an important role in macrophage-like morphological change in
response to IFN-�. Thus, IFN-� and IL-4 exhibit opposing
effects on p38 MAP kinase and differentially regulate the mor-
phological change. The detailed mechanisms of how IFN-� and
IL-4 interact with the p38 MAP kinase pathway are still un-
clear, but there have been several reports that IFN-� causes
activation (13, 24, 27). We demonstrated its phosphorylation of
p38 MAP kinase. The JAK/STAT signal pathway is unlikely to
be involved in IFN-�-induced morphological change because
the inhibition of the phosphorylation of STAT1 by AG490, a
JAK2 inhibitor (10, 19, 29, 35), was here found to be without
influence.

It was unclear whether the phenomenon of morphological
change in the CD5� TH2.52 B1-cell line is relevant to physi-
ological B1 cells. In a preliminary experiment, mouse splenic
CD5� B cells became Ig� macrophage-like when isolated by a
panning method and cultured in the presence of IFN-�. This
finding suggests the hypothesis that splenic B1 cells shift to a
macrophage-like phenotype in response to IFN-� and thereby
play an important role in Th1- and Th2-mediated immunity
through reversible transition between B1 cells and macrophages.
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