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Abstract
Previously we described a decrease in l3-adrenergic re-
ceptor expression in B Iymphocytes as a consequence of
in vivo alloimmunization. This decrease correlates with
the highest response of alloantibody production by B
cells. In the present report we examined the participation
of intracellular signals elicited after alloimmune stimula-
tion. We showed that in vitro stimulation of B cells with
mitomycin C-treated allogenic cells induced a reduction
in the number of l3-adrenoceptors. This downregulation
correlated to changes in basal and in isoproterenol-stim-
ulated intracellular cAMP levels. We found that calcium
mobilization and protein kinase C activation triggered
after direct allogenic stimulation and/or by the action of T
cell-soluble factors induced the reduction in l3-adreno-
ceptor sites. These findings could be of interest to under-
stand the neuroendocrine mechanisms involved in the
regulation of B cell activation.
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Over the past several years strong evidence has been
accumulated indicating the participation ofthe autonom-
ic sympathetic system in the modulation of lymphocyte
activity. The immunological effects of neurotransmitters
are mediated via specific receptors localized in lymphoid
organs [1,2] or in circulating lymphoid cells [3, 4]. Several
studies have identified adrenergic receptors that are func-
tionally coupled to a cAMP-adenylyl cyc1ase signalling
pathway [3, 5]. Moreover, it has been suggested that cellu-
lar activity could be regulated by the adrenergic expres-
sion in the cell, exerting a negative neuroimmune control
of cellular response.

Various earlier studies have supported the notion that
the immune system is constitutively suppressed by the
sympathetic nervous system [6, 7]. In this context, Fuchs
et al. [8] demonstrated that lymphocytes from norepi-
nephrine-depleted animals have an overexpression of sur-
face l3-adrenergic receptorsand showed a reduced ability
to respond to sheep red blood cells in vitro. Accordingly,
we have previously reported that ~-adrenergic sites are
diminished in activated B lymphocytes purified from ani-
mals subjected to one or two immunological challenges
with alloimmune cells [9]. This decrease correlates to low
intracellular cAMP levels and with a higher response of
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alloantibody production [9]. A strong interrelationship
between lymphocyte adrenoceptors, noradrenaline con-
tent of the spleen, and antibody response has been
revealed in different conditions [7, 10]. Furthermore, it
was described that antigenic challenge induces an increase
on sympathetic activity in the spleen which would ac-
count for the downregulation of ~-adrenergic receptors on
lymphocytes during the immune response [8, 11]. Anoth-
er possibility is that the alteration of receptor density on
antigen-driven lymphoid cells does not respond to splenic
catecholamine levels; this effect might be a direct con se-
quence ofthe activation of immune cells by antigen stim-
ulation. In fact, Cazaux et al. [12] demonstrated that ~-
adrenergic receptor express ion and function were dimin-
ished in in vitro concanavalin-A-stimulated T lympho-
cytes.

The present study was undertaken to analyze whether
downregulation of ~-adrenergic receptors induced by an
in vivo allogenic stimulus on B cells could be a direct con-
sequence ofB cell activation via antigen stimulation and/
or a secondary effect mediated through soluble factors
produced by antigen-activated cells. By performing in
vitro studies, here we show that both events modulate the
~-adrenoceptor expression. We also describe the intracel-
lular pathways triggered during lymphocyte activation
that are involved in this phenomenon.

(Gibco) at 37"C for I h in order to produce lysis of T ceUs. After
washing, cells were incubated twice in supplemented medium at
37°C in 5% CO2/air for 45 min in 60-mm plastic tissue culture
dishes to remove adherent cells. The B cell population purity was
assessed by direct immunofluorescence using a monoclonal antibody
to mouse 1C and A. chains (Sigma) and resulted in the expression of
more than 95% Ig-bearing cells.

Materials and Methods

Mice
Inbred female BALB/c and C3H mice were purchased from the

Instituto Dr. A.H. Roffo. AlI animals were between 60 and 100 days
of age. Mice were housed in standard conditions of light (on from
7.00 a.m. to 7.00 p.m.) and temperature (22 ± 2°C). Food and water
were provided ad libitum. The animals were cared for in accordance
with the principies and guidelines ofthe Guide for the Care and Use
of Laboratory Animals, US National Research Council, 1996.

Cell Suspensions
Mice were killed by decapitation and spleens were removed and

disrupted through a l-rnm metal mesh, and the cell suspension was
filtered through a l O-urn nylon mesh. Non-lyrnphoid cells were
removed by centrifugation over Ficoll-Hypaque. After three washes
in RPMI-1640, the cells were resuspended in RPMI-1640 supple-
mented with 10% of batch-tested nonstimulatory fetal calf serum,
2 mM glutamine, 100 Ulml ofpenicillin and 100 ug/rnl of'streptorny-
cin (supplemented medium; Gibco CO). Cell viability was estimated
according to the trypan blue exclusion criteria [13] and was higher
than 90%.

B Cell Purification
Spleen cell suspension in a concentration of 107 cells/rnl was

treated with a monoclonal anti- Tby 1.2 (Sigma) plus pig complement

13-Adrenoceptor Expression on Activated
B Cells

T Cell Purification
T cell-enriched populations were obtained by passage of the cel!

suspensions through a nylon wool column following the method of
Julius et al. [14]. Briefly, 5 x 107 cel!s in 1 ml of phosphate-buffered
solution (PBS) with 5% of inactivated fetal calf serum were placed in
a 6-ml nylon-wool colurnn. After I h of incubation at 37 ° C, cells
were eluted by washing the column twice with 10 mi of supplemented
PBS. A purification of more than 97% was obtained as checked by
direct immunofluorescence using a monoclonal antibody to mouse
Thy 1.2 (Sigma).

Culture Conditions
2 x 106 BALB/c cells/ml were cultured in RPMI-supplemented

medium in T-25 culture tlask (Coming, N.Y.) at 37°C with 5% CO2
at 100% humidity for different times. Spleen cells were allostirnu-
lated with 4 x 105 C3H cells/ml. In order to obtain one-way stirnula-
tion, allogenic cells were treated with 25 ug of mitomycin Cal" 37 ° C
for 30 min in the absence of serum followed by three washes in a
20-fold excess of supplemented medium, according to the method of
Bach and Yoynow [15]. Control stimulation cultures were performed
using mitomycin C-treated BALB/c cells. Purified B cells were incu-
bated alone or in the presence of lipopolysaccharide (LPS; 20 ug/rnl),
phorbol myristate acetate (PMA; 10-9 M), or ionophore A23187
(2 x 10-6 M), or stimulated with C3H cells pretreated with mitomy-
cin C (2 x 10-5 M) as indicated before. Where indicated, more than
one stimulator were used or different enzymatic pathway blockers
involved in cellular activation were added, at the beginning of cul-
tures, at the concentrations indicated in the Results section.

Preparations ofT-Cell Supernatants
Purified T cells (2 x 106 cells/ml) were incubated with C3H (allo-

genic cells) or BALB/c cells (singenic cells) treated with mitomycin C
as indicated above. After incubation at 37°C in hurnidified air with
5% CO2 for 2 days, cell suspensions were centrifuged twice at 500 g
for 15 mino Fresh supematants were used to stimulate BALB/c cells.

Proliferation Assays
Proliferative assays were performed in 0.2-ml aliquots of macro-

cultures separated at the indicated times and pulsed for the last 18-
hour period of culture with I uCi of 3H-thymidine (Amersham,
15 Ci/mmol). The thymidine incorporation was measured by scintil-
lation counting after retention over GF/C glass fiber filters of the
acid-insoluble macromolecular fraction. The maximal proliferative
response for each condition was determined by testing the thymidine
incorporation on a daily basis. For cells stimulated with LPS, the
maximal proliferation was observed after 72 h of culture, whereas the
peak of response to allogenic stimulus was observed after 5-6 days of
culture. Results are expressed as stimulation index (SI) calculated as
the rate between dpm values in experimental cultures and dprn from
control values obtained with unstimulated cells.
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J251-Cyanopindolol Binding to 1ntaet Cells
Cells (4 x 106 cells/tube) were added to 12SI-cyanopindolol (Am-

ersham, 2,000 Ci/mmol) solutions containing the ligand at concen-
trations from 1 to 300 pM in a final volume of 200 ¡.tIof 20 mM
HEPES buffer pH 7.4 containing 12 mM MgCI2 and made isotonic
with NaCl. After 30 rnin incubation at 30°C, the reaction was
stopped by the addition of 12 mi of ice-cold PBS pH 7.4 and rapid
vacuum filtration on Whatman GF/C filters, The filters were washed
3 times with 4 mi ofbuffer and counted in a Packard gamma counter.
Total binding curves from the performed experiments were analyzed
using the computer prograrn LIGAND which fits parameters for
Bmax, Kd and nonspecific binding [16]. The nonspecific binding
parameters fitted by LIGAND from the total binding curve did not
differ from those determined using l ¡.¡MI-propranolol.

c-AMP Production in lntact Cells
107 cells were incubated in l mi RPMI-1640 with 3-isobutyl-l-

methyl xanthine (1 mM) at 37 ° C for 20 min and were incubated
alone (basal values) or in the presence of the ~-adrenoceptor agonist
isoproterenol (10-7 M) for 10 more minutes. At the end of the incu-
bation time, 2 mI of chilled ethanol were added. The cells were then
homogenized and centrifuged at 3,500 g at 4°C for 15 mino The
supernatants were collected and pellets were rehomogenized in 1 mi
of ethanol:water (2: 1) and centrifuged. Supematants were joined and
evaporated at 55 ° C under N2 stream. The cAMP contained in the
residue was dissolved in 0.3 mI of assay buffer (sodium acetate Tris-
HCl50 mM, pH 7.4, theophylline 8 mM, 2-mercaptoethanol6 mM,
EDTA I mM) and stored at -20°C until the assay was carried out.
Aliquots of 100 ul were taken for nuc\eotide determination using the
procedure described by Brown et al. [17].

Determination of Intracellular Ca2+ Concentration
Calcium concentration was measured by flow cytometry in B cells

loaded with indo-I1AM in a FACStar Plus flow cytometer (Becton
Dickinson) equipped with a 5-watt argon laser. Free indo-I was mea-
sured by BP 488/1"0, and índo-I/Ca> fluorescence was recorded by
BP 395/1 O, and a DM 425 was used to separate both fluorescences.
Autofluorescence was measured by BP 530/30green, 5 x 103 cells
per sample were obtained and analyzed in a C-30 Hewlett-Packard
computer.

Determination of Protein Kinase C Activity
107 B cells were incubated for different times alone or in the pres-

ence of2 x 106 mitomycin C-treated cells in a final volume of l mlof
supplemented medium or in the presence of 1,000 ¡.tIofT cell super-
natants. After incubation cells were immediately centrifuged (5,000 g
for 30 s) and the cell pellets chilled on liquid N2. The homogenization
was performed in 2 mi of an ice-cold medium containing 300 mM
sucrose, 10 mM ~-mercaptoethanol, 2 mM EGT A, 2 mM EDT A,
I mMPMSF, lO ug/ml leupeptin and 20 mMHEPES, pH 7.4 (buffer
A). After centrifugation at 100,000 g for 30 min, the supernatant (cy-
tosolic fraction) was removed and the pellet (membrane fraction)
carefully rinsed with 0.5 mi of buffer. To solubilize the particulate
enzyme, the pellet was resuspended in 2 mi of buffer A containing
0.1 % Nonidet P-40 and 2 rnJvJ EGTA and maintained Ior 30 min in
an ice-cold bath. Under these conditions, maximal recovery of mern-
brane-bound enzyme was obtained. Thereafter, the homogenate was
centrifuged and the supernatant collected. The supematants were fil-
tered through a DE52 column (3.5 x 0.5 cm) equilibrated with buff-
er A. After washing with buffer A, the enzyme was eluted in a buffer

.fJl _.

contaming 120 rnM NaCl, 10 rnM ~-mercaptoethanol, 0.5 rnM
EGT A and 10 rnM HEPES, pH 7.4 (buffer B).

Protein kinase C (PKC) actívity was assayed by measuring the
incorporation of 32p from lY_32P]-ATp'into the selective PKC sub-
strate peptide, MBP (4-14) (Gibco), according to the method ofYas-
uda et al. [18]. Incubations were conducted for 10 min at 30 ° C in a
final volume of 50 ul. In a final concentration, the assay mixture
contained 20 ¡.¡M ATP, 50 ¡.¡M Ac-MBP (4-14), I mM CaCI2,

20 mM MgCl2, 20 mM Tris pH 7.5 and 1 ¡.LCi[y-32P]-ATP. After
incubation, 25 ul of each tube were spotted onto phosphocellulose
discs. Discs were washed twice in 500 mi of water with 1% (v/v)
phosphoric acid and the radioactivity retained was determined by
counting the disc in 2 mi of scintillation fluido PKC activity was
determined after substracting the 32p incorporation in the presence
of the PKC pseudosubstrate inhibitor peptide PKC (19-36) (Gibco).
Data were expressed as picomoles of phosphate incorporated into the
substrate per minute and per 107 cells.

Drugs
The following drugs were used in culture at the final concentra-

tions indicated in the Results section. The protein kinase inhibitors
1-(5-isoquinolinesul fonyl)-2-methylpiperazine dihydrochloride (H-
7) and N-(2-guanidinoethyl)-5-isoquinoline sulfonamide hydrochlo-
ride (HA 1004) were obtained from Seikagaku Kogyo (Tokyo,
Japan). The protein kinase inhibitor H-7, ionophore A23187, cal-
cium blocker verapamil, LPS and PMA were purchased from Sig-
ma.

Statistical Analysis
After analysis of variance the Student-Newrnan-Keuls test was

appl ied to determ ine the level of significance.

Results

EjJect 01 in vitro Alloantigen Stimu/ation on B Cell
f3-Adrenoceptor Expression
In order to determine if the downregulation of p-adre-

noceptors observed on B cells consecutively of in vivo
alloimmunization could be obtained by in vitro allostimu-
lation of B cells, we prepared macrocultures of spleen cells
from BALB/c mice stimulated with mitomycin C-treated
allogenic cells from C3H mice. Then, saturation assays on
B cells purified from macroculture were performed. Fig-
ure 1 shows a representative binding study.

As it can be seen, the maximal binding capacity (Bmax)
decreased in allostimulated B cells. This phenomenon was
not due to culture conditions, as B cells cu1tures with
mitomycin C-treated BALB/c lymphocytes did not show a
reduction in the ~-adrenergic receptor number (fig 1). It is
worth noting that modifications in the Bmaxvalues were
observed on the 3rd day of culture, prior to the peak of
proliferation (day 5), and remained between these levels
at least until day 7. Furthermore, we found a significantly
lower response to isoproterenol-stimulated cAMP pro-
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Fig. 1. 125I-cyanopindolol ('25I_CYP) bind-
ing to B cel\-enriched populations. Stirnulat-
ed or unstirnulated spleen cells frorn BALB/c
rnice were kept in culture for 3 days. I2SI_
CYP binding was performed on intact puri-
fied B cells obtained from cultures as de-
scribed in the Materials and Methods sec-
tion. Scatchard plots are representative of 4
experirnents performed in duplicate. Mean
values of K, and Bmax± SD are shown in the
table below the figure together with cAMP
levels obtained from 107 cells incubated
aJone or with isoproterenol 10-7 NI for l O
min (n = 3 independent experirnents per-
forrned iI.1triplicate). * p < 0.01 vs. control
values (unstirnuJated B cells).

o

o

5 10 15 20
B(pM)

30 3525

Cell stimulant Binding of 1251_CYP AMP levels,
pmol/mg protein

basal stimulatedK,¡ ± SE
pM

Bmax± SE
sites/cell

None(.)
Syngenic cells (O)
Allogenic cells (•••.)

68±7
75 ± 9
58±6

949 ± 58
994± 63
536 ± 48*

duction in in vitro allostimulated B cells than on control
or on syngenic stimulated cells (fig. 1).

15±3148±15
16±2 154±16
11 ± 2 82 ± 9*

both situations, the observed reduction in Bmax values was
lower than that obtained on B cells purified from spleen
mixed Iymphocyte cultures. Given these facts, we pc
formed cultures of purified B cells in the presence of allo-
genic cells and supernatants from allostimulated T cells.
U nder these experimental conditions the Bmax values
were similar to those obtained on B cells purified from
spleen mixed Iymphocyte cultures (table 1). Moreover,
cAMP levels correlated to the changes observed in ~-adre-
noceptor expression (table 1). It is worth noting that we
did not observe a proliferation of purified B cells in any
case (data not shown).

Participation of Soluble Factors in the Down
Regulation o/ f3-Adrenoceptors
We evaluated whether the direct activation of B cells

by allogenic lymphocytes or the indirect action of soluble
factors derived from alloreactive T cells induced changes
in the sympathetic activity of B cells. When purified B
cells were cultured with mitomycin C-treated allogenic
cells a reduction in the number of ~-adrenergic receptors
was also obtained on day 3 of culture (table 1). In arder to
study the effect of T-cell-soluble factors, purified B cells
were resuspended in supernatants from macrocultures of
allostimulated T cells. In this experimental conditions we
observed that T cell supematants are capable of inducing
the downregulation of ~-adrenoceptor expression on puri-
fied B cells on days 2-3 of culture (table 1). However, in

PKC and Calcium Participation in the
Downregulation o/ f3-Receptors
We determined the involvement of early signals trig-

gered after B cell activation, i.e. calcium mobilization and
PKC activation in this phenomenon. As shown in fig-

~-Adrenoceptor Expression on Activated
BCells

Neuroimmunomodulation 2000;8:114-121 117



~...

f

Table 1. 0-Adrenoceptor expression on B cells: efTect of supematants
from allostimulated cultures

Cell stimulant Binding of 1251-CYP

~ Bmax
pM sites/cell

cAMP levels, Treatment-
pmol/mg protein

basal . stimulated

None 62±5 938±57 14±4 153± 13
SS 59±4 965 ±75 16±3 143± 11
AS 64±7 724±46* 12±4 109± 11*
C3H cells 58±4 663±64* I1 ±4 99± 11*
BALB/ccells 68±7 950±71 16±4 157± 17
C3H cells plus SS 53±6 693±45* 12±3 102± 10*
C3H cells plus AS 61 ±5 493±55** 9±3 77±8**

B cell-enriched populations purified from BALB/c mice were
stimulated with T cell supematants and/or with cells obtained as
indicated in the Materials and Methods section and kept in culture
for 3 days. 1251-cyanopindolol (1251_CYP)binding studies and cAMP
level determination were performed on cells as indicated in figure l.
Data represent the mea n value ± SD of three experiments per-
formed in duplicate.
* p < 0.05; ** p < 0.0 I vs. basal values. SS = Syngenic supema-

tants; AS = allogenic supematants.

ure 2a when fura 2-loaded BALB/c B cells were incubated
with mitomycin C-treated C3H lymphocytes a change in
the cytosolic Ca2+ was observed. A similar response in cal-
cium mobilization was also obtained after incubating the
cells with supematants from allostimulated T cells. Con-
ceming PKC involvement, it was observed that stimula-
tion ofBALB/c B cells with allogenic cells induced a rapid
and transient PKC translocation frorn cytosolic to mem-
brane fraction (fig. 2b). Similar results were obtained after
treatment of B cells with supematants fram allostimu-
lated T cells (fig.2b). Control experiments were per-
formed with mitomycin C-treated BALB/c cells and su-
pematants from syngenic culture observing no effect in
both calcium mobilization or PKC activation (fig. 2a, b).

In order to evaluate the participation of calcium mobi-
lization and PKC activation in the downregulation of ~-
receptors inhibitors and activators ofboth pathways were
used. We found that H-7 (PK inhibitor) and staurasporine
10-9 M (PKC inhibitor) [19] impaired the decrease of ~-
adrenoceptor sites obtained on purified B cells (table 2).
In contrast, HA-I004, in a concentration that does not
affect PKC activity (less than 20 ¡.¡.M) but inhibits cyclic
nucleotide PK [20], did not show any effect (table 2). It is
worth noting that inhibitor treatment alone in the absence
of allostimulation did not modify the number of ~-recep-
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Table 2. Participation of PKC and calcium mobilization in 0-adre-
noceptor express ion

125I_CYPbinding"

K,¡ Bmax
pM sites/cell

56±6 915±48
53±5 499±39*
60±9 914±51

59±7 968±58

62±6 548±49*
62±5 1,052 ±73
65±7 900±63

68±5 905±51
59±4 516±56*
65±7 826±69

None
Allostimulated
Allostimulated + H-7 (5 ¡.¡M)
Allostimulated + staurosporine
(1 nÑ/)

Allostimulated + HA-I004
(5 ¡.¡M)

PMA(2 nM)
A23187 (2 ¡.¡M)
Allostimulated + verapamil

(10-5 M)
A23187 (2 ¡.tM) + PMA (2 nAO
LPS (20 ug/ml)

1.1 ±0.3
1.2±0.2

1.1 ±0.1

1.4±0.2
l.3±0.2
1.1±0.3

l.5±0.3
3.3±0.5
66±8*

Values represent mean ± SD. * p < 0.01 vs. basal values. 1251_
CYP = 1251-cyanopindolol. SI = stimulation index.
a B cell-enriched populations were cultured for 3 days according to
the indicated treatment. Allostimulated refers to cells stimulated
with mitomycin C-treated allogenic cells plus supematants from
allostimulated T cells. Similar effects were observed when B cells
were stimulated with allogenic cells or with the supernatants alone.
b Bmaxand Kd values were calculated as indicated in figure I and
are from three independent experiments performed in duplicate.
e SI was calculated from the peak of proliferation.

tors (data not shown). On the other hand, treatment of B
cells with the PKC activator, PMA, did not induce a
reduction on ~-adrenergic receptor expression, and even a
sligth increase in these receptor sites was found on the 3rd
day of culture (table 2). In order to study calcium partici-
pation B cells were treated with the calcium ionophore
A23187. As shown in table 2, on day 3 we did not find a
reduction in ~-adrenergic sites. However, treatment of B
cells with the calcium blocker verapamil abragated the
effect on the ~-adrenoceptor number. It is important to
note that the lack of efTect of PMA or calcium ionophore
alone was not due to a kinetic difference in the induction
of receptor downregulation, as similar results were ob-
tained on cells cultured at different times (data not
shown). Finally, when B cells were treated with both cal-
cium ionophore and PMA, a significant reduction of the
~-adrenoceptor number was observed (table 2). More-
over, stimulation ofB cells with LPS, mitogen that direct-
ly activate PKC without inducing calcium mobilization

Genaro/Cremaschi/Gorelik/Sterin-Bordal
Borda
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PKC activity was measured using MBP [4-

O O
14] as substrate as indicated in the Materials Basal AS SS O 5 10 15 20
and Methods section. Results are the mean lime (mini
± SD of three experiments perforrned in
duplicate. * p < 0.05 vs. basal values.

[21, 22], did not induce ~-adrenoceptor downregulation
on the 3rd day of culture (table 2) or at different tested
culture times (data not shown). It is important to note that
we did not observe any correlation between cell prolifera-
tion (see SI) and Bmax values (table 2) .

Discussion

We have previously shown that in vivo alloimrnuniza-
tion induced changes in ~-adrenoceptor expression and
cAMP levels on B lymphocytes. In addition, the antibody
synthesis induced by allogenic stimulus was inversely pro-
portional to the number of ~-adrenoceptor sites on B cells
[9]. Accordingly, Fuchs et al. [11] reported a downregula-
tion of ~-receptors after a challenge with sheep red blood
cells and they suggested that this effect is secondary to an
increased sympathetic outflow that occurs during the
imrnune response [8].

The aim ofthe present work was to investigate whether
this phenomenon is necessary under the control of the
symphathetic system depending on the catecholamine

~-Adrenoceptor Expression on Activated
BCells

I

levels or whether it could also be a direct consequence of
the immune cell activation by antigen stimulation.

According to our results, the downregulation of ~-adre-
noceptor related to the lower cAMP levels occurs as a
direct consequence of antigen-responding cell activation.
A significant decrease in ~-receptor sites in B cells, puri-
fied from in vitro allostimulated spleen cells, was ob-
served. Changes in the expression of various pharmaco-
logical receptors, including ~-receptors, induced by mito-
gen and antigenic stimulation in vitro have been reported
[12, 23-25]. It has been proposed that hormone and neu-
rotransmitter receptor variation could be a regulatory
mechanism for cellular activity [8, 9]. Thus, it was dem-
onstrated that antibody formation from stimulated B cells
is inversely related to ~-adrenoceptor expression [9]. It is
reasonable to think that antigen recognition by immune
cells would be a more specific mechanism involved in ~-
adrenergic site downregulation than the release of cate-
cholamines. These effects could be a consequence of the
direct activation of B cells by antigen recognition and/or
secondary to the action of Iymphokines released by other
activated cells. As alloreactive T cells playa key role in the

Neuroimmunomodulation 2000;8: 114-121 119



alloimmune response [26], we analyzed the participation
of soluble factors derived from allostimulated T cells on B
cell downregulation of B-adrenoceptors. According to our
results a decrease in B-adrenoceptor expression was ob-
tained on purified naive B cells directly stimulated with
alloantigen or exposed to the action ofT cell-derived solu-
ble factors, althought both effects were quantitatively low-
er than the downregulation observed on B cell purified
from mixed splenocyte cultures. However, when purified
B cells were allostimulated in the presence of T cell solu-
ble factors, a downregulation was observed, resembling
the one obtained by performing mixed lymphocyte cul-
tures.

In previous reports we demonstrated that the stimula-
tion of naive B cells from BALB/c mice with allogenic
Iymphocytes from C57BL/6 mice induces the activation
of the phosphatidylinositol-specific phospholipase C that
in tum pro motes an increase in calcium mobilization and
a rapid and transient activation of PKC, but fails to
induce proliferation [27]. In the present study, we confirrn
that B cells from BALB/c activated with allogenic cells
from C3H mice exhibited an early Ca2+ increase as well as
translocation of PKC. According to this observation,
supematants from allostimulated T cells were able to
induce calcium mobilization and PKC activation. Some
T cell-derived soluble factors such as interleukins IL-2,
IL-4, IL-5 and IL-6 have a number ofbiological effects on
B celllineage and the existence of an intricate interplay of
agonistic and antagonistic cytokine effects that modulate
B cell responses was demonstrated [28]. Besides, both
PKC activation and calcium mobilization were reported
to be involved in the signal transduction mechanisms trig-
gered by some interleukins [28-30]. Given these findings,
we studied whether these intracellular events were in-
volved in the downregulation of B-adrenoceptors. The
results obtained in the presence of PK inhibitors indicate
that PKC, but not protein kinase A, participate in this
phenomenon. However, treatment of B cells with the
PKC activator PMA had no effect in the expression of
B-adrenergic sites. In order to study the participation of
calcium mobilization, B cells were incubated with the cal-
cium ionophore A23187 but it did not have any effect.
However, the calcium blocker verapamil abrogated the
effects induced by allogenic cells. Moreover, when B cells
were incubated with both A23187 and PMA, a significant
reduction in B-adrenoceptor sites was achieved. Further-
more, the incubation of B cells with the mitogen LPS,
which induces PKC translocation but not calcium mobili-
zation, did not induce downregulation of B-receptors.
Considering our results, it is reasonable to conclude that

120 Neuroirnrnunornodulation 2000;8: 114-121

both early signals, calcium mobilization and PKC activa-
tion, elicited in B cells after direct allogenic stimulation
and/or by the action of soluble factors derived from T
alloreactive cells, are necessary in order to induce a reduc-
tion in B-adrenoceptor sites. It is probable that a specific
PKC calcium-dependent subtype may be involved in the
downregulation. It has been demonstrated that activated
mouse lymphocytes can synthesize catecholamines with a
capacity for regulating lymphocyte function [31]. This
system may be activated in allocultures and accounts for
the downregulation of f-receptors. However, according to
the results obtained using protein kinase activity inhibi-
tors, this possibility would not be involved in the phe-
nomenon. Thus, inhibition of PKA did not modify the
alloantigen-induced downregulation and the inhibition of
PKC activation impaired this effect.

The downregulation observed after allostimulation
was not correlated to proliferation of B cells, at least for
naive B cells. It is possible that these findings represent a
regulatory mechanism that is necessary to elicit an effi-
cient secondary response. In fact, it was demonstrated
that al!ostimulation promotes changes on B cells leading
to cell proliferation [27]. Moreover, it was reported that
downregulation of'B-receptors in B cells is associated with
a significant increase in alloantibody forrnation [9]. It is
possible to postulate that the genetic signals induced by
the biochemical cascade of intracellular messengers trig-
gered after alloantigen recognition by B cel!s would be
involved in downregulation of B-adrenoceptors as a mech-
anism to prepare the cell for an optimal B cell activity. In
fact evidence of B-adrenoceptor downregulation as a
change in the synthesis of receptors at the gene level was
demonstrated in thymocytes after an immunogenic chal-
lenge [32]. Furtherrnore, the marked decrease in the B-
adrenoceptor number and their mRNA levels found early
after immunization were related to the regulation of
immune reactivity in response to an antigenic signal [32].
Finally, the present report could be of interest to under-
stand the neuroendocrine mechanisms involved in the
regulation ofB cel! activation.
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