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The regulatory mechanism leading to desensitization of cellular 
response has been widely investigated in the case of several non-
immune membrane receptors (e.g., for growth factors, hormones, 
or neurotransmitters). However, knowledge of this process in the 
case of response to the multichain immunorecognition receptors, 
notably the type I receptor for immunoglobulin E, is rather lim-
ited. We first investigated whether the FcεRI-mediated secretory 
responses of mast cells can be subjected to the desensitization 
protocol already found to be effective for non-immune recep-
tors (i.e., by excessive, prolonged or repetitive exposure to the 
stimulus), under physiological conditions (i.e., in the presence of 
extracellular source of calcium). The rat mucosal-type mast cells 
of the RBL-2H3 line that enable a rigorous examination of the 
response to the FcεRI stimulus were previously found to undergo 
such a process when subjected to prolonged FcεRI-IgE clustering 
by specific antigen (DNP11-BSA) or by the IgE-specific monoclonal 
antibody 95.3 at concentrations close to the threshold of inducing 
secretion. The induced desensitization was then resolved in a 
reduced secretory response upon optimal FcεRI-IgE clustering. The 
extent of the observed desensitization was further found to depend 
on the concentrations of cell-bound IgE and of the clustering 
agents, as well as on the length of the desensitization period. 

The question whether the prolonged FcεRI-IgE sub-threshold 
clustering by antigen would also desensitize the secretion of de 
novo synthesized mediators (i.e., arachidonic acid-derived products 
and cytokines) has now been addressed and was found to ef-
fectively suppress the secretion of newly synthesized leukotrienes 
and cytokines (as monitored by secretion of leukotriene B4 or 
tumor necrosis factor alpha and interleukin-4 respectively). 
Moreover, our findings also indicate that the de novo synthesis 
of late-phase mediators is regulated by desensitization at the 
pretranslational level. 

Prolonged sub-threshold FcεRI-IgE clustering by antigen or by an 
IgE-specific monoclonal antibody causes desensitization of the 
secretion of de novo synthesized leukotrienes by RBL-2H3 cells
The conditions of desensitization of FcεRI-induced cellular 
response under defined physiological conditions (i.e., in the pres-
ence of an extracellular source of calcium) were investigated in 
the rat mucosal-type mast cells of the RBL-2H3. FcεRI-IgE cluster-

FcεRI = type 1 receptor for immunoglobulin E
Ig = immunoglobulin 
LTB4 = leokotriene B4

ing on these cells induces the de novo synthesis and secretion of 
several arachidonic acid-derived products (i.e., leukotrienes and 
prostaglandins) [1]. We first identified the conditions leading to 
desensitization of these newly synthesized mediators’ secretory 
response to the FcεRI stimulus, as monitored by the secreted  
LTB4. Control cells were kept for equal periods of time without 
antigen. Desensitized (l) and non-desensitized (¢) cells were 
next optimally stimulated for 30 minutes with 10 ng/ml antigen. 
The decrease in secretion due to desensitization (right scale, ¨) 
was calculated by subtracting the desensitized response from the 
non-desensitized one and expressed as a percentage of maximal 
response. The value of cells’ basal LTB4 secretory response is (◊). 
Points represent average secretion of triplicates ± SD. Data are 
taken from one experiment out of two.

To this end, the threshold antigen concentration, defined as 
the lowest concentration of the clustering agent yielding minimal, 
yet significant, secretion of LTB4, was first determined. Then, 
cells were subjected to prolonged incubation (12 hours) with 
sub-threshold concentrations of the FcεRI clustering agent, i.e., 
the antigen DNP11-BSA. The threshold and optimal concentra-
tions of the antigen at both IgE concentrations (0.5 and 5 nM) 
were also determined by measuring the dose dependence of the 
cells’ LTB4 secretion. 

As previously found for the immediate secretory response, i.e., 
the degranulation [2], a clear inverse relation was established 
between the IgE concentration and the extent of desensitization, 
i.e., the lower the IgE concentration, the larger the desensiti-
zation effect. Thus, cells reacted with 0.5 nM IgE exhibited an 
up to 94% decrease of the LTB4 secretion [Figure 1A], while 
cells incubated with 5 nM IgE exhibited a 80% decrease of the 
secretory response [Figure 1B]. Still, as observed in the case of 
degranulation, the sub-threshold antigen concentration (1.5 ng/ml) 
used for inducing desensitization was found to cause the largest 
decrease of LTB4 secretion, regardless of the IgE concentration 
used [Figure 1]. These results established that the protocol we 
identified as causing desensitization of the immediate secretory 
response also effectively desensitizes secretion of the examined 
de novo synthesized leukotrienes.

Prolonged sub-threshold FcεRI-IgE clustering also causes 
desensitization of another late-phase cellular response: the 
secretion of de novo synthesized cytokines
We further investigated the feasibility of desensitizing, by the 
same protocol, the secretion of de novo synthesized cytokines by 
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monitoring IL-4 and TNFα secretion [2]. It is noteworthy that 
in this case we observed that both the threshold and optimal 
concentrations of antigen were found to be three to sixfold lower 
than those previously required for inducing desensitization of 
degranulation or leukotriene secretion respectively. Evidence that 
untreated RBL-2H3 cells already store limited amounts of TNFα 
was provided by an earlier report [3]. Hence, in order to ascertain 
that changes in secretion of the newly synthesized mediator were 
monitored, desensitization and stimulation phases were always 
carried out for a period of least 4 hours. 

The desensitization protocol and its results have been pre-
sented previously [2]. Briefly, RBL-2H3 cells were preloaded (1 
hour) with IgE (0.05 or 0.5 nM) and then subjected to prolonged 
sub-threshold clustering (14 hours) with the relevant antigen 
concentrations (0.045–1.5 ng/ml). The desensitized cells and their 
non-treated control were then stimulated for an equal period of 
time with the appropriate optimal antigen concentrations. The 
dependence on the IgE and antigen concentrations of the extent 
of desensitization was determined. As found for the desensitiza-
tion of the immediate response (degranulation) and that of LTB4 
secretion, that of TNFα secretion depended on concentrations of 
both IgE and of the desensitizing antigen. Thus, cells treated with 
0.05 nM IgE exhibited up to 90% of desensitization, while those 
treated with 0.5 nM IgE exhibited a noticeably smaller decrease 
in secretion (~53%). The desensitization of the TNFα secretion 
was found to develop in a time-dependent manner: At low IgE 

TNFα = tumor necrosis factor alpha

(0.05 nM) a decrease of 70% of the secretory response was ob-
served after 8 hours and 90% following 14 hours of sub-threshold 
treatment. In cells reacted with 0.5 nM, the time dependence of 
the process was noted only when treatment was carried out with 
lower sub-threshold level antigen concentrations (i.e., 0.75 ng/ml 
or less), reaching the maximal desensitization (40%) after 14 
hours. Moreover, desensitization of secretion of the other cytokine 
(IL-4) was also found to develop under analogous conditions and 
to reach the same magnitude as observed for TNFα. 

Taken together, these results confirm the effectiveness of the 
physiological protocol of sub-threshold FcεRI-IgE clustering by 
antigen for desensitization of secretion of de novo synthesized 
mediators in the RBL-2H3 cells. It should be stressed that the 
extent of desensitization was found to crucially depend on the 
concentrations of the IgE and of the FcεRI aggregating agent 
and optimally develops at low levels of the FcεRI clustering. 
Furthermore, these findings suggest that the extent of the FcεRI-
IgE clustering might function as a common regulatory mechanism 
under non-pathological conditions (i.e., at low levels of specific 
IgE molecules). However, the consistently observed inverse rela-
tion between the IgE concentration and extent of desensitization 
restricts the conditions of optimal desensitization to very low 
concentrations of the receptor-bound IgE. 

We also identified a protocol that successfully desensitizes 
a late-phase secretory response (i.e., TNFα secretion) from cells 
incubated with high IgE concentrations (5 or 50 nM). Briefly, 
cells reacted with high concentrations of IgE (5 or 50 nM) were 
incubated for 4 hours with an antigen concentration previously 
determined to be sub-threshold and which desensitized the secre-
tion of this cytokine. At the end of this short period, the cells 
were washed and re-incubated for an additional 4 hours with the 
same sub-threshold antigen concentration. These desensitized 
cells and their control (maintained in antigen-free medium for 
equal periods of time) were then subjected to a final 4 hour 
stimulation with a range of antigen concentrations. This protocol 
was found to cause a decrease of up to 90% of the TNFα secretion 
at both IgE concentrations used. Hence, the late-phase response 
of secretion of the de novo synthesized mediators can be effectively 
desensitized also at high concentrations of IgE by exposing the 
cells to repetitive sub-threshold clustering by antigen.

These findings strongly suggest that the limited extent of 
the FcεRI-IgE clustering could be relevant in terms of a general 
regulatory intracellular mechanism induced by the desensitization 
process.

Prolonged sub-threshold FcεRI-IgE clustering inhibits the 
production of mRNA of late-phase cytokines
In an effort to identify the molecular mechanisms of desensi-
tization we investigated whether the transcription of cytokine 
genes was affected by the desensitization protocol used. To this 
end, the RBL-2H3 cells were desensitized (see legend of Figure 
2), their total mRNA was isolated, and the expression levels of 
specific mRNAs for several cytokines was then determined. As 
shown, antigen-mediated optimal stimulation generally induced 
robust transcription of the investigated genes. In turn, treating 

Figure 1. Prolonged sub-threshold FcεRI-IgE clustering 
by antigen causes desensitization of leukotriene B4 
secretion. Adherent RBL-2H3 cells (1 x 105 cells/100 
µl/well) were reacted for 2 hours with 0.5 nM [A] or 5 
nM [B] of IgE. Cells were then incubated for 12 hours 
with a sub-threshold range of antigen content followed 
by optimal stimulation.
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the cells with the sub-threshold antigen concentration (0.75 
ng/ml) for 1–12 hours did not generate detectable amounts of 
their specific mRNA [Figure.2]. However, when the cells were 
subjected to desensitization followed by optimal stimulation, 
a significant decrease in the amounts of all investigated tran-
scripts was lower than the basal level observed in untreated 
cells (i.e., not treated with antigen). These results indicate that 
de novo synthesis of late-phase mediators is regulated by the 
desensitization at the pretranslational level, either by reducing 
the activity and/or expression of the transcription factors (AP-1, 

NFAT) or by processing the primary transcript of the encoding 
gene(s). 

The considerable efficacy of this inhibition suggests that the 
control process operates upstream of the gene transcription, i.e., 
it affects the performance of the transcription factors. Several 
reports [4-6] propose that transcription of cytokine genes in mast 
cells is induced by distinct transcription factors (e.g., the produc-
tion of IL-13 is under control of NFAT, while TNFα is regulated 
by AP-1). These findings, together with the present ones, suggest 
that discrete transcription factors may similarly be regulated by 
the desensitization, most likely by interference with specific ele-
ments of the FcεRI coupling network.

References
1. Galli SJ. Mast cells and basophils [Review]. Curr Opin Hematol 

2000;7:32–9. 
2. Barbu AE, Pecht I. Desensitization of mast cells’ secre-

tory response to an immuno-receptor stimulus. Immunol Lett 
2005;100:78–87.

3. Young JD, Liu CC, Butler G, Cohn ZA, Galli SJ. Identification, pu-
rification, and characterization of a mast cell-associated cytolytic 
factor related to tumor necrosis factor. Proc Natl Acad Sci USA 
1987;84:9175–9.

4. Monticelli S, Solymar DC, Rao, A. Role of NFAT proteins in IL13 
gene transcription in mast cells. J Biol Chem 2004;279:36210–18.

5. Lee YN, Tuckerman J, Nechushtan H, Schutz G, Razin E, Angel P. 
c-Fos as a regulator of degranulation and cytokine production in 
FcepsilonRI-activated mast cells. J Immunol 2004;173:2571–7.

6. Novotny V, Priesch EE, Csonga R, Fabiani G, Baumruker T. Nrf1 
in a complex with fosB, c-jun, junD and ATF2 forms the AP1 
component at the TNF alpha promoter in stimulated mast cells. 
Nucleic Acids Res 1998;26:5480–5.

Correspondence: Dr. I. Pecht, Dept. of Immunology, Weizmann In-
stitute of Science, Rehovot 76100, Israel.
email: israel.pecht@weizman.ac.il

Figure 2. FcεRI-IgE clustering by sub-threshold concentrations of 
antigen markedly reduces the amount of the expressed cytokines’ 
mRNA. Adherent RBL-2H3 cells grown in Petri dishes (1 x 107 cells/
plate) were treated for 2 hours with 0.05 nM IgE and then incubated 
for the shown time periods with 0.75 ng/ml antigen. The control cells 
were maintained without antigen for equal time periods. Desensitized 
cells and their control were then stimulated for 3 hours with 30 ng/
ml of antigen. At the end of the treatment all the cells were lysed 
and their total mRNA was isolated using a RNeasy kit (Qiagen, CA, 
USA). Its c-DNA was obtained by using a Reverse iT 1st Strand 
Synthesis kit (ABgene, UK), further amplified in a polymerase chain 
reaction with the appropriate primers for IL-3, IL-4, IL-13, TNFα and 
β-actin, resolved on 1% agarose gel and visualized under ultraviolet 
light. Data are derived from one out of four independent experiments. 

de Groot et al. tried to examine the effectiveness of a fam-
ily-based grief counseling program to prevent complicated 
grief among first-degree relatives and spouses of someone 
who had committed suicide, by a randomized controlled 
trial with follow-up at 13 months after the suicide. The 
participants were 122 first-degree relatives and spouses 
of 70 people who committed suicide; 39 families (68 par-
ticipants) were allocated to intervention, 31 families (54 
participants) to control. The intervention was a family-based, 
cognitive behavior counseling program of four sessions 
with a trained psychiatric nurse counselor between 3 and 
6 months after the suicide. Control participants received 
usual care. The intervention was not associated with a 

reduction in complicated grief (mean difference 0.61, 95% 
confidence interval 6.05–4.83; P = 0.82). When adjusted for 
baseline inequalities, the intervention reduced the risk of 
perceptions of being to blame (0.18, 0.05–0.67; P = 0.01) and 
maladaptive grief reactions (0.39, 0.15–1.01; P = 0.06). The 
authors conclude that a cognitive behavior grief counseling 
program for families bereaved by suicide did not reduce the 
risk of complicated grief or suicidal ideation or the level of 
depression. The program may help to prevent maladaptive 
grief reactions and perceptions of blame among first-degree 
relatives and spouses.

Br Med J 2007;334:994
Eitan Israeli

Capsu le

Bereaved by suicide

Allergy and Clinical Immunology


