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Abstract
There is an increasing appreciation for the importance 
of inflammation as a pathophysiologic entity that con-
tributes to functional gastrointestinal disorders includ-
ing functional dyspepsia (FD). Importantly, inflamma-
tion may serve as a mediator between psychologic 
and physiologic functions. This manuscript reviews the 
literature implicating two inflammatory cell types, mast 
cells and eosinophils, in the generation of dyspeptic 
symptoms and explores their potential as targets for 
the treatment of FD. There are a number of inciting 
events which may initiate an inflammatory response, 
and the subsequent recruitment and activation of mast 
cells and eosinophils. These include internal triggers 
such as stress and anxiety, as well as external triggers 
such as microbes and allergens. Previous studies sug-
gest that there may be efficacy in utilizing medications 
directed at mast cells and eosinophils. Evidence exists 
to suggest that combining “anti-inflammatory” medica-
tions with other treatments targeting stress can im-

prove the rate of symptom resolution in pediatric FD.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Current evidence implicates gastric mast cells 
and duodenal eosinophils in the pathophysiology of func-
tional dyspepsia and as mediators between psychologic 
and physiologic factors. Increased antral mast cell den-
sity is associated with anxiety, electromechanical dys-
function, and the postprandial distress syndrome (PDS) 
subtype of functional dyspepsia. Likewise, increased du-
odenal eosinophil density is associated with anxiety and 
the PDS subtype, however, effects on electromechanical 
function are more indirect. More importantly, mast cells 
and eosinophils appear to be therapeutic targets offering 
newer options for treating functional dyspepsia.
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INTRODUCTION
A majority of  children with chronic abdominal pain 
presenting to pediatric gastroenterology practices fulfill 
criteria for a functional gastrointestinal disorder (FGID), 
with the two most common being functional dyspepsia 
(FD) and irritable bowel syndrome (IBS)[1-4]. Prevalence 
estimates for FD are 3.5%-27.0% in children/adolescents 
and 20%-30% in adults, highlighting the pervasive nature 
of  this disorder[5,6]. FD is defined as persistent or recur-
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rent pain or discomfort centered in the upper abdomen 
(above the umbilicus) that is unrelated to a change in 
stool frequency or form and not exclusively relieved by 
defecation. A diagnosis of  FD is accompanied by the lack 
of  evidence for an inflammatory, anatomic, metabolic, or 
neoplastic process that explains the patient’s symptoms; 
however, mild, chronic inflammatory changes on mucosal 
biopsies do not preclude the diagnosis[5,6]. 

In adults, there are two recognized FD subtypes based 
on studies utilizing factor analysis, postprandial distress 
syndrome (PDS) and epigastric pain syndrome (EPS). 
PDS is defined as bothersome postprandial fullness oc-
curring after ordinary sized meals and/or early satiation 
that prevents finishing a regular meal. EPS is defined as 
intermittent pain or burning of  at least moderate severity 
localized to the epigastrium. The Rome pediatric sub-
committee did not adopt the adult subtypes because of  a 
lack data to support their existence in children and ado-
lescents. However, there is now some data to suggest that 
these adult subtypes may have meaningful associations 
with mucosal inflammation and psychosocial functioning 
in children with FD[7]. For example, pediatric dyspepsia is 
associated with lower quality of  life, increased functional 
disability, and increased likelihood of  meeting criteria 
for an anxiety disorder, however, the association with 
anxiety appears to predominate in patients experiencing 
symptoms consistent with PDS[7,8]. A similar relationship 
between PDS and anxiety has been described in adults[9]. 

FGIDs, including FD, are probably best understood 
through a biopsychosocial model. This model suggests 
that interactions between biological/physiological factors 
(e.g., inflammation, mechanical disturbances, hypersen-
sitivity), psychological factors (e.g., anxiety, depression, 
somatization), and social factors (e.g., interactions with 

parents, teachers, or peers) collectively contribute to the 
symptoms of  FD (Figure 1). The biological factors most 
often implicated in FD include motility disturbances, such 
as delayed gastric emptying, gastric electrical disturbances, 
and impaired accommodation, and visceral hypersensitiv-
ity to distension, acid, and/or lipids[10-12]. Delayed gastric 
emptying and gastric electrical disturbances have been 
demonstrated in a substantial proportion of  children with 
FD[13,14]. Similarly, water load volume, as an indicator of  
visceral sensitivity, differs between children with FD and 
healthy controls[15,16]. Consequently, electromechanical dis-
turbances and visceral hypersensitivity represent frequent 
targets for therapeutic intervention in FD.

Recently, there is an increasing appreciation for the 
importance of  inflammation as a pathophysiologic entity 
that contributes to FGIDs including FD. Importantly, 
inflammation may serve as a mediator between psycho-
logic and physiologic functions. This manuscript reviews 
the literature implicating two inflammatory cell types, 
mast cells and eosinophils, in the generation of  dyspeptic 
symptoms and explores their potential as targets for the 
treatment of  FD.

MAST CELLS
In the context of  FGIDs, mast cells have been studied 
primarily in adults with IBS where their numbers are 
generally elevated in the ileum and colon[17,18]. In addition, 
adult IBS has been associated with an increase in the 
density of  degranulating mast cells and mast cells in close 
proximity to nerves which correlate with abdominal pain 
severity and frequency[19]. Increased mucosal mast cell 
density has also been demonstrated in the gastric corpus 
and antrum of  adults with FD[20,21]. Increased mast cell 
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Figure 1  Overview of symptom contributors and points of intervention. A: Overview of symptom contributors in the biopsychosocial model of abdominal pain; B: 
Overview of the points of intervention in treatments targeting mast cells and eosinophils in functional dyspepsia.
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density is generally isolated to the stomach of  adults with 
FD, while increased mast cell density in the duodenum is 
generally associated with IBS[21,22]. 

Due to a lack of  normal control data, it is unclear 
whether gastric mast cells are elevated in pediatric FD, 
however, antral mast cells do appear to be actively de-
granulating in children with FD. The mean reported de-
granulation index is 67% with more than 80% of  patients 
demonstrating degranulation indices of  greater than 
50%[23]. Mast cells in the proximal stomach have been 
shown to degranulate with balloon distension of  this 
region, demonstrating possible hypersensitivity in adults 
with FD[24]. Although equivalent data are not available 
for children, mast cell density is positively correlated with 
slower gastric emptying and pre-prandial dysrhythmia in 
children with FD[23]. Of  note, the presence of  pre-pran-
dial dysrhythmia appears to be associated with increased 
post-prandial pain[13]. 

EOSINOPHILS
Ethical considerations preclude tissue sampling for evalu-
ation of  eosinophil density in otherwise healthy children. 
Existing pediatric data provide suggestive evidence of  
eosinophil densities that may be abnormal in the absence 
of  established “norms”. In a pediatric autopsy study (for 
which presence of  gastrointestinal symptoms could not 
be evaluated), eosinophil density was < 10/hpf  in the an-
trum and ≤ 20/hpf  in the duodenum in 100% and 82% 
of  samples evaluated, respectively[25]. Review of  biopsies 
from 682 presumably symptomatic children referred for 
endoscopy found eosinophil density was ≤ 10/hpf  in 
the antrum and ≤ 20/hpf  in the duodenum of  90% and 
93% of  children, respectively[26]. Maximum eosinophil 
density was 8/hpf  in the antrum and 26/hpf  in the duo-
denum. Thus, eosinophil density cut points of  10/hpf  in 
the antrum and 20/hpf  in the duodenum seem reason-
able, but may need to be considered in tandem with mea-
sures of  activation. 

Eosinophil biologic activity results from mediator 
release with most mediators active in a concentration-
dependent fashion. Thus, eosinophil effects are not just 
dependent on cell density, but on the extent of  degranu-
lation. However, these events may not be tightly cor-
related[27]. In a previous study involving 20 children with 
a diagnosis of  FD, an eosinophil density > 20/hpf  was 
present in only 15%, but moderate to extensive degranu-
lation was demonstrated by electron microscopy in 95% 
of  those evaluated[28]. 

Location of  eosinophils also may be important to 
consider. Dyspeptic adults have demonstrated increased 
eosinophil density in the duodenum as compared with 
controls; however, the quantity of  antral eosinophils did 
not differ between groups[29,30]. Duodenal biopsies from 
adult dyspeptics also revealed more extensive degranu-
lation, with enhanced extracellular major basic protein 
(MBP)[30]. This is consistent with observations of  degran-
ulation and MBP release in pediatric patients with FD[28]. 

In adults, an increased eosinophil density and a higher 
prevalence of  duodenal eosinophilia has been specifically 
associated with the PDS subtype of  FD[30]. Eosinophilia 
within the upper gastrointestinal tract has been evaluated 
in children with unspecified (by Rome criteria) abdomi-
nal pain, as well as children with FD, providing some 
pediatric information regarding the association between 
eosinophil location and patient symptoms. In a study of  
1191 children with unspecified chronic abdominal pain, 
eosinophilia was identified in the antrum or duodenum 
in 11.4%[31]. Another study found gastric eosinophilia in 
19% and duodenal eosinophilia in 32% of  children with 
unspecified chronic abdominal pain[32]. In contrast, in 
children specifically fulfilling FD criteria, duodenal eosin-
ophilia has been demonstrated in 79% of  patients, which 
closely mirrors adult findings[33]. 

INTERACTIONS BETWEEN MAST CELLS 
AND EOSINOPHILS
Mast cells and eosinophils exert their biologic functions 
almost exclusively by the release of  mediators after acti-
vation. The effects of  specific mediators depend, to some 
extent, on the local biochemical milieu of  the involved 
tissue[34]. As a consequence of  this paracrine activity, mast 
cells and eosinophils interact highly with each other. In 
addition, mast cells and eosinophils demonstrate self-
sustaining autocrine activity. For example, both eosino-
phils and mast cells produce interleukin (IL)-5 which aug-
ments mast cell cytokine production and is critical for the 
growth, chemotaxis, and activation of  eosinophils[35,36]. 
Mast cells and eosinophils both produce eotaxin which, 
in conjunction with mast cell-produced histamine, serves 
as a chemoattractant for eosinophils[35,37]. Mast cells and 
eosinophils both also produce and express receptors for 
leukotrienes and tumor necrosis factor-α (TNF-α) which 
effect chemotaxis, survival, and activation of  these two 
cell types[35,37]. Given the countless mediators that these 
cells produce, it is likely that activation of  either cell will 
result in alteration of  function of  the other. 

SPECIFIC CONDITIONS ASSOCIATED 
WITH MUCOSAL INFLAMMATION
There are a number of  triggers or inciting events which 
may initiate an inflammatory response, and the subse-
quent recruitment and activation of  mast cells and eosin-
ophils, in the gastrointestinal tract. These include internal 
triggers such as stress and anxiety, as well as external trig-
gers such as microbes and allergens.

Internal triggers
Anxiety and stress are the most highly implicated inter-
nal triggers in the development and/or maintenance of  
FGIDs, including FD. Children with FGIDs tend to have 
more concurrent symptoms of  anxiety and depression 
than do their peers[38]. Approximately 50% of  children 
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H2 receptors. The Th2 phenotype is associated with re-
lease of  IL-4, IL-10, and IL-13 which stimulate growth 
and activation of  mast cells and eosinophils[42]. 

External triggers
A number of  external triggers have been identified, such 
as microbes and allergens, which may result in eosinophil 
and/or mast cell recruitment and activation. The immune 
system may be activated by an acute infection and con-
tinue to generate symptoms after the infection resolves, 
resulting in so-called post-infectious FD (PI-FD). Heli-
cobacter pylori (H. pylori) colonization represents a unique 
situation where symptoms may result from chronic infec-
tion and, in many patients, persist after eradication.

FD has been reported at a higher prevalence follow-
ing both bacterial and parasitic infections[52]. It seems 
likely that FD may also be induced by viral gastroenteritis 
in a manner similar to that of  IBS. In a study of  88 chil-
dren with a previous positive bacterial stool culture, FD 
was present in 24% and IBS in 87%[53]. Fifty-six percent 
of  the patients reported the onset of  abdominal pain 
after the acute infection. Another study identified 82 
adults with persistent abdominal symptoms following 
Giardia infection, with FD in 24.3% and IBS in 80.5%[54]. 
Over half  of  these patients reported exacerbation due to 
specific foods and, consistent with the biopsychosocial 
model, nearly half  reported exacerbations with physical 
or mental stress[54]. 

PI-FD appears to represent an impaired ability to 
terminate the inflammatory response after elimination 
of  the offending pathogen. It may also be associated 
with neuroplastic changes in visceral and central afferent 
pathways[55]. Duodenal eosinophilia has been described 
in PI-FD and gastric mast cells are significantly increased 
in PI-FD as compared to healthy controls[51,56]. PI-FD is 
associated with increased gastric release of  histamine and 
5-hydroxytryptamine as well as increased number of  mast 
cells in close proximity to nerve fibers as compared to 
healthy controls or non-PI-FD[57]. 

The role of  H. pylori in FD remains incompletely 
defined. Multiple studies have demonstrated a moderate 
reduction in FD symptoms with eradication of  this or-
ganism while others have shown no clinical benefit[57-60]. 
A Cochrane review concluded that eradication was sig-
nificantly better than placebo[61]. However, a large number 
of  patients continue to experience symptoms following 
eradication. These may be patients in whom H. pylori had 
no pathologic role or may represent patients with PI-FD 
and prolonged submucosal inflammation[62]. 

H. pylori colonization in children is associated with a 
mixed inflammatory infiltrate including eosinophils which 
decrease with eradication[63]. H. pylori colonization also 
may be associated with increased antral mast cell density, 
though this appears to be H. pylori strain specific[64]. In 
the setting of  H. pylori-associated nodular gastritis, eo-
sinophils may be of  particular significance. Patients with 
nodular gastritis have a higher incidence of  dyspeptic 
symptoms which resolve with eradication therapy[62]. 

with FD demonstrate elevated anxiety scores either in 
isolation or as part of  more global psychosocial dysfunc-
tion[39]. Further, mucosal eosinophil density, as well as 
antral mast cell density, correlates with anxiety scores in 
children with FD[7,40]. 

Thus, the role of  inflammation in the biopsychoso-
cial model is probably best illustrated by examining the 
stress response. Corticotropin releasing hormone (CRH), 
produced by the hypothalamus (as well as immune cells 
including lymphocytes and mast cells) is a major mediator 
of  the stress response in the hypothalamic-pituitary-adre-
nal (HPA) axis and, subsequently, within the brain-gut axis. 
The stress response results in physiologic effects which 
appear relevant to FGIDs including inflammation, altered 
gastric accommodation, gastric dysmotility, and visceral 
hypersensitivity. CRH also has CNS effects which may 
alter central processing of  nociceptive messages including 
anxiogenic effects. Of  note, the relationship between the 
CNS and gastrointestinal pathophysiology is bidirectional. 
In a rodent model, gastric irritation in the neonatal period 
induces a long lasting increase in depression- and anxiety-
like behaviors, as well as an increased sensitivity of  the 
HPA axis to stress[41]. CRH stress systems may be activat-
ed by afferent nerves from inflamed sites or via cytokines 
including TNF-α, IL-1, IL-6 and IL-12[42]. 

CRH receptors are widely expressed within the gas-
trointestinal tract and immune cells. Mast cells express 
both CRH1 and CRH2 receptor subtypes at their surface. 
Most of  the inflammatory cell actions, including those 
on mast cells, occur via CRH-R2 receptors[43]. Once mast 
cells are activated, they release mediators which recruit 
and activate eosinophils, with both cell types interacting 
in a bi-directional fashion with T helper cells (Th). There 
also may be a direct effect for CRH on eosinophils. In a 
rodent model, psychologic stress results in eosinophilic 
expression of  CRH[44]. CRH is not expressed by eosino-
phils in the intestines of  the mice except under psycho-
logic stress and decreases after the stress is removed[44]. 

Once activated by CRH, mast cells may release pro-
inflammatory cytokines[45]. Adults have demonstrated 
selective luminal release of  tryptase and histamine from 
jejunal mast cells under cold stress at a magnitude similar 
to that induced by antigen exposure in food allergic pa-
tients[46]. Once released, mast cell and eosinophil media-
tors can stimulate afferent nerves signaling pain, can sen-
sitize afferent nerves resulting in visceral hypersensitivity, 
and can alter electromechanical function. Histamine can 
stimulate afferent sensory nerves via H2 receptors[47]. 
CRH has been shown to activate gastrointestinal mast 
cells with resultant mediator sensitization of  afferent 
sensory enteric nerves[48-50]. Low grade inflammation may 
lead to visceral sensitivity and motility disturbances; the 
key appears to be a shift from a TH1 to a TH2 response, 
with eosinophils and mast cells as the key effector cells[51]. 
Stress has been shown to shift the relative proportion 
and trafficking of  T helper lymphocytes towards a Th2 
or “allergic” phenotype[42]. This shift is driven by central 
and peripheral CRH, catecholamines, and histamine via 
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Nodularity is associated with an increased density of  eo-
sinophils[65]. Even in the absence of  nodularity, H. pylori 
colonization is associated with increased antral eosino-
phils, as well as increased gastric fluid eosinophil cationic 
protein indicating that the eosinophils are actively degran-
ulating[26,63,66]. These findings would suggest a possible 
pathophysiologic role for eosinophils in contributing to 
symptoms in patients with H. pylori colonization prior to 
and following eradication. 

The role of  allergies in the development of  FD has 
not been well studied; however, their potential to con-
tribute given the observed increases in and activation of  
mast cells and eosinophils in FD is certainly plausible. 
FGIDs occur more commonly in children with a his-
tory of  cow’s milk allergy as infants[67]. In these children, 
mucosal application of  cow’s milk is associated with in-
creased eosinophils and mast cells and rapid degranulation 
within 10 min of  application[68]. In addition, cow’s milk 
exposure is associated with increased mast cells in close 
proximity to nerves[68]. A history of  allergy is associated 
with increased duodenal eosinophil density in adults with 
FD[30]. Whether food allergy accounts for a substantial 
portion of  children with FD is not clear. We previously 
found no significant increase in immunoreactivity to com-
mon food allergens in FD children with duodenal eosino-
philia, though it is possible that the reactions were local-
ized to the mucosa and thus missed in our assessment[69]. 
It is also possible that environmental allergens may play a 
role in FD. Antigen exposure in adults with birch pollen 
allergy results not only in an increase in symptoms of  FD 
but also an increase in mucosal MBP+ eosinophils and 
IgE-bearing cells in the majority of  patients[70]. 

“ANTI-INFLAMMATORY” THERAPY
Treatments with the potential to impact symptoms re-
lated to inflammatory cells would primarily act by three 
mechanisms: (1) controlling upstream factors which 
recruit or activate inflammatory cells; (2) controlling the 
release of  mediators from inflammatory cells; and (3) 
antagonizing the downstream effects of  mediators once 
released from inflammatory cells (Figure 1). 

Treatment directed at upstream factors
Treatments directed at upstream factors would include 
those which interfere with activation of  mast cells or eo-
sinophils by internal triggers (e.g., CRH antagonists, selec-
tive serotonin reuptake inhibitors (SSRI) anti-depressants, 
anti-anxiety treatments) or external triggers (e.g., cortico-
steroids, anti-TNF-α, anti-IL-5 and anti-IgE). 

The biopsychosocial model and CRH physiology 
would suggest a potential role for antagonizing CRH, or 
controlling its secretion by modulating anxiety and the 
stress response either through the use of  SSRIs, anti-anx-
iety medications, or relaxation techniques. Though there 
are no previous controlled studies evaluating CRH-antag-
onists or SSRIs in pediatric FD, some evidence exists for 
the role of  relaxation via biofeedback-assisted relaxation 

training (BART). Biofeedback is a technique whereby 
individuals are trained to relieve physical or emotional 
symptoms using signals from their bodies that are dis-
played visually or aurally. Biofeedback can be paired with 
relaxation training to yield BART. BART paired with 
fiber supplementation has been shown to be superior 
to fiber alone in children with non-specific abdominal 
pain[71]. The effect of  BART directly on inflammation 
has not been studied. However, BART has been studied 
as an adjunctive treatment to medications directed at in-
flammation in children with FD in association with duo-
denal eosinophilia[72]. Children receiving medication plus 
BART demonstrated better outcomes with regard to pain 
intensity, duration of  pain episodes, and global clinical 
improvement as compared to children receiving medica-
tions alone[72]. 

Corticosteroids represent another group of  agents 
which may be used in the setting of  mucosal eosino-
philia to block upstream activation and upstream effects, 
although they have not been studied directly in patients 
with FD. Prednisone has long been considered the 
mainstay in the treatment of  eosinophilic gastroenteritis 
though there are no placebo-controlled studies evaluat-
ing efficacy. The less than favorable side effect profile 
represents a significant draw back in considering its use 
as a long term agent. Budesonide may represent a safer 
alternative. Budesonide is a synthetic corticosteroid with 
high topical activity, substantial first pass elimination 
and relatively low systemic bioavailability. Among the 
commercially available preparations is an oral enteric-
coated capsule formulated to optimize delivery to the 
ileum and colon[73]. The delivery pattern would suggest 
that budesonide may be less effective for proximal small 
bowel disease. However, the budesonide granules dissolve 
at an alkaline pH normally present in the proximal small 
bowel. Although acid suppression with omeperazole does 
not affect absorption, acid suppression in combination 
with delayed gastric emptying, as might be expected with 
mucosal inflammation, has not been evaluated[73]. The lit-
erature regarding budesonide and eosinophilic gastroen-
teritis consists of  case reports where budesonide therapy 
has been reported to be effective against eosinophilia in 
the duodenum and jejunum[74-76]. 

TNF-α represents another theoretical “upstream” 
treatment target for FD. CysLTs induce TNF-α produc-
tion which has been demonstrated to recruit and prolong 
survival of  eosinophils, as well promote a TH2 response 
depending on other chemokines present in the micro-
environment[77-79]. In a variety of  allergic mouse models, 
anti-TNF antibodies have been shown to decrease eo-
sinophilic infiltration and local Th2 cytokine transcription 
and secretion[80-82]. Pre-treatment serum TNF-α concen-
trations correlate negatively with the clinical response to 
montelukast in pediatric FD in association with duodenal 
eosinophilia indicating that mediation by TNF-α may 
represent an alternative pathway for symptom genera-
tion in these patients. Although there are no controlled 
studies, anti-TNF-α antibody has been reported to be 
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effective in a series of  children with resistant eosinophil 
disease including patients with FD[83]. 

Eosinophils and/or mast cells exhibit a number of  
cell surface markers which also serve as potential thera-
peutic targets in blocking upstream activation. These have 
been well reviewed elsewhere[84]. However, there are two 
of  these, IL-5 and IgE, which have been targeted in hu-
mans with gastrointestinal eosinophilia and, thus, warrant 
specific mention.

IL-5 serves to stimulate the expression of  eosinophils. 
In general, most clinical studies evaluating anti-IL-5 anti-
bodies have demonstrated decreases in eosinophil density 
but little clinical benefit[85]. There are limited reports on 
the use of  anti-IL-5 in patients with gastrointestinal eo-
sinophilia and none specifically in patients with FD. In a 
small pilot study of  adults with eosinophilic gastroenteri-
tis, a single dose of  anti-IL-5 resulted in a 50%-70% de-
crease in mucosal eosinophil density in 3 of  the 4 patients 
but with minimal symptom improvement[86]. The effect 
of  anti-IL-5 on duodenal eosinophil density was assessed 
in 11 adult patients treated for eosinophilic esophagitis[87]. 
While esophageal density decreased significantly, there 
was no significant effect on duodenal eosinophil density. 
This may simply indicate that the normal physiologic 
duodenal eosinophil population is unaffected.

Anti-IgE antibody has also been evaluated in a small 
study of  adults with eosinophilic gastroenteritis but not 
specifically in patients with FD. In an uncontrolled, open-
label study of  9 patients, anti-IgE resulted in a non-
statistically significant reduction in eosinophil density in 
the antrum (69%) and duodenum (59%)[88]. Symptoms 
significantly improved but improvement had no direct 
relation to the decrease in mucosal eosinophil density.

Treatment directed at controlling mediator release
Mast cell stabilizers, including cromolyn and ketotifen, 
represent an attractive potential therapy given data im-
plicating mast cells in the generation of  dyspeptic symp-
toms as previously discussed. These agents inhibit the 
release of  mast cell mediators and, consequently, their 
pathophysiologic effects.

There have been no adult studies on the use of  mast 
cell stabilizers in patients with FD. Benefit has been dem-
onstrated in adults with IBS where it is suggested that the 
response may be related to blocking allergic or immuno-
logic reactions to foods[89-91]. In an open-label observational 
study of  oral cromolyn in children with FD in association 
duodenal eosinophilia, resolution of  pain was demon-
strated in 89% of  patients who had previously failed to 
respond to H2 and combined H1/H2 antagonism[92] . 

Ketotifen, which antagonizes the H1-receptor, in ad-
dition to stabilizing mast cells has been shown to signifi-
cantly decrease pain in adults with IBS and to increase the 
threshold for discomfort in patients with visceral hyper-
sensitivity though this effect could not be correlated with 
pain improvement[93]. Whether the observed response to 
this drug is related to H1-receptor antagonism or mast 
cell stabilization is unclear.

Treatment directed at downstream mediators
In general, treatments directed at antagonizing the 

downstream effects of  mediators released by mast cells 
and/or eosinophils are associated with a more rapid onset 
of  action and fewer side effects. Therefore, they should 
probably be viewed as first line agents in treatment di-
rected at mast cells and eosinophils in FD. It should be 
noted that the two most common downstream targets, 
histamine and leukotrienes, also have pro-inflammatory 
effects that may result in further upstream activation. 
Further, the simple experience of  symptoms may cause 
physical and/or emotional stress that promotes upstream 
activation through the pathway previously described. 
Thus, addressing these downstream treatment targets may 
have direct effect on reducing symptoms in the short-
term, while also indirectly serving to reduce activation of  
inflammatory cells in the long-term.  

Acid reduction remains the most common treatment 
prescribed empirically by pediatric gastroenterologists 
for children with dyspepsia[1]. While there are numerous 
adult studies to support this practice, pediatric studies 
are limited. In adults, H2 antagonism has been shown to 
improve at least some symptoms associated with FD (ab-
dominal pain, indigestion, belching, and gastroesophageal 
reflux symptoms) and appear to be superior to prokinetic 
medications and short term use of  anxiolytics[94-97]. In 
adults with dyspepsia, proton pump inhibitors (PPIs) are 
superior to placebo in symptom reduction although this 
appears limited to patients with ulcer-like or reflux-like 
dyspepsia[98-101]. Whether PPIs are superior to H2 antago-
nism is not completely clear. Omeperazole was found to 
have a modest increase in efficacy as compared to raniti-
dine at 4 wk (51% vs 36%) but there was no benefit at 6 
mo[97]. 

In children with abdominal pain, famotidine was su-
perior to placebo in global improvement with clear ben-
efit in those with dyspepsia[102]. In a large pediatric study, 
omeperazole was shown to have a very modest advantage 
in the relief  of  all symptoms as compared to either fa-
motidine or ranitidine but there was no significant dif-
ference between the three with regard to resolution of  
abdominal pain, epigastric pain, nausea or vomiting[103]. 

Given the response to PPIs, it would appear that at 
least some of  the clinical improvement from H2 an-
tagonism or PPIs is related directly to acid suppression. 
A significant portion of  responders may derive benefit 
from treatment of  overlap GER or possibly from peptic 
gastritis or duodenitis, however, the benefit may also be 
due to limiting acid exposure in patients with acid hyper-
sensitivity. With H2 antagonism, the benefit may also be 
unrelated to acid reduction as histamine has direct gastric 
myogenic actions, modulates afferent enteric nerve excit-
ability, and acts as an immunomodulating agent[104-108]. 
H2 receptors affect not only acid secretion but influence 
neurotransmission and immune responses[47]. 

There may also be additional benefit from H1 antago-
nism. Combining an H1 antagonist with an H2 antago-
nist has been reported to relieve symptoms in 50% of  
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children with FD in association with duodenal eosino-
philia and in 79% of  adults with FD in association with 
increased antral mast cell density who had previously 
failed to respond to acid reduction therapy[92,109]. H1 re-
ceptors have direct affects on smooth muscle contraction 
and visceral sensitivity[47]. Some benefit from H1 antago-
nism may also be due to an anxiolytic effect. Immune 
modulators, such as suplatast sodium, may also indirectly 
inhibit H1 receptor expression by suppressing IL-4 and 
IL-5 production from TH2 cells[110]. Shirai et al[111], report-
ed successful treatment with suplatast sodium in an adult 
with eosinophilic gastroenteritis. It has not been specifi-
cally used in patients with FD. 

H4 antagonists are currently in development and may 
represent a treatment option in the future. H4 receptors 
are abundant in the small intestine, largely on hemato-
poietic cells including eosinophils and mast cells, as well 
as endocrine cells[112,113]. H4 receptor activation results in 
eosinophil and mast cell chemotaxis (but not degranula-
tion) as well as T cell cytokine production[112]. Current H1 
antagonists do not inhibit H4 receptors but they do share 
common ligands[112]. 

CysLTs also are a potential downstream therapeutic 
target. The pattern of  eosinophil degranulation in pediat-
ric FD is consistent with the release of  major basic pro-
tein, which is known to enhance the synthesis of  cysLT. 
CysLT, in turn, stimulates smooth muscle contraction 
and recruitment of  eosinophils[114]. CysLTs have been 
shown to alter mast cell function via induction of  IL-5 
and TNF-α production in primed mast cells, an effect 
blocked by cysLT inhibition[115]. Leukotrienes have the 
potential to increase intestinal sensory nerve sensitivity 
during inflammation as LT receptors are expressed on 
spinal nerve terminals and cysLTs have been shown to 
increase excitability of  enteric neurons and to have a pro-
contactile effect on the esophagus, stomach, small intes-
tine, colon, and gallbladder[116-123]. 

In a double-blind, placebo-controlled, cross-over 
trial of  children with FD in association with duodenal 
eosinophilia, montelukast, a cysLT receptor antagonist, 
was found to be superior to placebo with regard to relief  
of  pain[124]. The response rate was 84% in patients with 
eosinophil density between 20 and 29/hpf  as compared 
to a 42% response rate with placebo. This high response 
rate was confirmed in a second study which also deter-
mined that the short term positive clinical response was 
unrelated to a decrease in eosinophil density or activa-
tion[33]. This would suggest that the effect may be medi-
ated through an enteric nerve effect on motility or sen-
sitivity though that remains to be demonstrated. Other 
leukotriene antagonists (e.g., pranlukast, zafirlukast) have 
not been evaluated in FD or eosinophilic gastroenteritis.

CONCLUSION
Current evidence implicates gastric mast cells and duo-
denal eosinophils in the pathophysiology of  FD and as 
mediators between psychologic and physiologic factors. 

Increased antral mast cell density is associated with anxi-
ety, electromechanical dysfunction, and the PDS subtype 
of  FD. Likewise, increased duodenal eosinophil density 
is associated with anxiety and the PDS subtype, however, 
effects on electromechanical function are more indirect.

While empirical data is limited, previous studies sug-
gest that there may be efficacy in utilizing medications 
directed at mast cells and eosinophils. Most current data 
regarding treatment response consists of  case series uti-
lizing H1/H2 antagonists, mast cell stabilizers, and anti-
TNF-α, as well as a controlled trial demonstrating clinical 
efficacy for the use of  montelukast. Evidence exists to 
suggest that combining “anti-inflammatory” medications 
with other treatments targeting stress can improve the 
rate of  symptom resolution in pediatric FD.

FUTURE DIRECTIONS
There remains a need for placebo-controlled trials of  the 
various medications and other treatments targeting mast 
cells and eosinophils which have been suggested to have 
efficacy, either alone or in combination. Likewise, there 
is a need to better define the upstream and downstream 
mediators for both mast cells and eosinophils as poten-
tial therapeutic targets for future drug development or 
as potential targets for agents currently available, such as 
lipoxygenase inhibitors, prostaglandin synthetase inhibi-
tors, or newer drugs targeting eosinophil adhesion or 
Siglec-8[125,126]. 
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