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Abstract
Idiopathic Achalasia is an archetype esophageal motor disorder. It is an inflammatory pathology produced by the loss of ganglion cells of the esophageal Auerbach’s 
plexus. Although the etiology is unknown, it is conceivable to hypothesize an etio- and physiopathogenic mechanism for idiopathic Achalasia. Early event that 
triggers the disease appears to be the product of a constant offense produced by a neurotropic infectious agent, which induces a persistent inflammation at the 
myenteric plexus. Nonetheless, not all of the patients infected with virus progress to the disease. Thus, only those individuals with genetic predisposition to 
maintain a severe chronic inflammation and defects in tolerance mechanisms will evolve to Achalasia. Moreover, in most of the cases illness is accompanied by 
the presence of antinuclear antibodies and myenteric antibodies that are suggested to participate in the destruction of the Auerbach’s plexus. In this review we will 
focus on the evaluation of the inflammation that suggests that Achalasia is an autoimmune disease associated with a viral infection.
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Introduction
Primary Achalasia is one of the most common and study causes of 

motility disorder of the esophagus and is characterized by myenteric 
plexitis leading to neuronal loss. It is characterized by the absence of 
coordinated esophageal peristalsis and incomplete relaxation of the 
Lower Esophageal Sphincter (LES) during deglutition. Symptoms 
include dysphagia typically for solids and liquids, but the patients may 
also have regurgitation of ingested food, retrosternal pain, burning, 
pulmonary aspiration, varying degrees of weight loss, cough and 
nutritional deficiencies [1]. The incidence is 1 in 100,000 habitants per 
year, while prevalence is 8 to 9 cases per 1,000,000 people worldwide 
[2]. The diagnosis of idiopathic Achalasia is confirmed with High-
Resolution Manometry (HRM) which is the current gold standard 
while the esophagram with barium swallow and endoscopy are also 
used [2].

Etiology and physiopathology
Several aspects has suggested that Achalasia is an autoimmune 

disease associated with a viral infection; chronic inflammatory 
infiltrates, predominantly enriched in lymphocytes that damage the 
ganglion cells of the Auerbach’s plexus; the presence in the patient's 
serum of organ-specific autoantibodies; the association in the same 

patient with other well-established autoimmune diseases that often 
occurs in the association with one another, either within single 
individual or family; and genetic factors and polymorphisms that 
might play an important role in the development and progression 
of Achalasia. This manuscript will be focused on the autoimmune 
inflammation in Achalasia.

Inflammation
Proteomic studies and serum profile analysis has established 

that elevated concentrations of pro inflammatory cytokines (IL-22, 
IL-17, IL-12, IL-6 and TNF-α), C4-B5, C3, cyclin-dependent kinase 
5, α2-macroglobulin and anti-GAD65 antibodies are up-regulated 
in Achalasia patients than in healthy controls [3-6], as well as the 
terminal complement complex C5b-C9, C9 and IGM are deposited 
within or at the ganglion cells of the myenteric plexus, validating 
the theory of immune-mediated response and neural degeneration 
components of the disease pathogenesis [7].

Histopathological hallmark of Achalasia is degeneration of the 
myenteric plexus in the esophageal tissues. Neuritis and ganglionitis 
are evident in the early stages of the disease, leading to a progressive 
loss of ganglion cells and fibrosis. It has found inflammatory 
infiltrates of varying intensity around myenteric neurons, contrasting 
with the control groups with normal myenteric plexus [8-12]. The 
characterization of the intraganglionic infiltrate show a predominance 
of CD3+, CD4+, CD25+ and CD8+ T lymphocytes in all the diseased 
tissues, as well as CD20+ B cells and activated eosinophils (positive 
major basic protein and eosinophils-derived neurotoxin) but to a 
lesser degree, with detection of occasional plasma cells along the nerve 
fascicles and around the ganglion cells [8,9,11,13-15]. Moreover, T 
and B inflammatory infiltrates predominate in tissues with advanced 
stage disease (>10-year symptom history) [13]. Contact of mast 
cell infiltration with Interstitial Cells of Cajal (ICC) has recently 
associated with nitrergic nerves, S-100-positive cells, ICC and 
neuronal degeneration in Achalasia [12] [16-18]. The number of mast 
cells is higher in type I than type III Achalasia. Additionally, patients 
with a history of autoimmune disease or viral infection has greater 
mast cell infiltration in the LES muscle [12]. It has also demonstrated 
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that mast cells express the 3-O-sulphated heparan sulphate receptor 
that mediates the entry of HSV-1 but not HSV-2 [19], and thus mast 
cells played an important role in host defenses against HSV infection 
through TNF-α and IL-6 expression [20].

Some tissue and circulating cells of the adaptive immune 
response have also been immunepheno typed in patients with 
Achalasia, including CD4 effect or T cells. In the muscle of the lower 
esophageal sphincter, it has been detected an increased expression of 
interleukin-22 (IL-22) particularly along the myenteric plexus [8,5] 
and in peripheral cells of patients with Achalasia. IL-22, synthesized 
by Th22 and Th17 cells. It is an initiator of the innate immune response 
against many infectious disease (bacterial, viral, and fungal infections) 
at epithelium. The Th22 cells do not express IL-17, IL-4, and IFN-α, 
IL-23R nor CD161. This CD4 T cells differentiate from naïve T cells 
(transcription factor: Aryl Hydrocarbon Receptor (AHR)) in response 
to TNF-α and IL-6 signals, and subsequently synthesizes and secretes 
IL-22, IL-13 and IL-26 [5,21].

The IL-17A is produced by Th17 cells, CD8 T cells, γδ T cells, 
neutrophils, macrophages and a variety of epithelial and parenchymal 
cells [22]. IL-17A is a key mediator of auto immune diseases. Under 
both physiological and pathological conditions Th17 cells induce B cell 
proliferation and differentiation into immunoglobulin-secreting cells 
and produce a wide range of proinflammatory cytokines such as IL-
17A, IL-17F, IL-21 and IL-22, IL-1β, IL-6, IL-8, TNF-α, IL-23, G-CSF, 
GM-CSF, and chemokines (CXCL1, CXCL2, CCL2, CXCL5 CCL20) 
[23]. This endorses the diapedesis of neutrophils and monocytes. The 
increased infiltration of Th17 cells is associated with enlarged IL-21 
concentrations and Activation-Induced cytidine Deaminase (AID) 
expression [24]. AID is the key enzyme that controls Ig class switching 
and somatic hypermutation [25], suggesting that IL-17 indirectly 
promotes lymphoid neogenesis and supports the development of 
humoral immune responses contributing to antibody-mediated 
response. The percentage of tissue and circulating Th17 cells is 
conspicuously higher in patients with Achalasia compared to controls 
[5,26].

Thus, it is not preposterous to propose that interferon-gamma 
(IFN-γ) also might play a role in the pathogenesis of the disease, 
promoting cell-mediated immunity and activating mononuclear cells. 
Produced by activated CD4 effect or T cells and Natural Killer cells 
(NKs), IFN-γ regulates various immune and inflammatory responses. 
Specifically, this cytokine promotes immune modulation, and it has 
anticancer and antimicrobial activities. It inhibits type I collagen 
synthesis and induces the production of chemokines and their 
receptors [23]. Abnormally high percentages of circulating and tissue 
IFN-γ+/CD4+ T cells has been determined in patients with Achalasia 
when compared with controls [8,27].

Following HSV-1 antigen exposure augmented IL-1β-, IL-2- and 
TNF-α-cell expression has also been found in tissue from Achalasia 
patients as compared with controls [27].

TGF-β1 has immunosuppressive effects on T, B and NK 
cells; controls cellular growth, proliferation and differentiation of 
fibroblasts; down-modulates fibronectin, proteoglycans, type I and III 
collagen synthesis as well as apoptosis. In the myenteric plexus from 
patients with Achalasia, it has been detected significantly higher levels 
of TGF-β1 compared with tissues from controls [8].

IL-4 is a pleiotropic cytokine involved in the regulation of immune 
response. It inhibits the synthesis of pro-inflammatory cytokines, 

promotes Th2 cell differentiation, and inhibits Th1 cells. It is a B cell 
stimulator factor, and is a down-regulator of apoptosis.

IL-4 is a fundamental cytokine during the fibrosis process. Th2 
cells suppress autoimmune disease mediated by Th1 cells [28].

Previous studies by our group have been determined that the 
peripheral cells and tissue of patients with Achalasia has significantly 
higher IL-4-expressing cell percentage compared with controls [8].

IL-13, a Th2 related cytokine, is a key mediator in fibro proliferative 
disorders. It acts through the regulation of type I collagen gene. IL-13 
has also associated with the increase of esophageal body contractility 
in Achalasia [29]. On the other hand, IL-4/IL-13-expressing CD4+ T 
cells play important roles in polarization of macrophages/dendritic 
cells to the M2a phenotype, important for recovery from acute 
kidney injury through activation of JAK3/STAT6 signaling [30,31]. 
M2a macrophages are considered beneficial in reparative processes 
with respect to ongoing injury. Nonetheless, sustained activity may 
result in the continuous production of various wound-healing growth 
factors, ultimately becoming a pathological process leading to fibrosis 
[30-34]. IL-13-producing cell percentage in patients with Achalasia is 
similar to IL-4 [8].

Regarding regulatory cells, it is worth mentioning that, in 
healthy individuals, Tregs constitute 5% to 15% of peripheral and 
tissue CD4+ T cells. Tregs modulate the natural course of protective 
immune responses maintaining immune tolerance, in order to limit 
tissue damage, allergy, inflammation, cancer and autoimmunity. 
Additionally, Treg-mediated suppressive activity includes the synthesis 
of granzyme B, adenosine, CAMP and perforins; production of IL-
10, and IL-35; depletion of IL-2; expression of suppressor molecules 
such as CTLA-4, GITR, LAG-3, IL-19 and TGF-β1; and Antigen 
Presenting Cells (APCs) decrease functions, that otherwise promote 
energy or apoptosis of effect or T cells. Thus, the Tregs play a key role 
in metabolic and genetic regulation, in tissue repair (i.e., hair follicles 
regeneration) and homeostasis.

Severe inflammation determined in patients with Achalasia 
apparently induces an increase in the percentage of circulating and 
tissue Tregs cells when compared to controls [8].

In addition to Tregs, a circulating naïve/transitional T1 regulatory 
B cells have been shown to support development of immune 
tolerance [35]. Blair and colleagues have defined these latter cells 
as a regulatory B cell pool (1% to 3% of whole splenic B cells) with 
many subtypes that display a common CD19+/CD24hi/CD38hi 
phenotype in autoimmune diseases [36,37]. These IL-10-producing 
B cells suppress the differentiation of Th1 cells that requires CD80/
CD86 interactions with target CD4+ T cells. Moreover, Bregs promote 
to the polarization and maintenance of Tregs and may control organ-
specific inflammation [38]. A higher cell number of IL-10-producing 
B cells were determined in esophageal tissue of patients with Achalasia 
compared with control group [8].

Lastly, it is known that dendritic plasmacytoid regulatory cells 
(termed pDCregs) are a subpopulation of immune cells that express 
the Indoleamine 2,3-dioxygenase (IDO) enzyme that is responsible 
for mediating tryptophan metabolism, producing kynurenine, the 
first breakdown product, and a natural ligand for the AHR which 
suppresses T effect or cell activity and promotes polarization of naïve 
CD4+/CD25-/Foxp3- T cells to CD4+/CD25+/Foxp3+ regulatory 
T cells instead of Th17 cells and apoptosis of effector T cells. IDO-
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mediated increased of L-kynurenine stops Th1 proliferation at 
mid-G1 phase; promotes Tregs activation and differentiation and the 
pro-apoptotic activity to endorse immune tolerance. IDO favors Th2 
immune response and it has a selective role in its differentiation. In 
addition, IDO contributes to the immune responses to pathogens 
through the activation of TLRs (LPS, CPG/ODN and other bacterial 
antigens) and it subsequently modulates the inflammation [39-
43]. Large numbers of IDO-expressing CD123 pDC cells has been 
determined in patients with Achalasia compared with control tissues.

Extracellular matrix turnover is a modulated process that involved 
Matrix Metalloproteinases (MMPs) activity and their inhibitors 
(TIMPs). Particularly, MMP-9 (92 kDa gelatinase) and MMP-2 
(72 kDa gelatinase) play major role in tissue repair and remodeling 
and both have been described in LES from patients with Achalasia 
[8]. Moreover, it has been determined that the circulating levels of 
activated MMP-9/proMMP9 and MMP-9/MMP-2 proteoforms are 
increased in patients with Achalasia compared with controls. In this 
vein, MMP-9- and MMP-2-expressing cells were conspicuously higher 
in Achalasia than in control biopsies from transplant donors. Besides, 
in tissues with more MMP-9-expressing cells a severe damage in the 
Auerbach’s plexus was observed. Thus, MMP-9 may contribute to 
the extracellular proteolysis of PNMA2, Ri, GAD65, and VIP (novel 
MMP-9 substrates) that might play role in the pathogenesis of organ-
specific autoimmune disease including Achalasia (remnant epitopes 
generating autoimmunity paradigm) [8].

Conclusion
Evidence suggests that Achalasia may be caused by a viral 

infection with neurotropic viruses that have predilection for 
squamous epithelium, most importantly herpes simplex virus type 
1 causing a chronic latent infection. This virus may act as a disease-
initiating factor for chronic inflammation of the myenteric plexus 
ganglion cells. The inflammation in Achalasia is the keystone in the 
development and establishment of the disease. It contributes to the 
loss of immunological tolerance, probably through the processing of 
autoantigens' (REGA paradigm) inducing an autoimmune response 
in individuals with genetic predisposition.
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