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Achalasia—An Autoimmune Inflammatory Disease:
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Idiopathic achalasia is a disease of unknown etiology. The loss of myenteric plexus associated with inflammatory infiltrates
and autoantibodies support the hypothesis of an autoimmune mechanism. Thirty-two patients diagnosed by high-resolution
manometry with achalasia were included. Twenty-six specimens from lower esophageal sphincter muscle were compared with
5 esophagectomy biopsies (control). Immunohistochemical (biopsies) and flow cytometry (peripheral blood) analyses were
performed. Circulating anti-myenteric autoantibodies were evaluated by indirect immunofluorescence. Herpes simplex virus-
1 (HSV-1) infection was determined by in situ hybridization, RT-PCR, and immunohistochemistry. Histopathological analysis
showed capillaritis (51%), plexitis (23%), nerve hypertrophy (16%), venulitis (7%), and fibrosis (3%). Achalasia tissue exhibited
an increase in the expression of proteins involved in extracellular matrix turnover, apoptosis, proinflammatory and profibrogenic
cytokines, andTregs andBregs versus controls (𝑃 < 0.001). CirculatingTh22/Th17/Th2/Th1percentage showed a significant increase
versus healthy donors (𝑃 < 0.01). Type III achalasia patients exhibited the highest inflammatory response versus types I and II.
Prevalence of both anti-myenteric antibodies and HSV-1 infection in achalasia patients was 100% versus 0% in controls. Our results
suggest that achalasia is a disease with an important local and systemic inflammatory autoimmune component, associated with the
presence of specific anti-myenteric autoantibodies, as well as HSV-1 infection.

1. Introduction

Idiopathic achalasia is one of the most common causes of
esophageal motor disorders. Manometrically, it is charac-
terized by aperistalsis, failure of lower esophageal sphincter
(LES) relaxation in response to swallows, and increased LES
resting tone. Clinical manifestations include dysphagia to

solids and liquids but the patients may also have regurgi-
tation of esophageal contents, chest pain, cough, aspiration,
weight loss, and heartburn [1, 2]. Achalasia affects both sexes
and all age groups. The prevalence of the disease is eight
cases per million population with an estimate incidence of
approximately 0.3–1.63 per 100,000 habitants per year [3,
4]. Diagnosis is established by high-resolution manometry
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(HRM) as the gold standard while the esophagram with
barium swallow and endoscopy is useful to rule out other
pathologies. Idiopathic achalasia has been classified in three
types based on the HRM: achalasia with minimal esophageal
pressurization (type I), achalasia with esophageal compres-
sion (type II), and achalasia with spasm (type III) [5].

Even though the disease was first described more
than 300 years ago, etiology and physiopathology are still
unknown. However, many contemporary hypotheses suggest
a multifactorial etiopathogenic mechanism [6, 7]. Thus,
pathophysiologically, idiopathic achalasia is caused by loss of
inhibitory ganglion in the myenteric plexus of the esophagus
[7–11]. In order to explain this, several studies have attempted
to explore initiating agents that may cause the disease, such
as latent or active viral infection. Proposal virus candidates
have included herpes simplex virus (HSV) (neurotropic virus
with a predilection for squamous epithelium), bornavirus,
varicella zoster (VZ), measles, and human papilloma virus
(HPV) [12, 13]. Nonetheless, not all the patients with viral
infections develop the disease. Numerous potential genetic
targets exist in the immune system, which may create
susceptibility. Some studies have been shown genetic cor-
relations in achalasia, for example, ALADIN gen associ-
ated with Allgrove syndrome, receptor of vasoactive intesti-
nal polypeptide (VIPR1) gene polymorphism, interleukin-
(IL-) 23 receptor polymorphism, protein tyrosine phos-
phatase nonreceptor 22 gene polymorphism, and human
leukocyte antigen- (HLA-) DQ𝛽1 (𝐻𝐿𝐴-𝐷𝑄𝐵1∗05:03 and
𝐻𝐿𝐴-𝐷𝑄𝐵1∗06:01), HLA-DQ𝛼1 (𝐻𝐿𝐴-𝐷𝑄𝐴1∗01:03), and
HLA-DQ𝛽1 (𝐻𝐿𝐴-𝐷𝑄𝐵1∗03:01 and𝐻𝐿𝐴-𝐷𝑄𝐵1∗03:04) [8].
Consequently, chronic viral infection could trigger aberrant
immune response under appropriate genetic and environ-
mental background allowing the loss of esophageal neurons.
Moreover, detailed examination of Auerbach’s plexus has
shown infiltration of CD3+/CD45RO+ T cells, predominantly
CD8+ T cytotoxic lymphocytes expressing activationmarkers
[7, 10, 11, 14]. Notwithstanding, little is known about whether
these subpopulations of cells are truly autoimmune, as in
the case of pathogenic Th22 and Th17 effector cell subsets,
and what happens with cellular mechanisms which are
participating in an attempt to regulate the inflammation,
such as regulatory CD4+ T cells and IL-10-producing B cells
[15, 16]. Finally, in accordance with the hypotheses, evidence
autoantibodies against myenteric neurons have been shown
in serum samples from patients with achalasia, especially
in those with HLA DQA1∗0103 and DQB1∗0603 alleles
[17]. However, no specific antigenicity of myenteric neuron
autoantibodies has been identified [2, 18].

Based on these data and hypotheses, the aim of the study
was to analyze in esophageal muscle tissue and peripheral
blood the localized and systemic inflammation patterns in
idiopathic achalasia patients. Furthermore, we evaluate the
existence of circulating anti-myenteric autoantibodies and
their specificities in sera frompatients and assess the presence
of herpes simplex virus type 1 (HSV-1) in esophageal muscle.

2. Materials and Methods

2.1. Study Design. This was an exploratory, observational,
and cross-sectional study designed to identify by the first

time the presence of CD4+ T-cell subpopulations related
to autoimmune diseases, autoantibodies and their speci-
ficity and proteins involved in extracellular matrix turnover,
apoptosis, proinflammatory and profibrogenic cytokines,
and regulatory T and B cells (Tregs and Bregs) in lower
esophageal sphincter biopsies from achalasia patients.Thirty-
two patients with idiopathic achalasia without Chagas dis-
ease, HIV, or HCV infections were included between January
2013 and July 2014. The medical records of each patient
were reviewed. Peripheral blood was obtained from 20 age-
matched healthy donors (HD) who volunteered at the blood
bank. HDs were also interviewed in order to discard any dis-
ease including known autoimmune disease, use of immuno-
suppressors or prednisone, and concurrent infections. Five
biopsies of esophagectomy from patients with squamous cell
carcinoma from upper third of esophagus were included as
control tissue samples (see Supplementary Figure 1 in Supple-
mentaryMaterial available online at http://dx.doi.org/10.1155/
2015/729217).

2.2.HighResolution EsophagealManometry Protocol. Ahigh-
resolution esophageal manometry was performed in every
patient at baseline and before being referred to surgery.
A solid-state HRM probe with 36 circumferential sensors
was used (Given Imaging, Yokneam, Israel). Having the
patient in a sitting position and at 45 degrees, stationary
HMR was performed. After a 12 hr fasting period, the probe
was inserted transnasally until passing the esophagogastric
junction, assessed visually in the computer screen. Ten water
swallows of 5mL, separated by 30 seconds were provided.

Analyses were performed using Manoview 2.0 (Given
Imaging) and patients were classified according to latest
Chicago classification [19] into three groups: (1) type I acha-
lasia (without pressurization within the esophageal body),
(2) type II (with pan-pressurization), and (3) type III (with
spasm). Classification was performed by two gastroenterol-
ogists (MAV, E-CA) experts in high-resolution esophageal
manometry. Surgeon was blinded to the high-resolution
manometry analysis [19].

2.3. Erythrocyte Sedimentation Rate. Erythrocyte sedimenta-
tion rate (ESR) was determined by Westergren method.

2.4. Immunohistochemistry. Once the myotomy was done, a
2 cm long and 2mm width tissue was obtained. Tissue was
immediately formalin-fixed and paraffin embedded. Four
𝜇m thick tissue sections were deparaffinized and rehydrated.
Tissues were incubated for 18 h at 4∘C with goat polyclonal
anti-human MMP-9, TIMP-1, TGF-𝛽1, IL-22, IL-17A, FAS,
or mouse monoclonal IgG

1
HSV-1 antibody (Santa Cruz

Biotechnology, Santa Cruz, CA, USA) at 10𝜇g/mL. Bind-
ing was detected by incubating sections with biotinylated
donkey anti-goat IgG antibody (ABC Staining System; Santa
Cruz Biotechnology). Slides were incubated with horseradish
peroxidase- (HRP-) streptavidin and 3,3-diaminobenzidine
(DAB) (Sigma-Aldrich) and counterstained with hema-
toxylin. Negative control staining was performed with nor-
mal human serumdiluted 1 : 100, instead of primary antibody.
The reactive blank was incubated with phosphate buffer
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saline-egg albumin (Sigma-Aldrich) instead of the primary
antibody. Both controls excluded nonspecific staining or
endogenous enzymatic activities. At least two different sec-
tions and two fields (×320) were examined for each biopsy.
Immunostained cells were assessed by estimating the number
of positively staining cells in two fields (×320) and were
reported as the percentage of immunoreactive cells. Results
are expressed as themean± standard error of themean (SEM)
of cells quantified by the program Image Pro Plus version 5.1.1
[15].

2.5. Double-Staining Procedure. Todetermine the subpopula-
tion of IL-13+/IL-4+-, CD4+/IFN-𝛾+-expressing T cells,
CD25+/Foxp3+ regulatory T cells, and CD20+/IL-10+-
producing B-cell subpopulations a simultaneous detection
was performed [EnVision G|2 Doublestain System (Dako,
Glostrup, Denmark)]. The procedure is a sequential double
staining where the first antigen was visualized using
HRP/33-diaminobenzidine (DAB) and the second antigen
was visualized using alkaline phosphatase (AP)/permanent
red. Briefly, incubation of samples with 200 𝜇L of dual
endogenous enzyme block was performed. This procedure
inhibited endogenous AP, peroxidase and pseudoperoxidase
activity present in tissues. After blocking, tissues were
incubated with 200𝜇L of normal serum as negative control
or second primary rabbit polyclonal anti-CD20, anti-
CD25 IgG antibody, or mouse monoclonal anti-CD4 or
anti-IL-4 IgG

1
antibody (Santa Cruz Biotechnology) at

10 𝜇g/mL. Then 200𝜇L of rabbit/mouse LINK was added for
10min. Tissues were incubated with 200𝜇L of polymer/AP
reagent. Reaction was visualized by incubation with 200 𝜇L
permanent red chromogen. Tissues were counterstained with
hematoxylin and mounted in aqueous mounting medium.
At least two different sections and two fields (×320) were
examined for each biopsy. Double positive IL-4+/IL-13+-,
CD4+/IFN-𝛾+-expressing T cells, CD25+/Foxp3+ regulatory
T cells, and CD20+/IL-10+-producing B cells were assessed
by estimating positively staining cells and results were
reported as the percentage of immunoreactive cells. Results
are expressed as the mean ± SEM of cells quantified by the
program ImagePro Plus version 5.1.1 [16].

2.6. Flow Cytometry. A sample of venous blood (10mL) was
obtained from each subject. Peripheral blood mononuclear
cells (PBMCs) were isolated by gradient centrifugation on
Lymphoprep (Axis-Shield PoC AS, Oslo, Norway).

ForTh22(CD3+/CD4+/CD161−/IL-22+),Th17(CD3+/CD4+/
CD161+/IL-17A+), Th2 (CD3+ /CD4+ /CD14−/IL-4+), Th1
(CD3+/CD4+/CD14−/IFN-𝛾+), and regulatory T cells (CD3+/
CD4+/CD25+/Foxp3+), PBMCs were labelled with 5 𝜇L of
anti-human CD3-FITC-, anti-CD4-PeCy5-, and anti-CD161-
APC-conjugated monoclonal antibodies (BD Biosciences,
San Jose, CA); anti-CD14-FITC-, anti-CD4-PeCy5-, anti-
CD3-APC- or CD3-FITC-, anti-CD4-PeCy5-, and anti-
CD25-APC-conjugated monoclonal antibodies (BD Bio-
sciences, San Jose, CA). Intracellular staining was per-
formed with 5 𝜇L of an anti-human IL-22-PE-, IL-17A-PE-,
IL-4-PE-, IFN-𝛾-PE-, or anti-human Foxp3-PE-labelled

monoclonal antibodies (BD Biosciences). Finally, T sub-
sets were analyzed by flow cytometry with an Accuri
C6 (BD Biosciences). A total of 500,000–1,000,000 events
were recorded for each sample and analyzed with the
FlowJo X software (Tree Star, Inc.). An electronic gate
was made for CD3+/CD4+/CD161−, CD3+/CD4+/CD161+,
CD3+/CD14−/CD4+ cells, or CD3+/CD4+/CD25hi. Results
are expressed as the relative percentage of IL-22-, IL-17A-, IL-
4-, IFN-𝛾-, or Foxp3-expressing cells in each gate.

As isotype control, IgG
1
-FITC/IgG

1
-PE/CD45-PeCy5

mouse IgG
1
,𝜅 (BD Tritest, BD Biosciences) was used to set

the threshold and gates in the cytometer.We ran an unstained
(autofluorescence control) and permeabilized PBMCs sam-
ple. Autofluorescence control was compared to single stained
cell positive controls to confirm that the stained cells were
on scale for each parameter. Besides, BD Calibrite 3 beads
were used to adjust instrument settings, set fluorescence com-
pensation, and check instrument sensitivity (BD CaliBRITE,
BD Biosciences). Fluorescence minus one (FMO) controls
were stained in parallel using the panel of antibodies with
sequential omission of one antibody [20].

2.7. Circulating Neurologic Autoantibodies. Serum antibodies
were evaluated with a commercially available kit Neurol-
ogy Mosaic 1 (Euroimmun, Lübeck, Germany) by stan-
dard indirect immunofluorescence screening assay using as
antigenic substrate frozen monkey nerves, cerebellum, and
intestinal tissue, following manufacturer’s instructions. Sera
from patients and controls diluted at 1/10 were incubated
on intestinal, cerebellum, and peripheral nerves of monkey
tissue sections. A positive anti-Hu serumwas used as control.
Fluorescein-labelled anti-human immunoglobulin G (IgG)
conjugate was used as secondary antibody. Slides were exam-
ined on a fluorescence photomicroscope (×200 and ×400).
Anti-Hu-positive serum labelled neuron nuclei on both
cerebellum and myenteric plexus sections. For circulating
neurologic antibodies positivity staining of both nucleus and
cytoplasm of myenteric plexus neurons was considered [21].

2.8. Immunoblot Analysis. To further analyze target antigens
of circulating anti-myenteric autoantibodies, sera were tested
with the neuronal antigens profile plus RST (Euroimmun).
This test is a membrane strip with a combination of neu-
ronal antigens (amphiphysin, CV2, and PNMA2 (Ma-2/Ta)),
onconeural antigens (Ri, Yo, and Hu), recoverin, SOX-1,
and titin separately. After blot strip blocking, sera were
incubated at 1/100 for 1 hour at room temperature. To detect
the bound antibodies, a second incubation was carried out
using alkaline phosphatase-labelled antihuman IgG. For the
interpretation a EUROLine Scan software (Euroimmun) was
used [21].

2.9. In Situ Hybridization for HSV-1. Paraffin-embedded
specimens of lower esophageal sphincter muscle from acha-
lasia patients and controls were deparaffinized for 18 h at
60∘C and sequentially immersed in xylene (30min at 37∘C),
absolute ethanol, 75% ethanol, 50% ethanol, 25% ethanol, and
water. Cells were permeabilized and incubated with 1mg/L
proteinase K (Promega, Madison, WI, USA) for 30min at
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37∘C. Codenaturation and hybridization were done by sepa-
ration of double-strand DNA and binding of single-stranded
probe. HSV-1 FITC-conjugated PNA probe mixture (Dako,
Denmark) was applied to the specimen on each slide and they
were sealed and incubated for 3min at 73∘C, then for 4 hrs at
37∘C and finally for 2 hrs at 55∘C. Probe detection was done
by the addition of an anti-FITC/AP antibody and alkaline
phosphatase. Positive cells were considered if the purple
reaction product was seen. Tissues were counterstained with
nuclear fast red. The negative controls included 5 biopsies of
esophagectomy from patients with squamous cell carcinoma
and were identified as noninfected patients (negative for
HSV-1 DNA).

2.10. RT-PCR for HSV. Detection of HSV-1 DNA was per-
formed by reverse transcriptase and PCR in specimens from
lower esophageal sphincter muscle from achalasia patients
and controls. Four 𝜇m thick sections of available formalin-
fixed paraffin embedded tissue were deparaffinized and rehy-
drated. Cells were permeabilized and incubated with 1mg/L
proteinase K (Promega, Madison, WI, USA) for 30min at
37∘C. Tissue was treated with DNase I (Invitrogen, Alameda,
CA, USA) and slides were sealed with the assembly tool
and placed in a thermocycler (Perkin Elmer, Cambridge,
UK). RT was done by incubation of the sections with 50 ng
random primers, 1𝜇L 10mM dNTPs, water 15 𝜇L, 4 𝜇L 5x
first-strand buffer, 2 𝜇L 0.1M DTT, 1 𝜇L RNase OUT, and
200U of M-MLV RT (Invitrogen, Alameda, CA, USA) in
a thermocycler (Perkin Elmer) at 37∘C for 50min. PCR
reaction was performed with 1x reaction buffer (Invitro-
gen, Alameda, CA, USA), 1.5 U Taq polymerase, 2mmol/L
MgCl

2
, 40mmol/L dNTP, 0⋅2mmol/L dUTP-digoxigenin

(Boehringer Mannheim, Lewes, UK), and 60 pg each of
HSV-1 primers (5 CATCACCGACCCGGAGAGGGAC3
(sense) and 5GGGCCAGGCGCTTGTTGGTGTA3 (anti-
sense)).The slides were sealed with the assembly tool (Perkin
Elmer) and placed in a Touchdown Thermocycler (Perkin
Elmer, Cambridge, UK). cDNA was amplified as follows:
denaturation at 95∘C for 1min, annealing at 70∘C for 1min,
and extension at 72∘C for 1min, for 35 sequential cycles.
PCR products were detected with alkaline phosphatase-
conjugated sheep antibodies against digoxigenin (Roche
Mannheim Germany) diluted 1/500 and the chromogen
was 5-bromo-4-chloro-3-3 indolyl phosphate toluidine salt
and tetrazolium nitroblue (Boehringer Manheim) diluted
1/50. Sections were counterstained with nuclear fast red or
malachite green to avoid any interference with the blue signal
generated by HSV DNA. To avoid bias, one section from one
block from each individual was used in masked assays and
it was scored positive if the blue reaction product was seen.
One section from a patient with infection HSV-1 was used as
positive control. The negative controls included 5 biopsies of
esophagectomy from patients with squamous cell carcinoma
and were identified as noninfected patients (negative for
HSV-1 DNA).

2.11. Statistical Analysis. Descriptive statistics were per-
formed and categorical variables were compared using 𝑋2

test or Fisher’s exact test; for analysis of continuous variables
Student 𝑡-test was employed. One-way analysis of variance on
ranks by Holm-Sidak method was performed for both pair-
wise comparisons and comparison versus a control group.
Statistical analysis was done using the SigmaStat11.2 program
(Aspire Software International, Leesburg, VA, USA). Data
were expressed as the median, range, and mean ± standard
deviation (SD)/standard error of the mean (SEM). The 𝑃
values smaller than or equal to 0.05 were considered as
significant. This study conforms to STROBE statement along
with references to STROBE and the broader EQUATOR
guidelines [22].

2.12. Study Approval. This work was performed according
to the principles expressed in the Declaration of Helsinki.
The study was approved by the ethical committee from our
institution and awritten informed consentwas obtained from
all subjects.

3. Results

3.1. Demographic Data. The study included 32 patients with
idiopathic achalasia. Twenty-five percent of patients were
type I, 59% type II, and 16% type III achalasia. The mean
age of the patients was similar among the 3 types. Although
the female to male ratio was similar in type I (4/4), there
was a difference in sex ratio in types II (12/7) and III (4/1).
Two patients from type II achalasia group also had Sjögren’s
Syndrome and Guillain-Barre Syndrome, respectively. Two
patients from type III achalasia group also had Sjögren’s
Syndrome and ankylosing spondylitis. Demographic and
clinical variables and laboratory data from the healthy donors
(PBMCs), tissue control group (esophageal biopsies), and the
achalasia patients are described in Table 1.

3.2. Histological Findings. Esophageal muscle biopsies from
primary achalasia patients had abundant perineural inflam-
matory infiltrates, as well as an increase of endoneurial
connective tissue and myopathic changes. Histopathological
analysis showed capillaritis (51%), plexitis (23%), venulitis
(7%), fibrosis (3%), and nerve hypertrophy (16%) (Figures
1(a) and 1(b)).

3.3. Proteins Involved in Extracellular Matrix Turnover.
MMP-9 also known as 92 kDa gelatinase is involved in extra-
cellular matrix degradation in physiological and pathological
processes. The myenteric plexus of esophageal tissue from
achalasia patients showed a statistically significant increase in
MMP-9 percentage versus tissue control group. Nonetheless,
the number of MMP-9+ cells in types II and III achalasia was
higher when compared to type I achalasia (Table 2; Figures
1(c) and 1(d)).

TIMP-1 inhibits not only the proteolytic activity but
also apoptosis and induces cell proliferation. TIMP-1+ cell
percentage was higher in achalasia patients compared with
control group. Moreover, number of TIMP-1-producing cells
in types II and III achalasia was higher when compared to
type I achalasia (Table 2; Figures 1(e) and 1(f)).
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Table 1: Demographic, clinical, and laboratory variables.

Blood healthy donors Tissue control group Type I achalasia Type II achalasia Type III achalasia
(n = 20) (n = 5) (n = 8) (n = 19) (n = 5)

Age (years), mean ± SD 40.8 ± 10.1 72.2 ± 8.9∗ 44.2 ± 14.2 45.6 ± 16.3 45.0 ± 17.4
Sex, female/male 12/8 4/1 4/4 12/7 4/1
Disease evolution (months), mean ± SD ND ND 43.7 ± 12.2 36.9 ± 7.9 69.0 ± 35.8
Dysphagia (%) ND ND 100 95 100
Regurgitation (%) ND ND 86 94 80
Weight loss (%) ND ND 71 78 100
Pyrosis (%) ND ND 57 42 40
Other autoimmune diseases (%) ND ND 0 11 40

∗

ESR >20mmHg (%) ND ND 17 25 20
∗

𝑃 < 0.05; ND: Not determined.

3.4. Expression of Pro-Inflammatory/Anti-Fibrogenic Cytok-
ines. IL-22 belongs to the IL-10 superfamily. It initiates innate
immune response against pathogens in gut epithelial and
respiratory cells and regulates antibody production. IL-22+
cell percentage was conspicuously increased in myenteric
plexus of esophageal tissue samples when compared with
control group. However, IL-22+ cell number was increased in
type II and type III achalasia versus type I achalasia (Table 2;
Figures 2(a) and 2(b)).

IL-17 is defined as key mediator of inflammatory autoim-
mune diseases. It promotes recruitment of neutrophils, acti-
vation of innate immune cells, enhances B-cell functions, and
induces proinflammatory cytokines (TNF-𝛼, IL-1𝛽). IL-17A+
cell frequency was higher in myenteric plexus of esophageal
achalasia tissue patients versus control tissue. Moreover, a
higher immunoreactive cell numberwas found in types II and
III achalasia when compared with type I achalasia (Table 2;
Figures 2(c) and 2(d)).

Achalasia patients had significantly higher percentage of
IFN-𝛾/CD4 T cells versus control group. Nonetheless, levels
of IFN-𝛾/CD4 T cells were higher in types II and III achalasia
compared with type I achalasia (Table 2; Figures 2(e) and
2(f)).

3.5. Expression of Anti-Inflammatory/Profibrogenic Cytokines.
TGF-𝛽1 accomplishes many cellular functions including con-
trol of cellular growth, proliferation, differentiation, negative
regulation of inflammation, collagen synthesis, and apop-
tosis. Thus, myenteric plexus of esophageal biopsies from
idiopathic achalasia patients showed a significant increase on
TGF-𝛽1+ cell expression compared with control tissue. It is
important to highlight that types I and III achalasia patients
had higher percentage of immunoreactive cells versus type II
(Table 2; Figures 3(a) and 3(b)).

IL-4 is an anti-inflammatory cytokine that inhibits the
synthesis of IL-1𝛽, TNF-𝛼, IL-6, IL-17A, and so forth. It
regulates B-cell proliferation and differentiation, and it is also
a potent inhibitor of apoptosis. IL-4 is synthesized primarily
byTh2 cells. Achalasia patients had significantly higher IL-4+
cell percentage when comparedwith control group. However,
IL-4+ cell number was higher in type II and type III achalasia
versus type I achalasia (Table 2; Figures 3(c) and 3(d)).

IL-13 has similar functions to IL-4. However, it also
regulates type I collagen gene and thus participates in fibrosis.
Type II achalasia patients showed an increase in IL-13-
producing cells when compared with control tissue and types
I and III achalasia patients (Table 2; Figures 3(e) and 3(f)).

3.6. Regulatory Cells. Regulatory T cells (Tregs) are a spe-
cialized subpopulation of T cells that suppress the activation
of effector T cells. They maintain homeostasis and promote
tolerance to self-antigens. Achalasia patients showed a higher
Treg frequency in myenteric plexus of esophageal tissue
compared with tissue controls. Nonetheless, the highest Treg
cell percentage was found in type III achalasia versus types I
and II (Table 2; Figures 4(a) and 4(b)).

Recently, the presence of a B cell subpopulation with
regulatory capacity (Bregs) has been shown in humans. This
suppressive function has been attributed to IL-10 produc-
tion. Furthermore, Bregs promote T-cell differentiation to a
regulatory phenotype and induce remission of autoimmune
manifestations in murine models. The myenteric plexus of
esophageal biopsies obtained from achalasia patients had a
higher relative IL-10-producing B-cell percentage when com-
pared with tissues from control group. It is noteworthy that
type III achalasia patients showed a statistically significant
increase levels versus types I and II achalasia (Table 2; Figures
4(c) and 4(d)).

3.7. Fas Expression. FAS receptor, also known as apopto-
sis antigen 1 (CD95), is a 36KDa surface protein with
a cytoplasmic domain of “cell death.” Its binding to FAS
ligand induces complete apoptosis. The myenteric plexus
of esophageal biopsies from achalasia patients had higher
Fas-expressing cell frequency versus control tissue. Type III
achalasia patients had highest Fas+ cell percentage when
compared with types II and I achalasia (Table 2; Figures 4(e)
and 4(f)).

3.8. Percentage of Circulating CD4+ T-Cell Subpopulations.
To determine the different T-cell subpopulations, PBMCs
were immunophenotyped and analyzed by flow cytometry.
Relative percentage of circulating Th22 and Th17 cells from
achalasia patients was higher when compared with healthy
individuals. Type III achalasia patients showed an increment
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Figure 1: Proteins involved in extracellularmatrix turnover in achalasia. (a) Representative photomicrograph froma control and an idiopathic
achalasia tissue in which an abundant inflammatory infiltrate is observed. Original magnification was ×200. (b) Histological findings in
biopsies from achalasia patients. (c) Immunoreactive cells. Original magnification was ×320. (d) Results are expressed as mean (yellow line),
median (black line), and 5th/95th percentiles of MMP-9+ cells. (e) Immunohistochemistry for TIMP-1 in control and achalasia sections.
Arrows depict immunoreactive cells. Original magnification was ×320. (f) Results are expressed as mean (black line), median (yellow line),
and 5th/95th percentiles of TIMP-1+ cells.
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Table 2: Percentage of immunoreactive cells in achalasia patients.

Control group Type I achalasia Type II achalasia Type III achalasia
(n = 5) (n = 8) (n = 13) (n = 5)

Extracellular matrix turnover proteins
MMP-9 (%)

Mean ± SEM 13.6 ± 2.4 31.8 ± 2.2∗∗∗ 38.5 ± 0.9∗∗∗ 41.0 ± 1.5∗∗∗

Median 14.5 29.0 38.5 40.5
Range 2–25 23–45 29–47 35–48

TIMP-1 (%)
Mean ± SEM 14.1 ± 1.5 25.9 ± 2.4∗∗∗ 34.8 ± 1.6∗∗∗ 35.1 ± 4.4∗∗∗

Median 13.0 24.0 35.5 40
Range 5–22 13–40 21–46 18–50

Proinflammatory cytokines
IL-22 (%)

Mean ± SEM 5.4 ± 1.1 27.0 ± 1.3∗∗∗ 35.6 ± 1.6∗∗∗ 39.7 ± 2.1∗∗∗

Median 5.0 28.5 38.0 40.5
Range 2–14 17–32 27–48 31–52

IL-17A (%)
Mean ± SEM 4.7 ± 0.8 19.5 ± 1.5∗∗∗ 22.8 ± 0.6∗∗∗ 27.3 ± 1.3∗∗∗

Median 5.0 19.5 22.0 26.5
Range 1–8 11–29 19–31 22–35

CD4/IFN-𝛾 (%)
Mean ± SEM 3.8 ± 0.6 23.5 ± 1.1∗∗∗ 28.0 ± 0.7∗∗∗ 26.8 ± 0.7∗∗∗

Median 3.5 24.5 27.0 27.0
Range 2–8 16–29 22–36 23–30

Profibrogenic cytokines
TGF-𝛽1 (%)

Mean ± SEM 7.0 ± 0.9 33.1 ± 1.4∗∗∗ 27.9 ± 1.1∗∗∗ 32.7 ± 1.5∗∗∗

Median 7.0 34.0 28.0 33.5
Range 3–11 21–40 16–38 25–40

IL-4 (%)
Mean ± SEM 10.9 ± 1.6 21.2 ± 2.2∗∗∗ 32.8 ± 1.0∗∗∗ 31.4 ± 0.9∗∗∗

Median 11.0 18.0 33.0 32.0
Range 4–19 14–36 24–39 27–35

IL-13 (%)
Mean ± SEM 6.4 ± 1.2 13.7 ± 0.5∗∗∗ 20.0 ± 1.1∗∗∗ 15.9 ± 0.6∗∗∗

Median 6.5 13.5 21.0 15.5
Range 1–11 11–16 9–27 13–19

Regulatory cells
CD4/Foxp3 (%)

Mean ± SEM 12.8 ± 1.6 34.0 ± 2.1∗∗∗ 35.2 ± 2.6∗∗∗ 48.7 ± 2.3∗∗∗

Median 13.5 34.0 29.5 50.5
Range 6–20 18–50 22–58 32–56

CD20/IL-10 (%)
Mean ± SEM 8.0 ± 1.2 23.7 ± 1.1∗∗∗ 22.6 ± 0.8∗∗∗ 28.7 ± 2.9∗∗∗

Median 7.5 24.0 21.0 28.5
Range 2–16 16–29 18–33 14–42

Apoptosis
FAS (%)

Mean ± SEM 10.5 ± 1.7 28.1 ± 1.3∗∗∗ 29.2 ± 1.5∗∗∗ 38.3 ± 3.7∗∗∗

Median 10 27.0 30.0 35.0
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Table 2: Continued.

Control group Type I achalasia Type II achalasia Type III achalasia
(n = 5) (n = 8) (n = 13) (n = 5)

Range 3–19 23–36 11–41 22–56
∗

𝑃 < 0.05 control versus achalasia patients.
∗∗

𝑃 < 0.01 control versus achalasia patients.
∗∗∗

𝑃 < 0.001 control versus achalasia patients.

versus type I and II achalasia patients (Table 3; Figures 5(a)
and 5(b)).

Regarding theTh2 cells, there was a significant increase in
type III achalasia patients versus type I (Table 3; Figure 5(c)).

On the other hand, relative percentage of Th1 cells was
higher in type II achalasia patients when compared with type
I (Table 3; Figure 5(d)).

Finally, Tregs showed a statistically significant increase
only in type III achalasia patients (Table 3; Figure 5(e)).

3.9. Antibodies against Myenteric Plexus. The prevalence of
nuclear or cytoplasmic circulating autoantibodies against
myenteric plexus in the sera from idiopathic achalasia
patientswas 100% (14/14) comparedwith healthy donors (0%)
(Figure 6(a)). Most antibodies were positive against nuclei
and nucleolus in myenteric plexus (Figure 6(a)).

3.10. Immunoblot Analysis. By immunoblot analysis, it was
determined that 69% (9/13) of sera were positive to PNMA2
(Ma-2/Ta) antigen. Only one serum was labelled to recoverin
(Figure 6(b)).

3.11. In Situ Viral Infection and Active Replication of HSV-
1. HSV-1 DNA (viral infection), RNA (active replication),
and virus were detected in all tissues (14/14) from achalasia
patients by PCR (Figure 7(a)), RT-PCR (Figure 7(b)), and
immunohistochemistry (Figure 7(c)), but not in control tis-
sues. It is noteworthy that only one (1/14) and two (2/14)
achalasia patients were cytomegalovirus- and Epstein-Barr
virus-positive, respectively (data not shown).

4. Discussion

Idiopathic achalasia is an inflammatory disease caused by the
loss of the inhibitory neurons of the esophageal myenteric
plexus. Etiology of the myenteric plexus inflammation is still
unknown [23]. Nevertheless, based on the evidence obtained
in our research, it is possible to postulate an etio- and
physiopathogenic mechanism for achalasia.

Initial event that triggers disease appears to be the
result of a repetitive insult produced by neurotropic virus
infection, likely HSV-1 [12, 13, 24–26], which induces a
conspicuous and persistent inflammation at the perineu-
ral level, in Auerbach’s plexus. Not all infected patients
develop achalasia. Thus, it is not preposterous to suggest
that only those individuals with genetic predisposition to
develop a chronic autoinflammatory response will progress
to the disease [13]. In fact, there are many studies that

showed a positive association for the class II HLA antigen,
including DQw1, DQA1∗0103, DQB1∗0601, DQB1∗0602,
DQB1∗0603, DQB1∗0601, DQB1∗0502, and DQB1∗0503
alleles in Caucasians [4, 17, 27–29]. Furthermore, it has been
demonstrated in 1,068 cases of achalasia from central Europe,
Spain, and Italy that an eight-residue insertion at position
227–234 in the cytoplasmic tail of HLA-DQ𝛽1 (encoded
by HLA-DQB1∗05:03 and HLA-DQB1∗06:01) confers the
strongest risk for achalasia. In addition, two amino acid
substitutions in the extracellular domain of HLA-DQ𝛼1
at position 41 (lysine encoded by HLA-DQA1∗01:03) and
of HLA-DQ𝛽1 at position 45 (glutamic acid encoded by
HLA-DQB1∗03:01 and HLA-DQB1∗03:04) independently
confer achalasia risk [29].

In addition, destruction of inhibitory ganglionic cells due
to the abundant autoimmune inflammatory infiltrates, hyper-
trophy, and neuronal fibrosis during disease progression is
found [30]. In most of the cases, pathology is accompanied
by the presence of neuronal autoantibodies [18, 21] that
contribute to the destruction of the myenteric plexus [31, 32]
as previously has been demonstrated by Bruley des Varannes
et al., where serum from achalasia patients but not from
gastroesophageal reflux disease can induce phenotypic and
functional changes in myenteric neurons which reproduce
the characteristics of the disease and discard the fact that
these autoantibodies could be an epiphenomenon [2].

In this study we determined in situ viral infection and
active replication of HSV-1 but not CMV or EBV (data not
shown) along myenteric plexus. HSV-1 preferential ports of
entry are represented by the perioral and the esophageal
mucosa. Furthermore, herpes viruses exhibit a strong tropism
for nerve fibers and following the primary exposure, the
viruses remain in a latent form in the nucleus of neurons
[12]. Thus, one of the potential triggers for the development
of immune-mediated diseases is an infection. In particular,
in autoimmune diseases, characterized by immune-mediated
inflammation to self-antigens, it has been established that
viral or bacterial infections may trigger the cascade of events
in genetic susceptible patients. Viral infection induce an
increase in the amount of T-cell population infiltrates when
comparedwith the controls and healthy donors, locally (biop-
sies) and systemically (circulating cells). To our knowledge,
this is the first study that evaluates the presence of twoCD4T-
cell subpopulations involved in autoimmune inflammation,
Th22 and Th17 cells. Th17 cells synthesize IL-17A, IL-17F,
IL-21, and so forth and have been demonstrated in autoim-
mune disease such as Sjögren’s syndrome, multiple sclerosis,
psoriasis, autoimmune uveitis, juvenile diabetes, rheumatoid
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Figure 2: Proinflammatory/antifibrogenic cytokine expression in achalasia. Immunohistochemistry for (a) IL-22, (c) IL-17, and (e) CD4/IFN-
𝛾 T cells in control and achalasia sections. Arrows depict immunoreactive cells. Original magnification was ×320. Results are expressed as
mean (yellow line), median (black line), and 5th/95th percentiles of (b) IL-22+, (d) IL-17+, and (f) CD4/IFN-𝛾+ T cells.
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Figure 3: Anti-inflammatory/profibrogenic cytokine expression in achalasia. Immunohistochemistry for (a) TGF-𝛽1, (c) IL-4, and (e) IL-13
cells in control and achalasia sections. Arrows depict immunoreactive cells. Original magnification was ×320. Results are expressed as mean
(yellow line), median (black line), and 5th/95th percentiles of (b) TGF-𝛽1+, (d) IL-4+, and (f) IL-13+ cells.



Journal of Immunology Research 11

CD25/Foxp3
Control Achalasia

(a)

0

10

20

30

40

50

60

CD
25

/F
ox

p3
 im

m
un

or
ea

ct
iv

e c
el

ls 
(%

) 

<0.001 <0.001 <0.001

0.001

0.001

Mean
Median
Control (n = 5)

Type I achalasia (n = 8)

Type II achalasia (n = 13)

Type III achalasia (n = 5)

(b)

CD20/IL-10
Control Achalasia

(c)

0

10

20

30

40

50

60

CD
20

/IL
-1

0 
im

m
un

or
ea

ct
iv

e c
el

ls 
(%

)

<0.001 <0.001 <0.001

0.006

0.049

Mean
Median
Control (n = 5)

Type I achalasia (n = 8)

Type II achalasia (n = 13)

Type III achalasia (n = 5)

(d)

FASControl Achalasia

×320

(e)

0

10

20

30

40

50

60

FA
S 

im
m

un
or

ea
ct

iv
e c

el
ls 

(%
)

<0.001 <0.001 <0.001

0.008

0.006

Mean
Median
Control (n = 5)

Type I achalasia (n = 8)

Type II achalasia (n = 13)

Type III achalasia (n = 5)

(f)

Figure 4: Regulatory cells and apoptosis in achalasia. Immunohistochemistry for (a) CD25/Foxp3 T cells, (c) CD20/IL-10 B cells, and (e)
FAS cells in control and achalasia sections. Arrows depict immunoreactive cells. Original magnification was ×320. Results are expressed as
mean (yellow line), median (black line), and 5th/95th percentiles of (b) CD25/Foxp3+ T cells, (d) CD20/IL-10+ B cells, and (f) FAS+ cells.
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Table 3: Percentage of Th22-, Th17-, Th2-, Th1-, and Tregs-circulating cells in achalasia patients.

Healthy donors Type I achalasia Type II achalasia Type III achalasia
(n = 20) (n = 6) (n = 8) (n = 5)

IL-22-expressing T cells
(Th22 %)
CD3+/CD4+/CD161−/IL-22+

Mean ± SEM 1.3 ± 0.1 6.4 ± 0.7∗∗∗ 5.9 ± 0.9∗∗∗ 11.4 ± 0.7∗∗∗

Median 1.4 6.1 5.7 11.3

Range 0.4–2.7 5.1–8.9 3.3–9.4 9.5–13.8

IL-17A-expressing T cells
(Th17 %)
CD3+/CD4+/CD161+/IL-17A+

Mean ± SEM 1.6 ± 0.1 4.2 ± 0.1∗∗∗ 6.2 ± 0.6∗∗∗ 9.4 ± 0.6∗∗∗

Median 1.7 4.1 6.4 10.0

Range 0.6–2.7 3.8–6.7 4.0–8.2 7.2–10.6

IL-4-expressing T cells
(Th2 %)
CD3+/CD4+/CD14−/IL-4+

Mean ± SEM 1.6 ± 0.2 2.3 ± 1.1 5.0 ± 0.5∗∗∗ 3.6 ± 0.5∗∗∗

Median 1.6 2.5 4.7 4.2

Range 0.2–2.6 1.5–7.83 3.8–7.2 2.0–4.6

IFN-𝛾-expressing T cells
(Th1 %)
CD3+/CD4+/CD14−/IFN-𝛾+

Mean ± SEM 1.7 ± 0.1 2.8 ± 0.5 3.4 ± 0.3∗∗∗ 3.4 ± 0.5∗∗∗

Median 1.7 2.6 3.2 3.7

Range 0.7–3.0 1.8–4.2 2.7–4.6 2.1–4.7

Foxp3-expressing T cells
(Tregs %)
CD3+/CD4+/CD25hi/Foxp3+

Mean ± SEM 5.2 ± 0.4 4.3 ± 0.6 5.9 ± 0.6 10.7 ± 0.9∗∗∗

Median 4.6 4.2 6.1 10.8

Range 2.3–7.3 2.5–6.2 3.7–7.2 7.7–12.8
∗

𝑃 < 0.05 control versus achalasia patients.
∗∗

𝑃 < 0.01 control versus achalasia patients.
∗∗∗

𝑃 < 0.001 control versus achalasia patients.

arthritis, and Crohn’s disease [15, 16, 20, 33, 34]. On the other
hand,Th22 synthesizes primarily IL-22. It plays an important
role in the pathogenesis of many autoimmune disorders,
such as psoriasis, rheumatoid arthritis, Sjögren’s syndrome,
hepatitis, graft versus host disease, and allergic diseases [16,
35]. IL-17A-and IL-22-producing cells were the main cellular
components of the inflammatory foci in achalasia tissue. In
addition, an increase in relative percentage of circulating
Th17 andTh22 cells was observed in achalasia patients when
compared with healthy controls. These data strongly suggest
that achalasia is also an autoimmune disease. Moreover, four
of our achalasia patients had other autoimmune diseases such

as Sjögren’s syndrome (2), ankylosing spondylitis (1), and
Guillain-Barre syndrome (1) suggesting that achalasia has an
autoimmune component [4]. Finally, it has been reported that
a severe recurrent achalasia cardia patient who responded to
treatment of autoimmune acquired hemophilia with high-
dose steroid therapy administered for 7 months without
recurrence of the achalasia for more than 2 years. Thus,
response of the achalasia to immunosuppressive therapy also
suggests that achalasia is an autoimmune disorder [36].

Regarding types of achalasia, we hypothesized (a) that
type III could be a more aggressive disease, (b) that type II
achalasia is an earlier stage of a continuum natural history
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Figure 5: CirculatingCD4+ T-cell subsets in achalasia. Relative percentage of circulating (a)Th22, (b)Th17, (c)Th2, (d)Th1, and (e) regulatory
T cells. Results are expressed as mean (yellow line), median (black line), and 5th/95th percentiles of T cells.

of the disease that evolves into type I, whereas type III
could represent the earliest stage of the disease, or (c) that
type III could be a disease with different physiopathology
[5, 37]. In this context, we determine that achalasia type II
has an increment of IL-22, IL-17A,Th1 cell percentage and IL-
4- and IL-13-producing cells (potentially anti-inflammatory
and profibrogenic cytokines, resp.) when compared with
type I achalasia. This supports that type II achalasia is an
active pathologic process in an earlier stage of the disease.
Whereas in situ IL-17A-, CD25/Foxp3-, CD20/IL-10-, and
FAS-producing cells and Th22, Th17, and Tregs peripheral
cells are significantly higher in type III achalasia when
compared with the other groups. Moreover, the concomitant
presence of inflammatory (IL-17, IL-22) and regulatory cells
(Tregs and IL-10-producing B cells) suggests that the proin-
flammatory and regulatory balance favors the former with
the incapacity of the latter in trying to maintain homeostasis.
Conversely the, as yet unknown, persistent inflammatory
trigger surpasses the regulatory potential of Foxp3 T cells

and CD20/IL-10 B cells, conducting to a more vigorous tissue
damage characterized by an increase of MMP-9 and TIMP-1.

Finally, significant increase of autoantibodies against
myenteric plexus in all the patients with achalasia also
supports the hypothesis of an autoimmune mechanism. In
order to characterize protein targets of circulating anti-
myenteric autoantibodies, we used immunoblot analysis on
primate cerebellum and myenteric plexus protein extract to
establish whether achalasia sera with nuclear reactivity bind
to proteins of a givenmolecular weight. A 69% of sera reacted
with PNMA2/Ta (Ma2/Ta) and 8% reacted with recoverin
antigen (Figure 6). To our knowledge, this is the first study
that describes the specificity of anti-myenteric autoantibodies
to Ma2/Ta protein, which are related to Sjögren’s syndrome.
However, we do not discard the possibility of the presence of
other autoantibodies with different antigenic specificity, for
example, GAD 65 [18].

There are potential limitations to the current study. First,
studies of HLA association in Mexican Mestizo patients are
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Figure 6: Anti-myenteric plexus antibodies and antigenicity. (a) Indirect immunofluorescence of monkey intestinal tissue containing
Auerbach’s plexus. Arrows show positive fluorescent nuclei and cytoplasm of cells that were recognized by circulating anti-myenteric plexus
autoantibodies from achalasia patients (right panel). (b) Profile of neuronal antigens (antigens on membrane strips). Arrow in upper strip
shows circulating autoantibodies against PNMA2 (Ma2/Ta) antigen. Arrow in lower strip shows circulating antibodies against recoverin
antigen.

needed for a better understanding of the disease. Second, this
work was a cross-sectional study. Thus, longitudinal studies
are required to provide the basis for the search of specific
biomarkers that contribute to early diagnosis of the disease
[38].

Summing up, our results suggest that achalasia is a
disease with an important local inflammatory and systemic
autoimmune component [35]. This autoimmune response
appears to be associated with the presence of HSV-1 and
related to the high prevalence of specific autoantibodies
against the myenteric plexus (Figure 8).

Our results shed further light into the preponderant
autoimmune inflammation and the possible role of viral
infection and certainly deserve to be studied in depth in order
to evaluate the nature of genetic predisposition to the disease
development. Our data may contribute to the identification
of important disease cell and cytokine targets in achalasia,
which finally may result in improved therapeutic manage-
ment, for example, immunosuppressive therapy. Moreover,
our findings may provide the basis for the search of specific
biomarkers that contribute to early diagnosis of the disease.

Significance of This Study

What Is Already Known onThis Subject?

(i) Idiopathic achalasia is a rare esophageal motor disor-
der characterized by loss of myenteric plexus. Acha-
lasia is postulated to be an autoimmune disease.

(ii) The presence of circulating anti-myenteric autoanti-
bodies has been reported.

(iii) Some studies have implicated viral agents in the
etiology and pathogenesis of the disease

What Are the New Findings?

(i) An increased percentage of two CD4+ T-cell sub-
populations related to autoimmune diseases, Th17
and Th22, were identified in peripheral cells and
their cytokines were detected in the inflammatory
infiltrates of the lower esophageal sphincter biopsies
from achalasia patients.

(ii) Circulating anti-myenteric autoantibodies, predom-
inantly directed against PNMA2 (Ma-2/Ta) antigen,
were detected in sera from achalasia patients.

(iii) HSV-1 DNA (viral infection), RNA (active replica-
tion), and virus were detected in the lower esophageal
sphincter biopsies from achalasia patients.

How Might It Impact on Clinical Practice in
the Foreseeable Future?

(i) Our data may contribute to the identification of
important disease cell and cytokine targets in achala-
sia, which finally may result in improved therapeutic
management, for example, immunosuppressive ther-
apy.
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Figure 7: HSV-1 identification. (a) In situ hybridization. Arrows depict achalasia tissue with viral infection. (b) In situ RT-PCR for active
replication of HSV-1. Arrows show antigen detection of HSV-1 infected cells in a skin lesion (positive control) and achalasia tissue.
Original magnification was ×200. (c) Immunohistochemistry for antigen HSV-1 detection. Arrows depict immunoreactive cells. Original
magnification was ×320.



16 Journal of Immunology Research

pDC
Th1Genetic predisposition

Nonautoimmune
inflammatory infiltrates

Th1 
Tregs
Bregs

pDCregs

Humoral response
(anti-Ma/2Ta, anti-recoverin 

autoantibodies, etc.

Apoptosis of
neurons

Chronic infectious insult
(HSV-1, varicella zoster, 

measles, bornavirus, etc.) 

Loss of immunological 
tolerance

Autoimmune inflammatory 
infiltrates

Th22
Th17
Tregs
Bregs

pDCregs

Myenteric neuron 
abnormalities

Plexitis
Ganglionitis
Vasculitis

Absence of peristalsis
Impaired relaxation of 

lower esophageal sphincter 

Extracellular turnover
Wound repair

Fibrosis
MMP/TIMP-1

Th1
Th2

Tregs
Bregs
pDCs

Th22

Th1ThTh
Breg

pDCTh2
Th2

pDC

gggggggggggggg

Th2

Th2
Th1

pDC
Th2

Th1

Th17
Th22

Th17

Breg

B

?

Th1ThTh
Breg

pDC Th1
Th1Th1Th11

Th1Th2

Achalasia 8

7

6

5

4

3

1

2

4

TGF-𝛽1/IL-4/IL-13

(HLA-DQ𝛽1, DQ𝛼1, etc.)

Treg

Treg

Treg

Treg

Treg

Treg

2

2 Breg

Th17
Th22

Figure 8: Proposed model of achalasia pathophysiology. (1) Active or latent infectious insult in achalasia is strongly suggested by several
studies. Some neurotropic viruses such as the herpes family of viruses have predilection for squamous epithelium andmay cause ganglion cell
damage that is limited to the esophagus. (2) Some individuals with genetic predisposition will develop an aggressive inflammatory response.
(3) At very early stage of the disease, it is possible that inflammatory infiltrates may be predominantly composed of Th1, Th2, and regulatory
cell subsets (Tregs, Bregs, and plasmacytoid dendritic cells (pDCs)). (4) Repair of tissue after injury requires orchestrated coordination of
several cell types and biosynthetic processes and is coordinated by an interacting group of pro- and anti-inflammatory cytokines, fibrous
extracellular matrix (ECM) proteins to replace lost or damaged tissue, and products of metabolism such as oxygen radicals. The most
prominent profibrogenic cytokines are TGF𝛽, IL-4, and IL-13. ECM alsomediates cellular crosstalk and does so in two ways. Newly deposited
ECM is then rebuilding over time to emulate normal tissue. Matrix proteinases and their inhibitors (TIMPs) also are important, both during
wound repair, tissue remodeling, and fibrosis. (2, 5) If steps 1–4 happen repeatedly, chronic infection, only those individuals with genetic
predisposition to develop a long-lasting autoinflammatory response will progress to develop the disease (loss of peripheral tolerance). Thus,
autoinflammatory infiltrates are predominantly composed ofTh22,Th17, and regulatory subpopulations. (6) Degeneration and significant loss
of nerve fibers, associated with autoinflammatory infiltrates of the myenteric plexus, provide evidence of an immune mediated destruction
of the inhibitory neurons, not only by necrosis but also by apoptosis (Fas/FasL overexpression). (7) Autoimmune etiology of achalasia is
further supported by the presence of anti-myenteric autoantibodies in sera. (8) Pathophysiologically, achalasia is cause by autoinflammation,
degeneration of nerves in the esophagus, plexitis, abnormalities inmicrovasculature, ganglionitis, and finally by the loss of inhibitory ganglion
in the myenteric plexus.

(ii) Our findings may provide the basis for the search of
specific biomarkers that contribute to early diagnosis
of the disease.

Abbreviations

AP: Alkaline phosphatase
APC: Allophycocyanin
Bregs: Regulatory B cells
CD: Cluster differentiation
cDNA: Complementary DNA

DAB: Diaminobenzidine
dNTPs: Deoxyribonucleotide triphosphate
DTT: Dithiothreitol
dUTP: Deoxyuridine triphosphate
ESR: Erythrocyte sedimentation rate
FITC: Fluorescein isothiocyanate
FMO: Fluorescence minus one
Foxp3: Forkhead box P3
HCV: Hepatitis C virus
HD: Healthy donors
HIV: Human immunodeficiency virus



Journal of Immunology Research 17

HRM: High-resolution manometry
HRP: Horseradish peroxidase
HSV-1: Herpes simplex virus-1
IFN-𝛾: Interferon-gamma
IL: Interleukin
LES: Lower esophageal sphincter
LINK: Dextran polymer coupled with secondary

antibodies against mouse and rabbit
immunoglobulins

MgCl
2
: Magnesium chloride

M-MLV: Moloney murine Leukemia virus enzyme
MMP-9: Matrix metalloproteinase-9
PBMCs: Peripheral blood mononuclear cells
PCR: Polymerase chain reaction
PE: Phycoerythrin
PeCy5: Phycoerythrin cychrome 5
RT: Reverse transcription
SD: Standard deviation
SEM: Standard error of the mean
TGF-𝛽1: Transforming growth factor-beta
Th: T helper cells
TIMP-1: Tissue inhibitor of metalloproteinase-1
Tregs: Regulatory T cells.

Conflict of Interests

The authors declare that there is no conflict of interests.

Authors’ Contribution

J. Furuzawa-Carballeda is responsible for study concept and
design, acquisition of data, analysis and interpretation of data,
drafting of the paper, critical revision of the paper for impor-
tant intellectual content, statistical analysis, and technical
support and obtained funding. D. Aguilar-León contributed
to the acquisition of data, analysis and interpretation of
data, critical revision of the paper for important intellec-
tual content, and technical support. A. Gamboa-Domı́nguez
performed study design, acquisition of data, analysis and
interpretation of data, critical revision of the paper for
important intellectual content, and technical support. M. A.
Valdovinos contributed to study design, analysis and inter-
pretation of data, critical revision of the paper for important
intellectual content, and technical support. C. Nuñez-Álvarez
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Scandinavian Journal of Immunology, vol. 80, no. 6, pp. 432–440,
2014.



18 Journal of Immunology Research

[17] A. Ruiz-de-León, J. Mendoza, C. Sevilla-Mantilla et al., “Myen-
teric antiplexus antibodies and class II HLA in achalasia,”
Digestive Diseases and Sciences, vol. 47, no. 1, pp. 15–19, 2002.

[18] R. E. Kraichely, G. Farrugia, S. J. Pittock, D. O. Castell, and V.
A. Lennon, “Neural autoantibody profile of primary achalasia,”
Digestive Diseases and Sciences, vol. 55, no. 2, pp. 307–311, 2010.

[19] A. J. Bredenoord, M. Fox, P. J. Kahrilas, J. E. Pandolfino, W.
Schwizer, and A. J. P. M. Smout, “Chicago classification criteria
of esophageal motility disorders defined in high resolution
esophageal pressure topography,” Neurogastroenterology and
Motility, vol. 24, supplement 1, pp. 57–65, 2012.

[20] J. Furuzawa-Carballeda, G. Fonseca-Camarillo, G. Lima, and
J. K. Yamamoto-Furusho, “Indoleamine 2,3-dioxygenase:
expressing cells in inflammatory bowel disease—a cross-
sectional study,” Clinical and Developmental Immunology, vol.
2013, Article ID 278035, 14 pages, 2013.

[21] M. Kallel-Sellami, S. Karoui, H. Romdhane et al., “Circulating
antimyenteric autoantibodies in Tunisian patients with idio-
pathic achalasia,” Diseases of the Esophagus, vol. 26, no. 8, pp.
782–787, 2013.

[22] I. Simera, D. Moher, J. Hoey, K. F. Schulz, and D. G. Altman, “A
catalogue of reporting guidelines for health research,” European
Journal of Clinical Investigation, vol. 40, no. 1, pp. 35–53, 2010.

[23] W. Park and M. F. Vaezi, “Etiology and pathogenesis of
achalasia: the current understanding,”The American Journal of
Gastroenterology, vol. 100, no. 6, pp. 1404–1414, 2005.

[24] H. Niwamoto, E. Okamoto, J. Fujimoto, M. Takeuchi, J.-I.
Furuyama, and Y. Yamamoto, “Are human herpes viruses or
measles virus associated with esophageal achalasia?” Digestive
Diseases and Sciences, vol. 40, no. 4, pp. 859–864, 1995.

[25] E. Sinagra, E. Gallo, F. Mocciaro et al., “JC virus, helicobacter
pylori, and oesophageal achalasia: preliminary results from a
retrospective case-control study,” Digestive Diseases and Sci-
ences, vol. 58, no. 5, pp. 1433–1434, 2013.

[26] D. Ganem, A. Kistler, and J. DeRisi, “Achalasia and viral
infection: new insights from veterinary medicine,” Science
Translational Medicine, vol. 2, no. 33, Article ID 33ps24, 2010.

[27] A. Latiano, R. de Giorgio, U. Volta et al., “HLA and enteric
antineuronal antibodies in patients with achalasia,” Neurogas-
troenterology & Motility, vol. 18, no. 7, pp. 520–525, 2006.

[28] R. K.H.Wong, C. L.Maydonovitch, S. J.Metz, and J. R. Baker Jr.,
“Significant DQw1 association in achalasia,” Digestive Diseases
and Sciences, vol. 34, no. 3, pp. 349–352, 1989.

[29] I. Gockel, J. Becker, M. M. Wouters et al., “Common variants
in the HLA-DQ region confer susceptibility to idiopathic
achalasia,” Nature Genetics, vol. 46, no. 8, pp. 901–904, 2014.

[30] H. Akiho, E. Ihara, Y.Motomura, and K. Nakamura, “Cytokine-
induced alterations of gastrointestinal motility in gastrointesti-
nal disorders,” World Journal of Gastrointestinal Pathophysiol-
ogy, vol. 2, no. 5, pp. 72–81, 2011.

[31] R. Dhamija, K. M. Tan, S. J. Pittock, A. Foxx-Orenstein, E.
Benarroch, and V. A. Lennon, “Serologic profiles aiding the
diagnosis of autoimmune gastrointestinal dysmotility,” Clinical
Gastroenterology and Hepatology, vol. 6, no. 9, pp. 988–992,
2008.

[32] P. L. Moses, L. M. Ellis, M. R. Anees et al., “Antineuronal anti-
bodies in idiopathic achalasia and gastro-oesophageal reflux
disease,” Gut, vol. 52, no. 5, pp. 629–636, 2003.

[33] T. Korn, E. Bettelli, M. Oukka, and V. K. Kuchroo, “IL-17 and
Th17 cells,” Annual Review of Immunology, vol. 27, pp. 485–517,
2009.

[34] J. Furuzawa-Carballeda, G. Lima, J. Jakez-Ocampo, and L.
Llorente, “Indoleamine 2,3-dioxygenase-expressing peripheral
cells in rheumatoid arthritis and systemic lupus erythematosus:
a cross-sectional study,” European Journal of Clinical Investiga-
tion, vol. 41, no. 10, pp. 1037–1046, 2011.

[35] X. Yang and S. G. Zheng, “Interleukin-22: a likely target for
treatment of autoimmune diseases,”Autoimmunity Reviews, vol.
13, no. 6, pp. 615–620, 2014.

[36] H. Al-Jafar, M. Laffan, S. Al-Sabah, M. Elmorsi, M. Habeeb,
and F. Alnajar, “Severe recurrent achalasia cardia responding to
treatment of severe autoimmune acquired haemophilia,” Case
Reports in Gastroenterology, vol. 6, no. 3, pp. 618–623, 2012.

[37] P. J. Kahrilas and G. Boeckxstaens, “The spectrum of achalasia:
lessons from studies of pathophysiology and high-resolution
manometry,”Gastroenterology, vol. 145, no. 5, pp. 954–965, 2013.

[38] I. Gockel, M. Müller, and J. Schumacher, “Achalasia—a disease
of unknown cause that is often diagnosed too late,” Deutsches
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