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Abstract. Esophageal achalasia is characterized by abnormal 
peristaltic movements of the esophageal body and impaired 
relaxation of the lower esophageal sphincter (LES). However, 
its etiology remains unknown. In our previous study, it was 
shown that in the LES of patients with achalasia, hsv1‑miR‑H1 
was overexpressed, ATG16L1 expression was downregulated 
and interleukin (IL)‑1β levels were upregulated. However, 
systemic features were not evaluated. Herein, the plasma cyto‑
kine levels in patients with achalasia were determined. Plasma 
was collected from patients at Nagasaki University Hospital 
between February 2013 and March 2016, both before and after 
peroral endoscopic myotomy (POEM). Cytokine analysis 
was performed using plasma collected from 10 healthy indi‑
viduals (control group) and 12 patients with achalasia using 
the Bio‑Plex Pro™ Human Cytokine 27‑plex assay kit. The 
levels of IL‑17, IL‑1β, C‑C motif chemokine ligand 2, IL‑4, 
IL‑5, IL‑1ra, IL‑7, IL‑12, interferon‑γ, IL‑2, fibroblast growth 
factor‑2, colony‑stimulating factor (CSF)2 and CSF3 were 
significantly higher in patients with achalasia compared with 
the control subjects. However, the levels did not differ between 
plasma samples collected before and after POEM. Thus, the 
occurrence of a cytokine storm was confirmed in the patients 
with achalasia.

Introduction

Esophageal achalasia, a typical esophageal dyskinesia, is 
characterized by impaired relaxation of the lower esophageal 
sphincter (LES), as well as abnormal peristaltic movements 

of the esophageal body. Esophageal achalasia can impair the 
ability to digest food and thus reduce a patient's quality of 
life. Human herpes virus 1 encoded microRNAs have been 
identified in biopsy samples of the LES muscle during peroral 
endoscopic myotomy (POEM) for esophageal achalasia (1‑3). 
The disease was first reported ~300 years ago, but its under‑
lying cause remains unknown (4). Current treatment strategies 
employ various methods, including endoscopic balloon dilata‑
tion, botulinum toxin injection, laparoscopic Heller myotomy, 
and surgical resection of the affected esophagus in advanced 
and severe cases (5). Recently, POEM has been established 
as a minimally invasive method for treating achalasia (6). 
This treatment is effective and safe, even in elderly patients, 
and exhibits favorable short‑ and long‑term prognoses (6,7). 
Sato et al (8) performed peroral endoscopic biopsies of the 
muscular layer termed POEM‑b, with histopathological 
and immunohistochemical analysis of POEM‑b samples 
showing signs of neurodegeneration rather than inflammatory 
infiltration into the muscle layer (8). Based on the Chicago clas‑
sification criteria (9,10), high‑resolution manometry revealed 
that patients with type III achalasia tended to exhibit preserved 
interstitial cells of Cajal, whereas patients with type I achalasia 
were more likely to present with more severe fibrosis (8,11).

The proposed causative factors for achalasia are diverse 
and multifactorial, with complex interactions between auto‑
immune and inflammatory responses that can be initiated by 
viral infections in genetically susceptible patients (2). One 
causative agent includes the herpes simplex virus (HSV), a 
neurotrophic virus that predominates in squamous epithelium, 
varicella‑zoster virus, measles virus and human papilloma‑
virus (4,5,7,12). In addition, HSV type 1 (HSV 1) DNA and 
RNA have been detected in the tissues of all patients with 
achalasia, but not in the tissues of control subjects (13). 
Therefore, HSV 1 infection may be significantly associated 
with the development and/or progression of achalasia.

In our previous study, it was shown that the viral agents 
hsv1‑miR‑H1 and hsv1‑miR‑H18, which are neurotropic 
HSV‑1‑derived biomolecules, were overexpressed in the 
LES muscle of Japanese achalasia cohorts (1). Furthermore, 
ATG16L1 expression was lower, whereas interleukin (IL)‑1β 
expression was higher in the LES of patients with achalasia 
compared with that of the control subjects. Therefore, 
ATG16L1 may be targeted by hsv1‑miR‑H1, and the down‑
regulation of ATG16L1 may be related to the inflammatory 
response (14).
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However, these data were collected from studies conducted 
on LES tissues and not from the plasma of patients with acha‑
lasia. Similarly, tissue cytokine analysis reports for patients 
with achalasia are available. IL‑17 is produced by 17 subsets 
of T helper (Th) and is an essential mediator of autoinflamma‑
tory diseases. The frequency of IL‑17A‑secreting cells in the 
intestinal plexus of peripheral cells and esophageal tissue is 
reportedly higher in patients with achalasia compared with the 
control subjects (5,13). IL‑4 is an anti‑inflammatory cytokine 
synthesized primarily by Th2 cells and it inhibits the synthesis 
of IL‑1β, tumor necrosis factor (TNF)‑α, IL‑6 and IL‑17. 
Moreover, patients with achalasia have a significantly higher 
proportion of circulating and tissue IL‑4+ cells compared with 
the control subjects (5,13). IL‑13 has exhibits similar functions 
to that of IL‑4, as well as regulating the type I collagen gene, 
and it is therefore involved in fibrosis. Its expression pattern 
in patients with achalasia is similar to that of IL‑4 (5,13). 
Furthermore, interferon (IFN)‑γ released from Th1 cells 
is essential for regulating immune responses. Patients with 
achalasia have a significantly higher proportion of circulating 
and tissue IFN‑γ+/ CD4+ T cells compared with the control 
subjects (5,13).

Cytokine storms are reportedly associated with a variety 
of infectious and non‑infectious diseases. COVID‑19, which 
is caused by SARS‑CoV‑2, is a potentially deadly disease that 
has sparked a global pandemic. Blood cytokine and chemo‑
kine levels are significantly higher in patients with COVID‑19, 
including IL‑1β, IL‑1ra, IL‑7, IL‑8, IL‑9, IL‑10, fibroblast growth 
factor‑2 (FGF2), colony‑stimulating factor (CSF)3 [a granulo‑
cyte‑macrophage colony‑stimulating factor (GM‑CSF)], CSF2 
(a GM‑CSF), IFN‑γ, CXCL10 (IP‑10), chemokine (C‑C motif) 
ligand 2 [CCL2 or monocyte chemoattractant protein 1 
(MCP1)], CCL3 (also known as MIP1α), CCL4 (also known 
as MIP1β), platelet‑derived growth factor (PDGF)‑BB, TNF‑α 
and vascular endothelial factor (VEGF) (15‑17). Some severe 
cases admitted to the intensive care unit exhibited high levels 
of inflammatory cytokines, including IL‑2, IL‑7, IL‑10, CSF3, 
CXCL10, CCL2, CCL3 and TNF‑α (15‑17). However, the 
concept of cytokine storms, as well as the biological effects of 
cytokine overproduction, remain poorly defined.

As mentioned above, cytokines may be involved in the 
inflammatory response. However, there are few reports on 
plasma cytokine levels in patients with achalasia. In the present 
study, the cytokine levels in the plasma of patients with acha‑
lasia before and after POEM were measured, and compared 
with the values in healthy control subjects.

Materials and methods

Ethical considerations. Written informed consent was 
obtained from all the patients. The research protocol was 
approved by the Nagasaki University Ethics Committee 
(approval no. 13012899) under the ethical guidelines of the 
Declaration of Helsinki.

Peroral endoscopic muscular biopsy sampling during POEM. 
The standard POEM procedure was performed as previously 
described (6). Briefly, the following steps were followed: 
Submucosal injection and incision, submucosal tunneling, 
selective myotomy of the medial circular muscle and 

subsequent closure of the mucosal entrance. All patients who 
underwent POEM underwent endotracheal intubation with 
general anesthesia and positive pressure ventilation, including 
those who underwent surgery at Nagasaki University Hospital 
between February 2013 and March 2014. Patients with any 
severe underlying illnesses, such as cancer, patients who had 
undergone previous surgical treatment and those who could 
not tolerate general anesthesia were excluded. Patients were 
diagnosed with sporadic and classical achalasia by routine 
analysis, including barium follow‑through and upper gastro‑
intestinal endoscopy. Serum was collected on the day of or the 
day before POEM, as well as ~90 days after POEM (Table I). 
All samples, including the control, were collected between 
February 2013 and March 2016 at Nagasaki University 
Hospital. Plasma was stored at ‑20˚C until required. Cytokine 
analysis was performed on plasma collected from 10 healthy 
volunteers as controls (5 men and 5 women; age range, 
37‑54 years; median age, 44 years) and 12 patients with acha‑
lasia (4 men and 8 women, including 3 smokers; age range, 
28‑85 years; median age, 57 years). According to descriptive 
rules for achalasia of the esophagus (18), 4 patients presented 

Table I. Clinical characteristics of the 12 patients with achalasia.

Characteristics n

Age, years, median (range) 57 (28‑85)
Sex, n (%)
  Male 4 (33.3)
  Female 8 (66.7)
Smoking, n (%) 3 (25)
Grade, n (%)
  1 4 (33.3)
  2 7 (58.3)
  3 1 (8.3)
Type, n (%)
  Straight 6 (50)
  Sigmoid 6 (50)
Days after peroral endoscopic; myotomy,  97 (83‑104)
median (range)
Endoscopic balloon dilatation, n (%) 5 (41.7)
Body mass index, median (range) 20 (17‑25)
Eckardt score, median (range) 9 (4‑10)
Comorbidities, n (%)
  Diabetes 1 (8.3)
  High blood pressure 3 (25)
  Hyperuricemia 1 (8.3)
  Down syndrome 1 (8.3)
  Psoriasis vulgaris 1 (8.3)
  Pneumonia 1 (8.3)
White blood cell, median (range) 5,100
 (3,600‑11,300)
C‑reactive protein, mg/dl, mean (range) 0.045
 (0.01‑6.67)
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with grade I, 7 patients had grade II and 1 patient had grade III 
achalasia.

Cytokine analysis. The Bio‑Plex Pro™ Human Cytokine 
27‑plex assay kit (cat. no. M500KCAF0Y) was purchased from 
Bio‑Rad Laboratories, Inc. The collected plasma samples were 
diluted 4‑fold with the sample diluent buffer. Antibody‑bead 
conjugates were placed in the wells of a 96 well microplate 
and incubated first with the diluted plasma or the standard for 
1 h at 20‑25˚C with constant shaking, followed by incubation 
with a biotin‑labeled antibody for 30 min at 20‑25˚C and strep‑
tavidin‑phycoerythrin conjugates for 10 min at 20‑25˚C (both 
after washing and shaking). The biotin‑labeled antibody and 
streptavidin‑phycoerythrin conjugates were part of the assay 
kit. After a further wash, the assay buffer was added to wells 
to re‑suspend the beads, and fluorescence was measured using 
an automatic immunoassay analyzer (Bio‑Plex® 200 System; 
Bio‑Rad Laboratories, Inc.). Finally, the cytokine concentra‑
tion was calculated from the standard curve.

Statistical analysis. Differences were analyzed using 
a Mann‑Whitney U test or a Dunn's test following a 
Kruskal‑Wallis test. Statistical analysis was performed using 
StatFlex version 7 (Artec Co., Ltd.). A Shapiro‑Wilk test using 
EZR version 1.54 (based on R version 4.1.0) was used to assess 
the distribution of the data. Data are presented as box plots, 
with the minimum, 25th percentile, median, 75th percentile 
and maximum values forming the plots. P<0.05 was consid‑
ered to indicate a statistically significant difference.

Results

Patient characteristics. There was no significant differences 
in terms of age between the patients and controls. However, 

a significant difference in sex was observed in the expression 
of IL‑7, IL‑10, IL‑12, IL‑17, FGF2, CSF3, CCL4 and VEGF; 
expression levels of these cytokines were higher in females 
compared with males (Fig. S1A). Furthermore, serum IL‑10 
levels in patients undergoing endoscopic balloon dilation before 
POEM were higher than those in untreated patients (Fig. S1B). 
However, differences due to other clinical patient characteris‑
tics were not observed.

Cytokines are involved in the differentiation and main‑
tenance of Th17 cells. As shown in Fig. 1, plasma levels of 
IL‑17, IL‑1β and CCL2 were significantly higher in patients 
with achalasia compared with the control subjects. However, 
plasma levels of TNF‑α, IL‑6 and IL‑8 were not significantly 
increased in patients with achalasia when compared with 
those of the control subjects. Furthermore, there were no 
differences in cytokine levels in the plasma collected before 
and after POEM.

Th2‑derived cytokines. As shown in Fig. 2, the plasma levels 
of IL‑4 and IL‑5 were significantly higher in the plasma 
of achalasia patients compared with the control subjects. 
However, plasma levels of IL‑9 and IL‑13 were not signifi‑
cantly increased in patients with achalasia when compared 
with those in the plasma of the control subjects. Furthermore, 
no differences in cytokine levels were detected in the plasma 
collected before and after POEM.

Cytokines are involved in the differentiation and maintenance 
of Th1 cells. As shown in Fig. 3, plasma levels of IL‑1ra, IL‑7, 
IL‑12, IFN‑γ and IL‑2 were significantly higher in patients 
with achalasia compared with the control subjects. However, 
the plasma levels of CXCL10, IL‑10 and IL‑15 did not signifi‑
cantly increase in patients with achalasia when compared with 

Figure 1. Plasma levels of IL‑17, IL‑1β, TNF‑α, IL‑6, IL‑8 and CCL2 in the control group, and before and after POEM in the patients with achalasia. *P<0.05, 
**P<0.01. POEM, peroral endoscopic myotomy; IL, interleukin; TNF‑α, tumor necrosis factor‑α; CCL, chemokine (C‑C motif) ligand.



KANDA et al:  CYTOKINE STORM IN PATIENTS WITH ACHALASIA4

Figure 2. Plasma levels of IL‑4, IL‑5, IL‑9 and IL‑13 in the control group, and before and after POEM in the patients with achalasia. **P<0.01. POEM, peroral 
endoscopic myotomy; IL, interleukin.

Figure 3. Plasma levels of IL‑1ra, IL‑7, IL‑12, IFN‑γ, CXCL10, IL‑2, IL‑10 and IL‑15 in the control group, and before and after POEM in the patients with 
achalasia. *P<0.05, **P<0.01. POEM, peroral endoscopic myotomy; IL, interleukin; IFN‑γ, interferon‑γ.
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those the control subjects. Furthermore, there were no differ‑
ences in cytokine levels in the plasma samples collected before 
and after POEM.

Growth factors and chemokines. As shown in Fig. 4, plasma 
levels of FGF2, CSF2 and CSF3 levels were significantly 
higher in patients with achalasia compared with the control 
subjects. However, plasma levels of PDGF‑BB, VEGF, CCL3, 
CCL4, CCL5 and CCL11 were not significantly increased 
in patients with achalasia when compared with the control 
subjects. Furthermore, no differences in cytokine levels were 
detected in the plasma samples collected before and after 
POEM.

Discussion

The hypothesis developed in the present study regarding the 
mechanism of cytokine storm induction is shown in Fig. 5. 
IL‑1β induced in LES stimulates the immune and inflamma‑
tory systems. IL‑1β activates macrophages, polymorphonuclear 
leukocytes (PMNs) and T cells. These cells activate viral 
clearance and induce inflammation. Activated T cells, B cells 
and natural killer (NK) cells produce and release cytokines, 
which re‑activate macrophages, PMNs and T cells.

The expression of IL‑7, IL‑10, IL‑12, IL‑17, FGF2, 
CSF3, CCL4 and VEGF is higher in females than in males. 

Estrogen, a female hormone, inhibits the production of Th1 
pro‑inflammatory cytokines, such as IL‑12, TNF‑α and IFN‑γ, 
and stimulates the production of Th2 anti‑inflammatory cyto‑
kines, such as IL‑10, IL‑4 and TGF‑β (19). However, these 
previous results differ from the results in the present. Thus, 
there is a possibility of the influence of achalasia on cytokine 
levels.

IL‑17 is an essential mediator of inflammatory autoim‑
mune diseases. It promotes neutrophil recruitment and 
innate immune cell activation, enhances B cell function and 
induces inflammatory cytokines (IL‑1β and TNF‑α). Under 
physiological and pathological conditions, IL‑17 stimulates 
T cells and increases autoantibody production and inflamma‑
tory cytokines (TNF‑α, IL‑1β, IL‑6, IL‑8, IL‑17 and IL‑ 22). 
Chemokines (CCL2, CCL7, CCL20, CXCL1 and CXCL5) 
induce neutrophil recruitment through chemokine regulation, 
activate innate immune cells, and enhance B cell function (20). 
Plasma levels of IL‑17, IL‑1β and CCL2 were significantly 
higher in patients with achalasia compared with the control 
subjects. These data were consistent with the higher tissue 
expression levels of IL‑1β in patients with achalasia compared 
with the control subjects (21). These findings suggest that 
IL‑17 induced the expression of Il‑1β and CCL2, which is 
characteristic of the cytokine storm induced by COVID‑19, 
in‑turn increasing the expression of IL‑1β, IL‑8, CCL2 and 
TNF‑α (15‑17).

Figure 4. Plasma levels of FGF2, CSF2, CSF3, PDGF BB, VEGF, CCL3, CCL4, CCL5 and CCL11 in the control group, and before and after POEM in the 
patients with achalasia. **P<0.01. POEM, peroral endoscopic myotomy; IL, interleukin; FGF2, fibroblast growth factor 2; CSF, colony stimulating factor; 
PDGF, platelet‑derived growth factor; VEGF, vascular endothelial growth factor; CCL, chemokine (C‑C motif) ligand.
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IL‑4, which is synthesized primarily by Th2 cells, is an 
anti‑inflammatory cytokine. It inhibits the synthesis of IL‑17, 
IL‑1β, TNF‑α and IL‑6, and regulates B cell proliferation and 
differentiation. Furthermore, it is a potent inhibitor of apop‑
tosis. IL‑4 is a pro‑fibrogenic cytokine (22,23) that may also 
contribute to the fibrous outcome observed in the LES muscle 
of patients with achalasia.

In the present study, it was shown that IL‑4 levels were 
higher in patients with achalasia compared with the control 
subjects. Interestingly, the levels of two conflicting cytokines 
were elevated, exhibiting a crucial feature of a cytokine 
storm (17,24,25). TNF‑α, IL‑6 and IL‑8 levels were not signifi‑
cantly increased when compared with control plasma samples, 
which could be attributed to upregulation of IL‑4. However, 
further research is required to confirm this relationship. 
Moreover, the IL‑4‑expressing CD4+ Th2 subset is charac‑
terized by the production of IL‑4, IL‑5, IL‑9 and IL‑13, and 
serves a role in type 2 immunity to combat infectious diseases. 
These cells suppress autoimmune diseases mediated by Th1 
cells (26). IL‑5 levels were higher in patients with achalasia 
compared with the control subjects; the levels of IL‑13, which 
exhibit an IL‑4 like function, were also higher. However, IL‑9 
levels did not increase, dissimilar to that observed in the cyto‑
kine storm induced by COVID‑19 (15‑17). These data suggest 
the need to further investigate the cytokine storm in patients 
with achalasia.

The anti‑inflammatory cytokine, IL‑1ra, inhibits IL‑1β, 
regulating various IL‑1‑related immune responses and 
inflammatory responses, particularly during the acute phase 
of infection and inflammation (27‑29). IL‑7 is essential for 
B and T cell development and maintenance of naïve and 
memory T cells (30‑32). IL‑12 acts on T and NK cells, presents 
a broad array of biological functions and is essential for the 

differentiation of both Th1 and Th2 cells (33‑36). Another 
critical cytokine, IFN‑γ, released by Th1 cells, is also essential 
for regulating the Th2 response; it is implicated in regulating 
the immune response (35,37,38). Specifically, this cytokine 
recruits leukocytes to infected tissues to potentiate beneficial 
inflammation and stimulate macrophages to engulf and kill 
bacteria (39‑41). Moreover, IFN‑γ induces the production 
of several chemokines, such as CXCR3, CXCL9, CXCL10 
and CXCL11 (20). IL‑2 is a secreted cytokine produced by 
activated CD4+ and CD8+ lymphocytes, and is crucial for 
T cell and B cell lymphocyte proliferation (42‑44). IL‑1ra, 
IL‑7, IL‑12, IFN‑γ and IL‑2 levels were significantly higher 
in the plasma of patients with achalasia compared with the 
control subjects. These data were consistent with the higher 
tissue expression levels of IL‑2 detected in patients with acha‑
lasia compared with the control subjects (21). Additionally, 
CXCL10, IL‑10 and IL‑15 levels were higher in patients with 
achalasia compared with the control subjects. These data are 
characteristic of the cytokine storm induced by COVID‑19, 
in which, increased levels of IL‑1ra, IL‑7, IFN‑γ, CXCL10, 
IL‑2 and IL‑10 are observed (15‑17). However, it is presumed 
that the significantly higher serum IL‑10 levels in patients 
who underwent endoscopic balloon treatment are identical to 
those of IL‑10, which serves an essential role in skin wound 
healing (45).

The plasma levels of FGF2, CSF2 and CSF3 were signifi‑
cantly higher in patients with achalasia compared with the 
control subjects. Additionally, PDGF‑BB, VEGF, CCL3, CCL4, 
CCL5 and CCL11 levels were higher in patients with achalasia 
compared with the control subjects. As above, these data are 
characteristic of the cytokine storm induced by COVID‑19, 
in which the levels of FGF2, CSF2, CSF3, PDGF‑BB, VEGF, 
CCL3 and CCL4 levels are increased (15‑17).

Figure 5. Mechanism of induction underlying the cytokine storm. IL‑1β activates macrophages, PMNs and T cells. Macrophages, PMNs and T cells activate 
viral clearance and induce hyperinflammation. The activated T, B and NK cells produce cytokines. These released cytokines re‑activate macrophages, PMNs 
and T cells. IL, interleukin; PMN, polymorphonuclear leukocytes; NK, natural killer; IFN‑γ, interferon‑γ; miR, microRNA; HSV herpes simplex virus; 
CCL, chemokine (C‑C motif) ligand; FGF2, fibroblast growth factor 2; CSF, colony stimulating factor.
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IL‑22 belongs to the IL‑10 superfamily, and is involved in 
the innate immune response to intestinal epithelial and respira‑
tory cell pathogens, tissue repair/regeneration processes and 
antibody production. Th22 and Th17 cells synthesize IL‑22. 
Transforming growth factor (TGF)‑β1 regulates cell growth, 
proliferation, differentiation, inflammation, collagen synthesis 
and apoptosis. The number of IL‑22+ and TGF‑β1+ cells observed 
in the myenteric plexus of esophageal biopsies are significantly 
higher in patients with achalasia than in control subjects (5,13). 
Moreover, serum levels of IL‑22, IL‑17A and IFN‑γ were higher 
in 27 patients with achalasia compared with those in healthy 
volunteers (46). In the present study, IL‑22 and TGF‑β levels 
were not evaluated, as these cytokines could not be detected 
using the ELISA kit employed. Therefore, IL‑22 and TGF‑β 
levels in patients with achalasia remain to be investigated.

Taking plasma cytokine measurements before and after 
POEM is a novel approach not previously used in studies on 
achalasia, to the best of our knowledge. However, no significant 
differences in cytokine production before and after POEM 
were observed in the present study. Indeed, it is expected that 
POEM, which treats only part of the muscle, does not affect 
plasma cytokine levels. As POEM is a symptomatic treatment to 
improve food passage, cyclooxygenase‑2 inhibitors are required 
for preventative treatment and suppression of inflammation.

A limitation of the present study is that plasma biomarker 
levels may not correctly reflect tissue inflammation in the 
LES and esophageal mucosa. Furthermore, the sample size 
of patients with achalasia and the number of cytokines that 
can be detected with the ELISA kit employed may have 
limited the observed associations. In particular, the plasma 
mRNA or protein levels of ATG16L1 were not assessed as 
previously reported (14). However, the findings of this study 
may encourage further investigation with larger cohorts and a 
broader panel of biomarkers. Moreover, according to a previous 
study, TGF‑β1, TGF‑β2, TGF‑β3, IL‑1ra, IL‑17, IL‑18, IFN‑γ, 
MIG, PDGF‑BB, CXCL10 (also known as IP‑10) and stem cell 
growth factor‑B levels are significantly higher in patients with 
achalasia compared with control subjects (47). TGF‑β2, IL‑1ra, 
IL‑2ra, IL‑18, MIG, IFN‑γ, SDF‑1a, CCL11 (also known 
as eotaxin), PDGF‑BB, CXCL10, CCL2 and TRAIL levels 
were significantly higher in type III achalasia compared with 
type I/II achalasia (47). It has been reported that IL‑6 levels 
are significantly higher in patients with achalasia compared 
with patients with eosinophilic esophagitis (EoE), and they do 
not differ amongst the three achalasia subtypes (48). Another 
limitation of the present study is that no comparison was 
performed between achalasia subtypes or between achalasia 
and other benign esophageal diseases (especially EoE).

In conclusion, a cytokine storm can occur in patients with 
achalasia; this knowledge may assist in improving our under‑
standing of this disease and in the development of a suitable 
treatment.
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