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Summary Autoimmunologic phenomena triggered by CD8-positive cytotoxic T cells may be involved in
the pathogenesis of achalasia, but the pathogenic mechanisms generally remain unknown, and the concom-
itant histopathologic changes in the esophageal epithelium in achalasia are incompletely described. This
study was designed to characterize the inflammation within the esophageal epithelium of these patients.
We collected 72 esophageal specimens from 38 consecutive patients with achalasia (16 men, 22 women)
representing different disease stages. The inflammatory cells were characterized immunohistochemically.
Seven end-stage disease esophagectomy specimens were also included. Our data show a T-cell–rich inflam-
matory response predominantly composed of CD4-positive T cells with an overall CD4/CD8 ratio of 1.82
and only few CD4-CD25-FoxP3–positive regulatory T cells or CD20-positive B cells. Signs of inflamma-
tion were most pronounced in the middle esophagus, followed by upper and lower esophagus. Between dif-
ferent stages of disease, there were statistically significant differences among CD25-positive lymphocytes in
the upper esophagus and CD4-, CD8-, and CD25-positive lymphocytes in themiddle esophagus. The esoph-
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229Intraepithelial inflammation in achalasia
ageal epithelial inflammation in achalasia seems to be of reactive and unspecific nature and does not reflect
the composition of the CD8-dominant inflammatory infiltrate within the muscular esophageal wall in active
disease. The statistically significant differences in unspecific inflammation between different stages of dis-
ease are more likely due to effects of the dysmotility and cannot be assumed pathognomic for the disease.
In conclusion, we assume that it is not possible to diagnose or confirm achalasia by means of esophageal
biopsy alone.
© 2018 Elsevier Inc. All rights reserved.
1. Introduction 2. Materials and methods
Table 1 Distributed specimens by group and location

Group 1 Group 2 Group 3

Upper esophagus 8 6 4
Middle esophagus 10 6 5
Lower esophagus 24 7 2
Sum 42 19 11

NOTE. Group 1, without surgery; group 2, with surgery; group 3, end-
stage disease.
Idiopathic achalasia is a primary esophageal motility disorder
characterized by loss of esophageal ganglion cells with clinical
symptoms such as dysphagia, regurgitation, chest pain, andweight
loss [1,2]. The standard diagnostic procedure includes upper
endoscopy, HRM to confirm the diagnosis, and a bariummeal
examination to assess the degree of esophageal dilatation, the
axis of the esophagus, and the presence of an associated epi-
phrenic diverticulum [3]. HRM findings define the type of
achalasia by using the Chicago classification, where achalasia
with minimal esophageal pressurization is defined as type I or
the classic type, achalasia with esophageal compression as
type II, and achalasia with spasm as type III [4,5]. Treatment
depends on the HRM type and predicted surgical risk, and it
can be done by laparoscopic myotomy, pneumatic dilation,
botulinum toxin injections, and esophagectomy [1,3,6]. The
latest therapy option is per oral endoscopic myotomy [7].

Esophageal biopsies are taken during upper endoscopy to
rule out other causes for the patients' symptoms, such as se-
vere reflux disease with concomitant destruction of the motor
function of the organ with or without Barrett esophagus [8],
esophageal cancer [9], fungal infection [10], or eosinophilic
esophagitis [11,12]. The etiology of idiopathic achalasia re-
mains unknown, but a variety of possible pathogenetic mech-
anisms have been proposed including genetic disposition,
neurodegeneration triggered by viral infection, or other related
degenerative factors including autoimmune processes [2,13-
15]. In this context, it is interesting to note that the local accu-
mulation of CD8-positive T cells may be linked to the loss of
the ganglion cells in the plexus of Auerbach [16,17]. Our study
attempts to characterize the morphologic features and inflam-
matory infiltrates in mucosal specimens obtained from patients
with clinical confirmed achalasia.

Lehman et al [18] showed a diffuse squamous epithelium
hyperplasia with basal cell layer hyperplasia and elongated pa-
pillae in end-stage achalasia without providing numerical anal-
ysis. Our literature search did not reveal valid data concerning
normal epithelial thickness in the esophagus either; however,
the proportion of the length of the papilla in the squamous ep-
ithelium compared with overall thickness of the mucosa was
considered normal by the ESOHISTO project if the length of
the papilla did not exceed 50% of total epithelial diameter
[19,20]. Thickness of basal cell layer was defined as normal
when the thickness did not exceed 15% of total epithelial
thickness.
We performed a retrospective study using biopsies of 38
patients (16 men and 22 women [42.1% and 57.9%, respec-
tively]) with a clinical confirmed diagnosis of achalasia. The
mean (SD) age of these patients was 58.9 (20.6) years. The
number of biopsies varied between patients: 1 biopsy was cap-
tured from 16 patients (42.1%), 2 biopsies were captured from
10 patients (26.3%), and 3 specimens were obtained from 12
(31.5%) patients. In summary, 72 mucosal samples were eligi-
ble for further investigation. Depending on stage of disease,
patients were divided into 3 groups. Group 1 “without sur-
gery” contained 42 specimens of 25 patients who had no ther-
apy, only pharmacological therapy, or pneumatic dilatation
therapy alone. In group 2, 19 biopsy specimens were obtained
from 7 patients who had already undergone surgical myotomy.
Group 3 represented “end-stage disease” where complete
esophagectomy specimens were retrieved. This group served
as a comparison for the ultimate changes occurring as a conse-
quence of long-standing disease relevant to the inflammation
within the squamous epithelium as well as the plexus myenter-
icus. Biopsies were grouped according to their site of retrieval
(upper, middle, or lower esophagus). In Table 1, their exact
distributions are given. Morphologic analysis was completed
after routine HE staining, and the thickness of the basal cell
layer, length of papillae, and overall epithelial thickness were
measured (see Fig. 1). These measurements were used to grade
density of inflammatory infiltrates as described by Purdy et al
[21]. In addition, slides were scanned for the presence of spon-
giosis (enlarged intercellular spaces) and apoptosis as well as
formation of a stratum granulare.

Immunohistochemistry was performed on 3-μm tissue sec-
tions on poly-L-lysine–coated slides after drying in an oven at
60°C for 30 minutes. The immunoreactions were performed
by using the automated stainer BenchMark ULTRA (Ventana
Roche Diagnostics, Rotkreuz, Switzerland) with the following



Fig. 1 Morphologic measurement (squamous epithelium, HE stain-
ing, original magnification ×100). Green arrow indicates basal cell
layer; red arrow, epithelium thickness; yellow arrow, papilla length.
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antibodies: CD4, clone BC/1F6 (Zytomed; Biocare Medical;
RTU); CD8, clone SP16 (Zytomed; Biocare Medical,
Zytomed Systems, Berlin, Germany; RTU); CD20, clone
L26 (Zytomed; RTU); CD25, clone S176, (Zytomed; 1:50);
and FoxP3, clone SP97 (Zytomed; RTU). Staining was
regarded positive when a red-brown staining could be demon-
strated. In all cases, the total number of myenteric lymphocytes
was calculated in respective HE-stained slides. The number of
cells that stained positive was counted per 10 HPFs by using an
Olympus (Olympus, Hamburg, Germany) BX53 with 10× ocular
(Wit10X/22) and 40× objective (PlanCN40×/0.65∞/0.17/FN22)
reaching a 400× magnification.

Hamamatsu's NanoZoomer Viewer (NDP.view, version
1.2.2) (314-5, Shimokanzo, Iwata City, Shizuoka Pref., 438-
0193, Japan) was used for respective measurements. IBM
SPSS Statistics version 23 for Windows was used for statisti-
cal analysis (IBM, Armonk, NY). In the statistical analyses
of the data, we applied the Kolmogorov-Smirnov test for test-
ing data distribution and Kruskal-Wallis test, Wilcoxon rank
sum test, and Bonferroni correction for analyses of differences
between the study groups. Friedman test was used for statisti-
cal analysis between the 3 esophageal levels.
3. Results

3.1. Morphologic data

On average, we found 170.67 (±121.727), 221.67 (±155.340),
and 146.39 (±106.192) inflammatory cells per 10HPFswithin the
squamous epithelium of the upper, middle, and lower third of the
esophagus, respectively. There was no significant difference be-
tween the study groups (P = .686, P = .452 and P = .311). Av-
erage epithelium thicknesses were 446.83 μm (±136.668 μm;
upper esophagus), 434.48 μm (±112.118 μm; middle
esophagus), and 453.53 μm (±155.194 μm; lower esopha-
gus), also with no significant differences between the study
groups (P = .769, P = .814, and P = .650). The basal cell
layer measured 28.07 μm (±10.925 μm) in the upper esopha-
gus, 26.27 μm (±9.496 μm) in the middle esophagus, and
29.48 μm (±13.067 μm) in the lower esophagus. Again, no
significant differences between the study groups were de-
tected (P = .649, P = .293, and P = .795). The proportion
of the thickness of the basal cell layer compared with total ep-
ithelial thickness was 6.70%, 6.44%, and 6.95% in the upper,
middle, and lower esophagus. Measurements of average
length of papillae were 184.22 μm (±56.990 μm; upper
esophagus), 191.10 μm (±68.040 μm; middle esophagus),
and 192.56 μm (±89.703 μm; lower esophagus) with no sig-
nificant differences between the study groups (P = 1.130,
P = .794, and P = .710). The proportions of the length of
papillae compared with total epithelial thickness in the upper,
middle, and lower esophageal third were 41.22%, 43.98%,
and 42.25%, respectively. Table 2 gives an overview of
the morphologic findings.

The grading according to Purdy et al [21] revealed 3 severe
cases (7.14%) in group 1 (n = 42), 2 cases (10.53%) in group
2 (n = 19), and 5 cases (45.45%) in group 3 (n = 11). Spon-
giosis was seen in 29 specimens (69.05%) of group 1, 15 spec-
imens (78.95%) of group 2, and 11 (100.00%) specimens of
group 3. Formations of a stratum granulare or visible apoptotic
bodies were not detected. In study group 3, we were unable to
find any neural structures within the muscularis propria.
3.2. Immunohistochemical data

On average, measurement of CD4-positive lymphocytes in the
upper, middle, and lower thirds of the esophagus revealed 288.94
(±234.692), 383.00 (±351.122), and 212.52 (±192.547) T cells
per 10 HPFs. Statistically, no correlation among the 3 groups and
localization of the inflammatory infiltrate in the upper and lower
esophagus was found (P = .878 and P = .236, respectively).
In the middle esophagus, we were able to show statistically
significant differences between the different study groups (P =
.010). By using post hoc testing with Mann-Whitney U test,
we stratified data and found a significant difference between
groups 2 and 3 (P = .011) and between groups 1 and 3 (P =
.004) in the middle third of the esophagus. No significant dif-
ference could be shown between groups 1 and 2 (P = .880).

Measurement of CD25-positive lymphocytes in the
upper, middle, and lower thirds of the esophagus revealed
9.44 (±16.008), 9.39 (±14.205), and 7.31 (±13.875) T cells
per 10 HPFs. Statistically, no correlation between the 3 groups
and localization of the inflammatory infiltrates in the lower
esophagus was found (P = .281). In the upper and middle
esophagus, we were able to show statistically significant dif-
ferences between the different study groups (P = .015 and
P = .047, respectively). By using post hoc testing with
Mann-Whitney U test, we stratified data of the upper esopha-
gus and found a significant difference between groups 2 and

Image of Fig.�1


Table 2 Morphologic findings

Study group Basal cell layer thickness P Epithelium thickness P Papilla length P

Upper esophagus Group 1 25.83 .649 444.00 .769 183.63 .130
Group 2 30.33 422.00 156.00
Group 3 29.13 489.75 227.75

Middle esophagus Group 1 29.60 .293 450.27 .814 203.73 .794
Group 2 23.30 435.33 176.17
Group 3 21.55 389.75 178.75

Lower esophagus Group 1 30.85 .795 440.78 .650 195.91 .710
Group 2 27.79 446.50 137.61
Group 3 22.93 565.33 276.67

NOTE. All data in micrometers. Group 1, without surgery; group 2, with surgery; group 3, end-stage disease.

Fig. 2 Immunohistochemical measurement (example of specimens in HE, CD4 and CD8 staining, original magnification ×100).

Table 3 Immunohistochemical findings in the upper esophagus

Group CD4 P CD8 P CD20 P CD25 P FoxP3 P

1 274.75
.878

134.13
.277

7.43
.314

2.00
.015 ⁎

23.29
.2882 235.50 139.50 .50 3.40 21.40

3 506.00 215.50 1.50 30.00 40.50

NOTE. Average cells count per 10 HPFs. Group 1, without surgery; group 2, with surgery; group 3, end-stage disease.
⁎ Statistically significant.

Table 4 Immunohistochemical findings in the middle esophagus

Group CD4 P CD8 P CD20 P CD25 P FoxP3 P

1 218.18
.010⁎

107.00
.011 ⁎

4.00
.421

7.22
.047 ⁎

10.22
.0862 261.67 210.00 10.00 3.00 56.50

3 918.25 446.25 .00 22.25 71.00

NOTE. Average cells count per 10 HPFs. Group 1, without surgery; group 2, with surgery; group 3, end-stage disease.
⁎ Statistically significant.
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3 (P = .014). Stratification of inflammatory cells in the middle
esophagus showed significant differences between groups 2
and 3 (P = .027) and between groups 1 and 3 (P = .010).

We found an average cell count of 27.00 (±29.219), 35.41
(±51.212), and 32.43 (±33.233) FoxP3-positive lymphocytes
per 10 HPFs in the upper, middle, and lower esophagus. No
statistically significant differences could be found between
the study groups in the upper, middle, and lower esophageal
thirds (P = .288, P = .086, and P = .963, respectively).

There were 3.27% of all CD4-positive lymphocytes that
were also CD25 positive, and there were 9.34% of all CD4 lym-
phocytes that were also FoxP3 positive in the upper esophagus.
In the middle esophagus, 2.45% of all CD4-positive lympho-
cytes were also CD25 positive, and 9.25% showed an expres-
sion of FoxP3. There were 3.44% of all CD4-positive
lymphocytes that were also CD25 positive in the lower esopha-
gus, and there were 2.35% that expressed FoxP3, too.

On average, measurement of CD8-positive lymphocytes in
the upper, middle, and lower thirds of the esophagus revealed
154.00 (±92.721), 201.05 (±179.930), and 125.31 (±119.733)
T cells per 10 HPFs. Statistically, no correlation among the 3
groups and localization and distribution of the inflammatory
infiltrates in the upper and lower esophagus was found (P =
.277 and P = .423, respectively). In the middle esophagus,
we were able to show statistically significant differences be-
tween the different study groups (P = .011). By using post
hoc testing with Mann-Whitney U test, we stratified data and
could find a significant difference between groups 1 and 3
(P = .004). No significant difference could be shown between
groups 1 and 2 (P = .097) and groups 2 and 3 (P = .087).

In summary, we were able to show mild inflammation of
the squamous epithelium with a predominance of CD4-
positive cells, regardless of the site of biopsy (see Fig. 2).
The average CD4/CD8 quotients were 2.08:1 (upper esopha-
gus), 1.83:1 (middle esophagus), and 1.51:1 (lower esopha-
gus). There were no significant differences between the 3
esophageal levels (P = .483).

We found an average cell count of 3.59 (±9.281), 5.00 (±
10.756), and 5.52 (±11.567) CD20-positive lymphocytes per
10 HPFs in the upper, middle, and lower esophagus. No statis-
tically significant differences could be found among the study
groups in the upper, middle, and lower esophageal thirds (P =
3.140, P = .421 and P = .760, respectively).

For better comparability, immunohistochemical results
stratified by the different study groups and expression profiles
are shown in Table 3 for upper esophagus; Table 4 shows im-
munohistochemical findings in the middle esophagus;
Table 5 Immunohistochemical findings in the lower esophagus

Group CD4 P CD8 P CD2

1 202.74
.236

113.30
.423

6.05
2 265.71 185.71 5.00
3 65.00 52.00 1.50

NOTE. Average cells count per 10 HPFs. Group 1, without surgery; group 2, with
immunohistochemical findings in the lower esophagus are
shown in Table 5.

Cells of the plexus myentericus were only present in group
3, but not in the superficial mucosal biopsies of groups 1 and 2.
So, immunohistochemical investigation of the inflammation
within the nerve plexus was only possible in group 3. We
found 249.17 (±102.636) CD4-positive lymphocytes, no
CD25-positive lymphocytes, 0.08 (±0.020) FoxP3-positive
lymphocytes, 178.33 (±63.46) CD8-positive lymphocytes,
and 1.75 (±4.050) CD20-positive lymphocytes per 10 HPFs.
The CD4/CD8 ratio was 1.40:1.
4. Discussion

Achalasia is a long-recognized but rare and poorly under-
stood disease with a variety of clinical symptoms [22]. Other
diseases may present with similar symptoms (eg, eosinophilic
esophagitis [11,12] or scleroderma [23]), and therefore, the di-
agnosis is challenging and often delayed [24]. Inflammation in
achalasia is believed to be driven by CD8-positive cytotoxic
T cells that were linked to a loss of ganglion cells in the
Auerbach plexus [16,17]. The aim of our study was to investi-
gate whether achalasia can be diagnosed in histologic speci-
mens of the esophageal epithelium alone by evaluating the
distribution and grading of inflammatory cells and morpho-
logic changes.

We found a CD4-predominant T-cell inflammatory infil-
trate in all stages of the disease and all esophageal levels. Only
a few CD20-positive B cells could be detected indicating a
negligible role of B cells in the pathology of achalasia. The
main T-cell subpopulation was composed of T-helper cells;
some of them representing CD4-CD25-FoxP3–positive regu-
latory T cells. Overall, statistical analysis of the inflammatory
cell distribution among the study groups revealed mainly non-
significant differences. The statistically significant increase of
CD25-positive regulatory T cells in upper and middle esopha-
gus as well as the increase of CD8-positive cytotoxic T cells in
the middle esophagus in advanced disease may more likely be
due to other causes than a true expression of an inflammatory
infiltrate dominated by cytotoxic T cells, as assumed in the
muscular nerve plexus in active disease. For example, this
finding could instead represent an unspecific infiltrate of lym-
phocytes due to prolonged contact of food with the esophageal
epithelium in hypomotile esophagus. We were not able to de-
tect a shift in the CD4/CD8 ratio towards CD8-positive lym-
phocytes in any esophageal level at any time of disease
0 P CD25 P FoxP3 P

.760
7.29

.281
30.00

.9637.17 47.20
8.00 21.00

surgery; group 3, end-stage disease.



233Intraepithelial inflammation in achalasia
progression. In addition, the increase of CD25-positive regula-
tory T cells over timemay be induced by bacterial colonization
promoted by the motility disorder itself as a secondary sequel;
it is known that an impaired esophageal motility leads to a de-
crease of esophageal self-cleaning function and favors bacte-
rial growth. Furthermore, infection may cause a transient
upregulation of FoxP3 in CD25-negative T-helper cells. This
may be the reason why we found slightly more FoxP3-
positive lymphocytes in the squamous epithelium than
CD25-positive cells, the latter representing true CD25-
positive and FoxP3-positive regulatory T cells.

We were not able to show hyperplasia of the squamous ep-
ithelium in our material throughout the esophagus. In addition,
neither basal cell layer hyperplasia nor elongation of papillary
length could be detected. Therefore, we conclude that elon-
gated papillae or basal cell hyperplasia are not findings that
are linked to achalasia or changes that may occur as a conse-
quence of a slow esophageal transit. Interestingly, Lind et al
[25] were not able to show a shift of the CD4/CD8 ratio in
the inflammation appearing in reflux disease, either. Conse-
quently, morphologic changes may not be useful in the diag-
nosis of achalasia but could be important in the differential
diagnosis between achalasia and other esophageal diseases,
such as gastrointestinal reflux disease [26].

We found neither neurons of the Auerbach plexus nor a
CD8-dominant inflammation within the musculature of the
muscularis propria in group 3 patients, which had undergone
complete esophagectomy. The loss of neurons in advanced dis-
ease is part of its definition and was described before [16,27-
30]. Inflammation in active disease is believed to target neuro-
nal structures. The loss of ganglion cells may explain the ab-
sence of CD8-positive lymphocytes in our specimens, as no
target protein remains.

The main result of our study is that the inflammation in our
esophageal biopsy specimens is of reactive and unspecific
nature—independent of disease stage or esophagus level—
and does not reflect the composition of the pathognomic
CD8-dominant inflammatory infiltrate within the muscular
esophageal wall in active disease [16,17]. In conclusion, we
assume that it is not possible to diagnose or confirm achalasia
by means of esophageal biopsies alone. Additional tests
should be performed if achalasia is suspected, and further stud-
ies will be necessary to identify better diagnostic histologic
markers. Because of the retrospective nature of the study and
the anonymization of personal data, no data regarding the type
of achalasia according to the Chicago classification were avail-
able and further stratification of data regarding manometric
findings was not possible.
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