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Immune microenvironment in Barrett’s esophagus adjacent
to esophageal adenocarcinoma: possible influence of adjacent
mucosa on cancer development and progression

Yusuke Gokon1,2
& Fumiyoshi Fujishima2 & Yusuke Taniyama1 & Hirotaka Ishida1 & Taku Yamagata3 & Takashi Sawai4 &

Miwa Uzuki5 & Hirofumi Ichikawa6 & Yuko Itakura7 & Kazutomi Takahashi8 & Nobuhisa Yajima9 & Motohisa Hagiwara10 &

Akiko Nishida11 & Yohei Ozawa12 & Tsutomu Sakuma13 & Rikiya Kanba14 & Kazuhiro Sakamoto15
& Masashi Zuguchi16 &

Masahiro Saito17
& Takashi Kamei1 & Hironobu Sasano2

Received: 28 December 2019 /Revised: 10 May 2020 /Accepted: 24 May 2020
# Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
The immune microenvironment plays a pivotal role in cancer development and progression. Therefore, we studied the status of
immune cells in esophageal adenocarcinoma (EAC) and adjacent Barrett’s esophagus (BE) and their association with the clinical
course of patients. We included 87 patients with EAC who underwent surgical resection or endoscopic submucosal dissection.
CD3, CD8, Foxp3, p53, and Ki-67 were immunolocalized in EAC and adjacent BE (N = 87) and BE without EAC (N = 13). BE
adjacent to EAC exhibited higher CD3+ lamina propria lymphocyte (LPL) numbers than BE without EAC. Abundant Foxp3+
LPLs in BE were associated with dysplasia and increased Ki-67 labeling index (LI) in BE glandular cells and tended to link to
aberrant p53 expression. Abundant CD8+ LPLs in adjacent BE were associated with worse prognosis of EAC patients (P =
0.019). Results of our present study firstly revealed the potential influence of the tissue immune microenvironment of BE
adjacent to EAC on cancer development and eventual clinical outcome of EAC patients. T cell infiltration could play pivotal
roles in facilitating the dysplasia–adenocarcinoma sequence in BE. The number of Foxp3+ T cells is increased at the early stage
of carcinogenesis and could help identify patients harboring dysplastic and highly proliferating cells. CD8+ T cells could reflect
unfavorable inflammatory response in adjacent tissue microenvironment and help predict worse prognosis of EAC patients.
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Introduction

Barrett’s esophagus (BE) is characterized by the presence of
columnar mucosa in the esophagus and is considered a compli-
cation of gastroesophageal reflux disease (GERD) and the pre-
cursor of esophageal adenocarcinoma (EAC) [1–3]. Recently,
the incidence of EAC markedly increased worldwide, especially
in developed countries, possibly because of increase in obesity
and decrease in Helicobacter pylori infection [4–6].

The tumor immune microenvironment including immune
cells plays a pivotal role in both cancer development and pro-
gression [7]. Regulatory T cells, an immunosuppressive sub-
set of CD4+ T cells characterized by the expression of the
master transcription factor forkhead box protein P3 (Foxp3),
suppress anticancer immunity, hindering protective
immunosurveillance of neoplasia and promoting tumor devel-
opment and progression [8]. The amounts of Foxp3 mRNA
has been reported to be significantly higher in BE than in
squamous epithelium [9]. Furthermore, the number of
Foxp3+ T cells was reported to be high in BE [10].
However, it remains unclear whether Foxp3+ T cells are as-
sociated with Barrett’s carcinogenesis or not [10].

Cytotoxic CD8+ T cells release various effector proteins,
including interferon-gamma, perforin, granzyme A, granzyme
B, and Fas ligands, and induce apoptosis of target cells. CD8+
T cell infiltration is usually protective as part of the host anti-
tumor immune response in many malignancies; however, it
can contribute to the aggravation of chronic inflammation,
supporting tumor development [11]. The secreted factors in
esophagitis tissue have also been reported to enhance CD8+ T
cell infiltration [12, 13]. Therefore, CD8+ T cells could be the
indicator of inflammatory response in BE adjacent to EAC
and could be associated with EAC development and further
progression. However, its prognostic impact on patients with
EAC has remained unknown. Therefore, in this study, we
compared lymphocyte infiltration between BE with EAC
and BE without EAC in order to explore the impact of BE
microenvironment on cancer development. We also examined
the impact of lymphocyte infiltration in EAC and adjacent BE
on the survival of patients with EAC.

Materials and methods

Cases

We included 87 patients with EAC who underwent surgical
resection or endoscopic submucosal dissection (ESD) at the

following hospitals in Japan: Tohoku University Hospital,
Hachinohe City Hospital, Nihonkai General Hospital, Hiraka
General Hospital, Iwate Prefectural Central Hospital, Osaki
Citizen Hospital, Japanese Red Cross Ishinomaki Hospital,
and Sendai City Medical Center. Furthermore, BE adjacent
to EAC was compared with BE without EAC (N = 13). All
these patients were previously untreated.

In this study, BE was defined according to the British
Society of Gastroenterology guidelines as a columnar-lined
esophagus which is ≥ 1 cm above the esophagogastric junc-
tion (EGJ) [2]. The patients in whom BE was not histologi-
cally identified adjacent to adenocarcinoma were excluded
from this study to exclude carcinoma of the gastric cardia.
Overall survival was defined as follows: from the time of the
initial pathological diagnosis to the time of death or last
census.

Surgically resected specimens

In all surgical specimens examined, the resected tissues were
stained with iodine solution to confirm unstained areas and
photographed immediately after the surgery. Subsequently,
these macroscopic photographs were reviewed to identify
EGJ, length of BE, and Siewert type [14]. EGJ was tentatively
defined as the point at which the luminal caliber changes and
where the tubular esophagus is connected to the vestibule
lumen of the stomach [1, 2]. The presence of circular BE
extending longitudinally for ≥ 3 cm was defined as long-
segment BE (LSBE). Others were defined as short-segment
BE (SSBE) [1, 2]. We confirmed BE length histologically by
checking whether the columnar epithelium was present in the
esophagus based on the presence of at least one of the follow-
ing conditions: esophageal gland ducts or proper esophageal
glands; squamous islands; and a double-layer muscularis mu-
cosae [1, 2].

Endoscopically resected specimens

The length of BE and Siewert type were determined by re-
trieving the endoscopic reports. In addition, the histopatholog-
ical diagnoses of BE-related EAC and BE length were also
confirmed by reviewing the tissue slides.

The selected portions of BE tissue adjacent to EAC

Figure 1 illustrates the selected sections of EAC-containing
tissues and adjacent BE tissues. The selected portions of non-
malignant adjacent BE tissues had at least 3 mm of distance
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from the tumor cells, in line with previous studies involving
patients with prostate cancer [15, 16].

Immunohistochemistry

Supplemental Table 1 summarizes the details of the primary
antibodies, antigen retrieval methods, and buffers used in this
study. The tissue specimens fixed in 10% formalin and embed-
ded in paraffin were sectioned at a thickness of 3 μm. In the
immunohistochemical study of Foxp3, antigen retrieval
was performed by autoclaving the slides (Tomy SX-500
High-Pressure Steam Sterilizer, Tomy Seiko Co., Ltd.,
Tokyo, Japan) in citrate buffer (pH 6.0) and heating
them at 121 °C for 5 min. The slides were then incu-
bated for 30 min at room temperature in a blocking
solution containing 1% mouse serum (Nichirei
Bioscience, Tokyo, Japan). The dilutions of the primary
antibodies employed were 1:200, and antibodies were
incubated at 4 °C overnight. A secondary antibody re-
action was performed by using a biotinylated anti-mouse
antibody (Nichirei Bioscience) for 30 min at room tem-
perature. Peroxidase-conjugated streptavidin (Nichirei

Bioscience) was subsequently used for 30 min at room
temperature. The antigen–antibody complex was visual-
ized using 3,3′-diaminobenzidine and counterstained
with hematoxylin. Moreover, Dako Autostainer Link
48 and EnVision FLEX+ Kit (Dako) were used for im-
munohistochemical studies of CD3, CD8, and Ki-67,
whereas a VENTANA BenchMark ULTRA and the
VENTANA OptiView DAB Universal Kit (Ventana
Medical Systems, Inc., CA, USA) were used to study
p53 immunohistochemistry.

All immunostained slides were independently evaluated by two
authors (YG and FF) without prior knowledge of any clinicopatho-
logical variables of the patients. The lamina propria lymphocytes
(LPLs) of BE were quantified and intraepithelial lymphocytes were
excluded (Fig. 1b) [17]. Tumor-infiltrating lymphocytes (TILs)were
evaluatedwithin the borders of the invasive tumor. The intratumoral
and stromal compartments were selected under light microscopy
(Fig. 1c) [18]. The immunopositive lymphocytes were enumerated
in × 400 microscopic fields [17–19]. Three different fields were
analyzed per slide, and the mean number was adopted as a final
result [17, 20]. The LPL densities in BE were tentatively classified

Fig. 1 Representation of the
anatomy of the tissue sections
containing esophageal
adenocarcinoma (EAC) and adja-
cent Barrett’s esophagus (BE)
tissues and the methodology of
the study. a Gross specimen. b
Low magnification of BE.
Stromal area was selected (dashed
line) and then lamina propria
lymphocytes (LPLs) were quanti-
fied in × 400 microscopic field. c
Low magnification of EAC.
Tumor-infiltrating lymphocytes
(TILs) were evaluated within the
borders of the invasive tumor.
The intratumoral and stromal
compartments were selected
(dashed line) and then quantified
in × 400 microscopic field
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as high or low group based on their median number of infiltrated
lymphocytes [21–24] (Fig. 2a–c).

The immunoreactivity of p53 was considered aberrant
when at least one BE gland had distinctive nuclear im-
munoreactivity or a complete loss of immunoreactivity
[25–27] (Fig. 2d–f). Ki-67 nuclear immunoreactivity
was evaluated in 1000 epithelial cells, and a percentage
of positive cells of > 20% was tentatively determined as
high Ki-67 LI in this study [28, 29] (Fig. 2g).

As LPLs, the TIL densities in EAC were tentatively classi-
fied as high or low group based on their median number of
infiltrated lymphocytes [21–24] (Fig. 2h).

Dysplasia

According to the 2019 World Health Organization classifica-
tion, BE was tentatively classified as with or without low-
grade dysplasia and high-grade dysplasia (Supplemental
Fig. 1) [30].

Statistical analysis

All the statistical analyses were performed using JMP Pro ver-
sion 13 with Kruskal–Wallis test, Student’s t test, Cochran–
Armitage trend test, and Fisher’s exact test. In addition, the

Fig. 2 Representative
illustrations of
immunohistochemistry. a–c
Lamina propria lymphocytes
(LPLs). a High CD3+ LPLs. b
High CD8+ LPLs. c High
Foxp3+ LPLs. d–f p53. dDistinct
nuclear immunoreactivity of p53.
e Complete loss of p53
expression. A relatively weak
immuno-positivity was detected
in the basal region of a few crypts,
but nuclear p53 immunoreactivity
was not detected in the majority
of crypts harboring enlarged nu-
clei. f p53 normal. g High Ki-67
LI. h High CD8+ TILs
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Kaplan–Meier test was employed to estimate the survival curves.
P values of < 0.05 were considered statistically significant in this
study.

Results

Relationship between LPL status and presence of EAC

Clinicopathological features of the patients with or without
EAC are summarized in Table 1. BE patients with EAC had
a larger number of hiatus hernia (P < 0.001), reflux esophagi-
tis (P = 0.004), higher body mass index (P = 0.015), LSBEs

(P = 0.002), dysplasia (P = 0.007), and aberrant p53 expres-
sion (P < 0.001) than those of patients without EAC. The Ki-
67 LI was significantly higher in cases with EAC than in those
without EAC (P < 0.001). BE cases harboring EAC had sig-
nificantly higher CD3+ LPL numbers than those without EAC
(P = 0.008), but no other significant differences were detected
in other subsets of LPLs. No significant differences were ob-
served in CD3+ LPL number according to the degree of dys-
plasia and in CD8+ LPL number according to presence of
dysplasia and concomitant EAC (Fig. 3a, b). However, among
the cases with EAC, Foxp3+ LPL counts were significantly
higher in cases with low-grade dysplasia than in those without
dysplasia (P = 0.005) (Fig. 3c). Foxp3+ LPL counts were also

Table 1 Clinicopathological
features of cases with or without
EAC

Clinicopathological features With EAC N = 87 (%) Without EAC N = 13 (%) P value

Age (years)† 67.1 (12.3) 67.5 (7.50) 0.86

Gender

Male 73 (84) 11 (85) 1

Female 14 (16) 2 (15)

Hiatus hernia

Absent 25 (31) 11 (85) < 0.001*

Present 55 (69) 2 (15)

Reflux esophagitis

≤ Grade M 49 (60) 13 (100) 0.004*

≥ Grade A 32 (40) 0 (0)

Body mass index

< 25 47 (57) 12 (92) 0.015*

≥ 25 35 (43) 1 (8)

Intestinal metaplasia

Absent 32 (37) 8 (61) 0.13

Present 55 (63) 5 (39)

Length of BE

Short segment 49 (56) 13 (100) 0.002*

Long segment 38 (44) 0 (0)

Histology

No dysplasia 45 (52) 12 (92) 0.007*

Low-grade dysplasia 40 (46) 1 (8)

High-grade dysplasia 2 (2) 0 (0)

p53

Normal 41 (47) 13 (100) < 0.001*

Aberrant 46 (53) 0 (0)

Ki-67 labeling index† 24.7 (17.6) 9.5 (11.3) < 0.001*

CD3+ LPLs† 29.0 (17.7) 15.8 (14.4) 0.008*

CD8+ LPLs† 24.7 (16.9) 26.6 (16.3) 0.70

Foxp3+ LPLs† 10.5 (11.0) 15.4 (15.6) 0.17

EAC, esophageal adenocarcinoma; BE, Barrett’s esophagus; LPLs, lamina propria lymphocytes

*Statistical significance

Student’s t test for age, Cochran–Armitage trend test for histology, Fisher’s exact test used for other parameters

Values in parentheses are percentages unless indicated otherwise. †Values are mean (SD)
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significantly higher in patients with high-grade dysplasia than
in those with low-grade dysplasia (P = 0.005) (Fig. 3c).

LPLs in BE adjacent to EAC and their correlation with
clinicopathological factors and clinical outcome of
patients

The correlations between LPL counts and clinicopatho-
logical characteristics of patients with EAC examined in
this study are summarized in supplemental Table 2.
High CD3+ LPL counts were significantly associated
with the absence of intestinal metaplasia (P = 0.025).
High CD8+ LPL counts were significantly associated
with lymph node metastasis (P = 0.025) and advanced
TNM stage (P = 0.011). High Foxp3+ LPL counts were

significantly associated with high Ki-67 LI (P = 0.023)
in BE glandular cells. Although this difference was in-
significant, high Foxp3+ LPL counts tended to be
linked to increased aberrant p53 expression (P = 0.055).
There were no significant differences in other factors.
Consequently, 25% of patients died of EAC, whereas
2% of patients died due to other causes at the time of
last census. In the Kaplan–Meier analysis, patients with
high number of CD8+ LPLs in BE adjacent to EAC had
significantly worse overall survival than those with low
number of CD8+ LPLs (P = 0.019; Fig. 4b), but no
significant associations were detected in other subsets
of LPLs (Fig. 4a, c). Among the surgically resected
cases, high number of CD8+ LPLs group also exhibited
worse overall survival (P = 0.028).

No dysplasia,
without EAC

(N=12)

No dysplasia,
with EAC

(N=45)

Low-grade dysplasia,
with EAC

(N=40)

High-grade dysplasia,
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(N=2)
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Fig. 3 a–c The lamina propria
lymphocyte (LPL) counts ac-
cording to the presence of dys-
plasia and adjacent EAC. a CD3+
LPLs counts. Among the cases
without dysplasia, CD3+ LPL
counts were significantly higher
in cases of BE with EAC than
those without EAC (P = 0.021). b
CD8+ LPL counts. No significant
difference was observed among
four groups. c Foxp3+ LPL
counts. Among the cases without
dysplasia, there were no signifi-
cant differences in Foxp3+ LPLs
count. Among the cases with
EAC, Foxp3+ LPL counts were
significantly higher in cases with
low-grade dysplasia than in those
without dysplasia (P = 0.005).
Foxp3+ LPL counts were also
significantly higher in cases with
high-grade dysplasia than in those
low-grade dysplasia (P = 0.005).
Among the cases without EAC,
BE dysplasia was observed in
only one case; therefore, statisti-
cal analysis was not performed
with this group. *P < 0.05,
**P < 0.01
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TILs in EAC and their correlation with
clinicopathological factors and clinical outcomes of
the patients

The TIL counts had no significant correlation with the clini-
copathological parameters such as Siewert type, tumor depth,
lymph node metastasis, and TNM stages of the patients exam-
ined. Kaplan–Meier analysis results revealed that the patients
harboring more CD8+ TILs in the EAC had a significantly
better overall survival than those with fewer CD8+ TILs (P =
0.010; Fig. 4e), but no significant associations were detected
in other subsets of TILs examined in this study (Fig. 4d, f).

Discussion

The CD3+ LPL density was significantly higher in BE adja-
cent to EAC. This result indicated that the T cell infiltration
played pivotal roles in facilitating the dysplasia–
adenocarcinoma sequence in BE. However, no significant in-
crease was observed on T cell subset analysis of CD8 and
Foxp3 possibly due to limited size of the control group (N =
13). Other T cell subsets were not analyzed in this study.
Therefore, further detailed T cell profile analysis is warranted
to evaluate the impact of BE tissuemicroenvironment on EAC
development.

Foxp3+ LPLs in BE were significantly associated with
low- and high-grade dysplasia and increased Ki-67 LI of the

glandular epithelium of BE, and tended to link to aberrant p53
protein expression, all of which were the characteristic fea-
tures of neoplastic progression in BE [2, 25, 31]. These results
indicated that the number of Foxp3+ T cells could increase at
the early stage of carcinogenesis. Foxp3+ T cells can suppress
anti-tumor immunity, thereby hindering immunosurveillance
against cancer development [8]. For instance, in uterine cervi-
cal epithelium, the environment of Foxp3+ T cell–induced
immunoregulatory local tissues played pivotal roles in the
multistep carcinogenesis (dysplasia–carcinoma in situ–
invasive cancer) [8, 32, 33]. According to a previous study,
cervical intraepithelial neoplasia can recruit Foxp3 T cells
through the expression of indoleamine 2 and 3-dioxygenase,
and the Foxp3+ T cell infiltration was marked in
microinvasive cancer cells [32]. Also, in colitis-associated
cancer, Foxp3+ T cells may suppress anti-tumor immunity
at early stages during cancer development by inhibiting
CD4+ and CD8+ T cell activity [34]. In addition, Foxp3 T
cells are also reported to play a pivotal role in BE develop-
ment; however, the clinical impact of Foxp3+ T cells on EAC
development has remained unknown [9, 10]. This is the first
study demonstrating that the number of Foxp3+ T cells could
increase at the early stage of carcinogenesis, dysplasia and
increased Ki-67 LI. It is possible that dysplastic and prolifer-
ating BE cells have already acquired the ability to recruit
Foxp3 T cells and hamper anti-tumor immune response.

In the present study, CD8+ LPLs in adjacent BE were
associated with lymph node metastasis and significantly

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Su
rv

iv
al

 p
ro

ba
bi

lit
y

CD3+ LPLs low
CD3+ LPLs high

CD8+ LPLs low
CD8+ LPLs high

Foxp3+ LPLs low
Foxp3+ LPLs high
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Fig. 4 Kaplan–Meier curves according to the lamina propria lymphocyte
(LPL) and tumor-infiltrating lymphocyte (TIL) status. a CD3+ LPL sta-
tus. b CD8+ LPL status. c Foxp3+ LPL status. b The high CD8+ LPL
counts were significantly associated with worse prognosis (P = 0.019). d

CD3+ TIL status. e CD8+ TIL status. f Foxp3+ TIL status. e The high
CD8+ TIL counts were significantly associated with better prognosis
(P = 0.010). *P < 0.05
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shorter overall survival of the patients, whereas a high density
of CD8+ TILs was significantly associated with better prog-
nosis of the patients. These results indicated that CD8+ LPLs
represented unfavorable chronic inflammation around the
EAC, and subsequently, poor clinical outcomes. Conversely,
CD8+ TILs could represent effective anti-tumor immune re-
sponses in hosts. The roles of CD8+ T cells in inflammation-
associated cancer have remained debatable [11]. For instance,
in colitis-associated cancer, CD8+ T cells have been reported
to reduce tumor growth via cancer immunosurveillance; how-
ever, they also contribute to inflammation, promoting tumor
growth [11]. Therefore, the definitive roles of cytotoxic CD8+
T cells under the influence of GERD could be complicated.
Previous EAC studies demonstrated that abundant CD8+
TILs were associated with better prognosis [35, 36], but no
significant differences were reported in other studies [37, 38].
In addition, the prognostic impact varied with areas of evalu-
ation; high intratumoral CD3/CD8/Foxp3 infiltrations were
significantly associated with better prognosis; however,
peritumoral lymphocytes had no significant difference, al-
though their mechanisms remained unknown [35]. In the pres-
ent study, the difference detected between LPL and TIL re-
sults could be explained by the methodology used for evalu-
ating lymphocyte infiltration; however, further investigations
are required for clarification.

More than 20% of EAC patients treated with endoscopic
resection develop metachronous EAC in residual BE within
2 years of resection [39]. Endoscopic ablation is, therefore,
recommended to prevent metachronous cancer following
ESD. However, it is also true that a relatively high stricture
rate and recurrence rate have been reported in the literature in
these patients [2]. Therefore, risk stratification of the patients
after ESD is at present required in clinical practice. When the
Foxp3+ T cells are abundant in the EAC-adjacent areas of the
resected specimen, endoscopic ablation or careful surveillance
may be recommended because residual BE is highly likely to
harbor dysplastic and proliferating cells. In addition, especial-
ly in surgically resected cases, when abundant CD8+ T cells
are detected in BE adjacent to EAC, repeated (PET-) CT scans
might be recommended after treatment because these patients
could be more likely to harbor lymph node metastases and
experience adverse clinical outcomes. In endoscopically
resected cases, abundant CD8+ T cells can be one of the
indications of additional surgery because these patients are
more likely to harbor lymph node metastases that were not
detected at the time of endoscopic resection.

One of the limitations of the present study is the relatively
small number of control cases and high-grade dysplasia cases,
which may have increased the margin of error.

The results of our present studies revealed the potential
influence of the tissue immune microenvironment of BE

adjacent to EAC on cancer development and eventual clinical
outcome of EAC patients. High T cell density could be asso-
ciated with EAC development. Foxp3+ T cells possibly in-
crease in number at the early stage of carcinogenesis, and
CD8+ T cells in adjacent tissue of EAC could reflect unfavor-
able inflammatory response and worse prognosis.
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