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Abstract
Oesophageal adenocarcinoma (OAC) is an inflammation-driven cancer with poor prognosis and incidence is increasing rapidly.
OAC arises from gastro-oesophageal reflux disease (GORD) and reflux-induced Barrett oesophagus (BO). The role of T cells in
this disease progression is not yet fully understood.We have previously demonstrated higher proportions of pro-tumour Th2 cells
in BO tissue, implicating them in its pathogenesis. While a Th2 immune profile is thought to underlie the metaplastic transfor-
mation in BO and promote OAC development, our studies suggest that the abundance of Th2 cells in BO tissue is likely to occur
through altered Tcell recruitment. This study examined the chemokine networks governing Tcell migration to oesophageal tissue
during disease progression. Here, we have identified that circulating Tcells in OAC patients, exhibit impaired migratory capacity
with decreased frequencies of Th1-associated CXCR3+ and Th17-associated CCR6+ cells. Despite the abundance of Th1
chemokines RANTES (CCL5) and MIP-1α (CCL3) in OAC tumour, enrichments of intratumoural T cells expressing corre-
sponding receptors were not observed. These data suggest that T cell infiltration of oesophageal tissue is compromised in OAC
and suggest that future therapies targeting T cell trafficking should occur at the pre-neoplastic stage. This is supported by the
finding that antagonism of Th2-biased CCR4 significantly reduces T cell migration in BO but not OAC patients. Since we have
previously reported a predominant Th2 immune profile in BO, we suggest that chemokine receptor antagonism may be a viable
treatment option to alleviate Th2-predominance in BO and interrupt progression to OAC.
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Introduction

Oesophageal adenocarcinoma (OAC) is an inflammatory
driven malignancy, with chronic gastro-oesophageal reflux
disease (GORD) and Barrett oesophagus (BO) defined as ma-
jor risk factors for its development [1]. BO is characterised

pathologically by specialised intestinal metaplasia of the distal
oesophagus, which arises from a background of chronic
GORD, with a prevalence of 1–2% in the general population
[2, 3]. Once patients progress to malignancy, they are faced
with a paucity of treatment options and dismal survival rates
of approximately 18%, due to late presentation of disease and
poor responses to treatment [www.ncri.ie]. Therefore, novel
therapeutic approaches to prevent or slow disease progression
to malignancy are required. Here, we address the potential of
chemokine receptor antagonism and uncover the optimal
timing for such an immunotherapeutic intervention in the
disease sequence.

We have previously identified a Th1 bias in the initiation of
oesophageal inflammation followed by a switch to a Th2 pro-
file in BO [4], which is not only thought to drive the meta-
plastic transformation [5], but is also pro-tumourigenic [6],
thus promoting progression to OAC. In brief, we identified
higher frequencies of IL-4 producing T-cells and secreted
levels of IL-6, confirming a Th2 phenotype in BO, while a
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mix of both pro- and anti-inflammatory cytokines were secret-
ed in the tumour microenvironment in OAC [4]. In addition,
CD4+ T-cells infiltrating tumour tissue displayed a decreased
activation profile, compared with normal tissue. While our
group have reported the key role of specific chemokine net-
works in inflammatory T cell migration to the liver and adi-
pose tissue in OAC patients [7–9], the chemokine profiles
active in the oesophagitis-metaplasia-carcinoma sequence
have not been studied in detail. Furthermore, the pathways
governing Th2 cell accumulation in oesophageal tissues in
BO and a Th1:Th2 mixed profile in OAC are yet to be eluci-
dated. Chemokine receptor antagonism represents a promising
intervention therapy for inflammatory disease and novel tar-
gets are warranted in the space of OAC. So far, CCR5 inhib-
itor, Maraviroc and CXCR4 inhibitor, Plerixafor are approved
for use in HIV-1 and stem cell mobilization, respectively,
while Poteligeo, a CCR4 monoclonal antibody is FDA-
approved for cutaneous T cell lymphoma (CTCL) [10, 11]
[www.fda.gov].

This study firstly examines the T cell chemokine profile in
the serum and oesophageal microenvironment at each disease
stage from oesophagitis to OAC to elucidate the pathways
guiding T cell chemotaxis across the disease sequence and
secondly, explores the potential for chemokine receptor antag-
onism as an immunotherapeutic strategy to skew T cell
migration.

Materials and Methods

Subjects

A total of 92 consecutive consenting patients, attending the
National Oesophageal and Gastric Centre at St. James
Hospital, Dublin were enrolled in this study. The patient group
included 17 oesophagitis patients, 16 healthy controls, 30
Barrett Oesophagus patients and 29 patients with OAC. The
study comprised 57 males and 35 females, with an average
age of 56.8 years.

Sample Preparation

Peripheral blood mononuclear cells (PBMC) were isolated by
density centrifugation using Ficoll-Paque™ Plus (GE
Healthcare). Oesophageal tissue biopsies, collected over a
4 year period, were taken from oesophagitis, BO and OAC
patients. Normal tissue adjacent to BO tissue was also obtain-
ed as a source of normal control tissue. Tissue was digested as
previously described [4]. Serum was isolated from peripheral
blood by collecting and centrifuging whole blood in
SerumClotActivator tubes (Greiner) at 3000 RPM for
10 min at 4 °C. Tissue conditioned media (CM) was prepared
as previously described [4].

Quantification of Chemokine Levels

The V-PLEX™ and single-plex human chemokine plates
(Meso Scale Discovery) were used to detect the levels of
MIP-1α (CCL3), MIP-1β (CCL4), TARC (CCL17), IP-10
(CXCL10), MDC (CCL22), RANTES (CCL5), ITAC
(CXCL11), Fractalkine (CX3CL1) and MIP-3α (CCL20) in
oesophageal tissue conditioned media and patient serum from
a total of 8 oesophagitis, 10 BO, and 10 OAC patients and
serum from 10 healthy controls, and read using a Meso Scale
Diagnostics Sector S600. Chemokine levels (pg/ml) in CM
were normalised to total protein content in biopsy and were
expressed as pg/μg.

Quantification of Chemokine Receptor Expressing T
Cells in Blood and Oesophageal Tissue

Whole blood and single cell suspensions from oesophageal
tissue from 4 oesophagitis patients, 8 BO patients and 5
OAC patients and whole blood from a total of 8 healthy con-
trols were stained with monoclonal antibodies (mAbs) specif-
ic for human surface markers CD3 (eBioscience), CD4, CD8,
CCR5, CCR6 (BD Biosciences), and CCR3, CCR4
(Biolegend) and CXCR3 (Miltenyi Biotec). Cells were ac-
quired using CyAn ADP flow cytometer (Beckman Coulter)
and analysed with FloJo software (TreeStar Inc.).

T Cell Chemotaxis Assays

Recombinant chemokines were used at a concentration of
10 ng/ml in M199 media for migration studies. All
chemokines were purchased from Cell guidance systems, ex-
cept for CCL3 which was purchased from Biolegend. For
antagonism experiments, PBMC were pretreated with chemo-
kine receptor antagonists for 1 h at 37 °C at the following
concentrations: 100 nM AMG 487 (CXCR3 antagonist)
(Bio-techne), 10 nM Vicriviroc Malate (CCR5 antagonist)
(Merck Millipore), 140 nM C021 dihydrochloride (CCR4 an-
tagonist) (R&D systems), 50 nM SB 328437 (CCR3 antago-
nist) (Tocris) or 50 nM SCH 527123 (CXCR1/CXCR2 antag-
onist) (Stratech). Chemotaxis in response to recombinant
chemokines was measured using Corning Transwell® plates
(6.5 mm diameter, 5 μm pore size, Corning,). The bottomwell
was loaded with 600 μl M199 media alone or 10 ng/ml re-
combinant chemokine, 20% FBS was used as a positive con-
trol. The top chamber was loaded with 2 × 105 cells in
100 μl M199 media. Following 2 h incubation at 37 °C and
5% CO2, inserts were removed and cells which had migrated
to the bottom chamber were stained for analysis by flow cy-
tometry and counted using CountBright™ absolute counting
beads as per manufacturer’s instructions (Life technologies).
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Statistical Analyses

Statistical analysis was carried out using Prism GraphPad
Version 5.0. Differences between multiple groups were
assessed using the One way ANOVA with Tukey’s post-hoc
test or paired tests (Wilcoxon Sign Rank) where appropriate.
p values of <0.05 were considered significant. Any non-
reported p values were not significant p > 0.05.

Results

Significantly Diminished Frequencies of Circulating
Th1-Biased CXCR3+ and Th17-Biased CCR6+ T Cells
in OAC, Compared to Earlier Stages of the GORD, BO,
OAC Disease Sequence

Flow cytometric analysis of circulating T cells from patients
across the disease sequence revealed that OAC patients
displayed significantly diminished frequencies of circulating
Th1-biased CD4+CXCR3+ cells (1.79 ± 0.28%) compared to
oesophagitis (38.7 ± 4.32%, p < 0.01) and BO patients (30.11
± 2.42%, p < 0.001, Fig. 1). Similarly within the CD8+ popu-
lation, OAC patients displayed significantly lower frequencies
of circulating CXCR3+ cells (1.36 ± 0.28%) compared to
healthy (35.08 ± 8.80%, p < 0.05), oesophagitis (59.83 ±
5.17%, p < 0.01) and BO patients (45.053 ± 3.33%,
p < 0.001, Fig. 1).

Interestingly, our data also showed significantly lower fre-
quencies of circulating T cells expressing the Th17-biased
receptor CCR6 in OAC patients (CD4: 0.43 ± 0.84%; CD8:
17.28 ± 1.36%) compared to healthy (CD4:13.6 ± 4.11%,
p < 0.05; CD8: 32.41 ± 4.63%, p < 0.05), oesophagitis (CD4:
16.2 ± 13.63%, p < 0.05; CD8 NS) and BO patients (CD4:
16.10 ± 3.371%, p < 0.01; CD8: NS) (Fig. 1).

Significantly Higher Frequencies of T Cells Expressing
the Th2 Receptor CCR3 in the Blood of BO and OAC
Patients while, there Is an Abundance CD4+ T Cells
Expressing the Th1-Biased Receptor CCR5
in Oesophageal Tissue at these Disease Stages

Flow cytometric analysis of circulating T cells from patients
across the disease sequence revealed that BO patient blood
contained significantly larger populations of CD4+ and
CD8+ T cells expressing the predominantly Th2-biased recep-
tor CCR3 (CD4: 6.57 ± 4.74%; CD8: 4.01 ± 0.88%) com-
pared to healthy (CD4: 0.45 ± 0.16%, p < 0.01; CD8: 0.91 ±
0.45%, p < 0.05), suggesting a systemic bias to Th2 cells in
BO. Similarly OAC patients displayed significantly higher
frequencies of CD8+CCR3+ (4.69 ± 0.73%) compared to
healthy (0.91 ± 0.45%, p < 0.05) (Fig. 1). Flow cytometric
analysis of T cells in oesophageal tissue demonstrated

significantly higher proportions of CD4+CCR5+ cells within
BO tissue compared to normal adjacent to BO tissue, and
BO blood (Fig. 1, p < 0.001). Furthermore, our data re-
vealed that the Th1-biased CD4+CCR5+ cells were
enriched in oesophageal tissue of OAC patients compared
to the peripheral blood (Fig. 1, p < 0.001). Interestingly,
the majority of T cells across the disease sequence did not
co-express CCR5 and CXCR3, suggesting that these T
cells are composed of mixed populations with divergent
expression patterns of CCR5 and CXCR3 [data not
shown]. The percentage of cells expressing the Th2-
associated receptor CCR4 was found to be similar across
all patient groups (Fig. 1).

Significantly Higher Concentrations of RANTES,
MIP-1α and MIP-3α in OAC Patient-Derived
Oesophageal Tissue

Chemokines were measured by ELISA in oesophageal tissue
conditioned media (CM) and serum from patients across the
disease sequence and in serum from healthy controls.

Our data identified significantly higher levels of the Th1-
biased chemokine MIP-1α (CCL3) in CM fromOAC patients
(TCM) compared to CM derived from normal tissue adjacent
to BO tissue (NCM) (TCM vs NCM: 229.32 pg/μg v
21.01 pg/μg, p = 0.04). Our analysis of serum chemokine
levels revealed significantly lower levels of MIP-1α (CCL3)
in oesophagitis (11.70 ± 2.13 pg/ml, p < 0.01) and BO (9.31 ±
0.6 pg/ml, p < 0.001) compared to healthy donor (27.64 ±
2.17 pg/ml) and OAC (23.33 ± 2.3 pg/ml,) (Fig. 2).
Furthermore, there were substantially but not significantly
higher levels of the Th1 chemokine IP-10 (CXCL10) in
OAC tumour compared to earlier in the disease sequence
(Fig. 2).

Another striking finding was the significant enrichment
of RANTES (CCL5) in TCM compared to NCM
(228.16 pg/μg vs 12.62 pg/μg, p = 0.004), while serum
levels were similar across the disease sequence (Fig. 2).
RANTES (CCL5) binds both Th1-biased and Th2-biased
chemokine receptors and therefore, demonstrates bias for
both helper T cell populations. It is therefore likely that
RANTES (CCL5) and MIP-1alpha (CCL3) are leading to
accumulations of CCR5+ CD4+ T cells observed in OAC
tumour.

The Th17-biased chemokine MIP-3α (CCL20) was also
significantly enriched in the TCM compared to BO tissue-
derived CM (BCM) (TCM vs BCM: 162.72 pg/μg vs
9.33 pg/μg, p = 0.04), while only detectable at low levels in
the serum across the sequence (Fig. 2).

The Th1 chemokineMIP-1β (CCL4) exhibited significant-
ly lower levels in oesophagitis and BO serum (Oes: 51.63 ±
4.036 pg/ml; BO: 52.51 ± 4.036 pg/ml) compared to healthy
(134.2 ± 18.25 pg, p < 0.01) and OAC serum (125.5 ±
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19.11 pg, p < 0.05) (Fig. 2). TARC (CCL17) is a potent Th2
chemokine that binds to the receptor CCR4, selectively
recruiting Th2 T cells. Interestingly, the secreted levels of
TARC (CCL17) were significantly lower in serum from BO
patients (127 ± 12.02 pg/ml) compared to healthy (457.6 ±
100.8 pg/ml, p < 0.05) and OAC (437.6 ± 83.58 pg/ml, p <
0.05) (Fig. 2). Similarly levels of MDC (CCL22) were signif-
icantly higher in the serum of healthy donors and OAC pa-
tients compared to oesophagitis and BO patients (p < 0.01,
Fig. 2). Levels of ITAC (CXCL11) and Fractalkine
(CX3CL1) were similar across all groups with no significant
differences noted (Fig. 2).

Overall, serum from healthy donors and OAC patients con-
tain higher concentrations of MIP-1α (CCL3), MIP-1β
(CCL4), MDC (CCL22) and TARC (CCL17) compared to
oesophagitis and BO patients suggesting that these disease

stages exhibit systemically altered chemokine signalling and
differ in their ability to retain associated T cells in circulation.
Interestingly, these data suggest that there are significantly
enhanced chemotactic signals in oesophageal tissue from
OAC patients compared to earlier in the disease sequence
and implicate MIP-1α (CCL3), MIP-3α (CCL20) and
RANTES (CCL5) in T cell infiltration at the malignant stage
(Fig. 2).

Circulating T Cells from OAC Patients Have
Significantly Lower Migratory Capacity
to Recombinant Chemokines, Compared to those
Derived from BO Patients

The migratory capacity of circulating T cells was examined
across the disease sequence. PBMC were isolated from the

Fig. 1 Significantly lower frequencies of circulating CXCR3+and
CCR6+T cells in OAC patients while CCR3+T cells are significantly
higher in the circulation of Barrett Oesophagus and OAC patients.
Whole blood from healthy control (Healthy), oesophagitis, Barrett’s and
OAC and oesophageal biopsies from normal tissue adjacent to Barrett
Oesophagus tissue (Normal), oesophagitis, Barrett’s and OAC patients
were immunophenotyped by flow cytometry by staining for CD3, CD4,
CD8, CXCR3, CCR5, CCR4, CCR3 and CCR6. Scatter plots showing

percentage frequencies of CD4+ or CD8+ T cells expressing CCR3,
CCR4, CCR5, CCR6 and CXCR3 in healthy control (Healthy),
oesophagitis, Barrett’s and OAC patient blood (Blood) and normal tissue
adjacent to Barrett Oesophagus tissue (Normal), oesophagitis, Barrett’s
and OAC patient tissue (Tissue). All data is presented as mean ± SEM,
*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, T test (Mann Whitney), (Blood:
Normal = 7–8, Oesophagitis = 3–4, Barrett’s = 7–8, OAC= 4–5, Tissue:
Normal = 4–6, Oesophagitis = 3, Barrett’s = 4, OAC = 4)>
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blood of healthy donors, BO and OAC patients, plated in a
transwell plate and their migration toward the recombi-
nant chemokines IP-10 (CXCL10), MIP-1α (CCL3),
MIP-3α (CCL20), RANTES (CCL5), TARC (CCL17)
and IL-8 (CXCL8) (at a concentration of 10 ng/ml), or a
cocktail of all 6 chemokines (composed of 10 ng/ml of
each) was measured. The migratory capacity of T cells
from OAC patients to the chemokine cocktail was signif-
icantly lower than that of BO patients and substantially
lower than that of healthy donors (OAC vs BO vs Healthy
(% change); 100.395 vs 227.908 vs 596.825, p = 0.04,
Fig. 3). These data suggest that T cells from BO patients
may be more amenable to chemokine-targeted therapies
than those from OAC patients.

CCR4 Antagonism Significantly Reduces Migration
of BO-Patient Derived CD8+ T Cells to Recombinant
Chemokines

To examine whether chemokine receptor antagonism could
represent a viable therapeutic option to alter T cell accumula-
tion and to identify the optimal disease stage to target T cell
migration within diseased oesophageal tissue, PBMC were
pre-treated with CXCR3, CXCR1, CCR3, CCR4 and CCR5
antagonists and the effect on Tcell migration to the chemokine
cocktail was examined. Healthy controls were used as a com-
parator and not a positive control, as such treatments would
not be considered for healthy individuals. Interestingly, cells
from BO patients appeared to be the most responsive to

Fig. 2 Significantly higher concentrations of RANTES (CCL5),
MIP-1α (CCL3) andMIP-3α (CCL20) in tumour conditionedmedia
of OAC patients. Serum was collected from healthy controls (Healthy),
oesophagitis, Barrett Oesophagus and OAC patients. Oesophageal
biopsies were cultured in X-vivo media for 24 h to generate conditioned
media from normal tissue adjacent to Barrett Oesophagus tissue
(Normal), oesophagitis tissue (Oesophagitis), Barrett Oesophagus tissue
(Barrett’s) and tumour tissue (OAC) (Tissue). IP-10 (CXCL10), ITAC

(CXCL11), Fractalkine (CX3CL1), MIP-1α (CCL3), MIP-1β (CCL4),
MIP-3α (CCL20), TARC (CCL17) and MDC(CCL22) levels (pg/ml)
were measured using MSD multiplex and single plex ELISAs and are
shown as pg/ml for serum (Serum) but have been normalised to total
protein in the biopsy and are shown as pg/μg for tissue (Tissue). All data
is presented as mean ± SEM, *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, T test
(Mann Whitney) (Serum: Normal = 10, Oesophagitis = 8, Barrett’s = 10,
OAC = 10, Tissue: Normal = 7, Oesophagitis = 3, Barrett’s = 7, OAC = 7)

Altered T Cell Migratory Capacity in the Progression from Barrett Oesophagus to Oesophageal Adenocarcinoma 61



antagonism, while cells from OAC patients showed little ef-
fect. In PBMC from BO patients, pre-treatment with C021
dihydrochloride, the CCR4 antagonist significantly reduced
BO-derived CD8+ Tcell migration to recombinant chemokine
cocktail (243.0 ± 128.0 cells to 82.43 ± 29.19 cells, p = 0.02)
and substantially reduced that of their CD4+ counterparts
(410.14 ± 150.6 to 71.583 ± 2.77) (Fig. 4). T cells obtained
from OAC patient blood did not demonstrate any response
to receptor antagonism. These results suggest that cells from
BO patients are the most amenable to receptor blockade, and
CCR4 may be a viable therapeutic option to prevent Th2 cell
migration to tissue in BO.

Discussion

Novel therapeutic strategies are required to improve outcomes
for patients with the inflammatory-driven malignancy OAC.
Since GORD and BO have been identified as major risk fac-
tors for this malignancy, therapeutic intervention at the pre-
neoplastic stage is a desirable option and our group have ex-
amined the potential of chemokine targeted therapy in this
disease setting. While chemokines are now accepted to play
a role in the initiation and maintenance of inflammation in
GORD, the chemokine profile in the oesophagitis-
metaplasia-carcinoma sequence has not yet been assessed
[12–14]. We and others have described a role for T cells in
this disease sequence with GORD being characterised by a
pro-inflammatory or Th1 response, BO by a predominantly
Th2 profile and OAC having a mixed inflammatory profile
[4]. It is likely that the production of specific chemokines in
the local oesophageal microenvironment contributes to dis-
tinct T cell recruitment and this has been observed in other
malignancies, including Hodgkin’s lymphoma and Kaposi’s
sarcoma, in which chemokines recruit Th2 cells and cause
suppression of Th1 responses to establish a tumour promoting
environment [15, 16]. This study has examined the chemokine
pathways shaping the T cell profiles in the GORD-BO-OAC
disease sequence in an effort to identify novel prognostic and
therapeutic candidates.

Our data revealed that T cell chemokines RANTES
(CCL5) and MIP-1α (CCL3) were significantly abundant
in OAC tumour, and their secretion was accompanied by
infiltrations of T cells expressing their shared Th1 recep-
tor CCR5. However, antagonism of CCR5 could not re-
duce in vitro T cell migration. Interestingly, our results
demonstrated that CCR4 antagonism could significantly
reduce BO-derived T cell migration. While CCR4 has
been implicated in dermatitis, asthma, gastric and renal
cel l carcinoma and CCR4 monoclonal ant ibody
Poteligeo has been FDA approved for CTCL, our data
indicates its possible involvement in the oesophagitis-
BO-OAC sequence for the first time [16–22]. Since T

cells from OAC patients displayed lower responsiveness
to chemokines and proved less amenable to chemokine
receptor antagonism, targeting CCR4 might offer a safe
and beneficial means of reversing the Th2 cell accumula-
tion at the BO stage and may prevent progression to
OAC. Since our data indicate that the T cell migratory
capacity to chemotactic signals in tumour is deficient by
the time the disease has progressed to the malignant stage,
chemokine-targeted approaches at the pre-neoplastic stage
presents a more viable prophylactic treatment strategy.
Such impaired migratory capacity at tumour stage would
also explain why intratumoural CCR5+ T cell infiltrations
in OAC patients were lower than BO, despite the abun-
dance of their ligands.

The CCR6:MIP-3α pathway is reported to play a signifi-
cant role in Th17 cell recruitment and pathological inflamma-
tion in ulcerative colitis [23–26]. While our data revealed that
there are significantly higher levels of the Th17 chemokine
MIP-3α (CCL20) in OAC tumour, enrichments of
intratumoural CCR6+ Tcells are not observed. The previously
reported internalization of CCR6 upon ligand binding may
lead to reduced detection of such T cells within OAC tumour
and therefore, further work is needed to elucidate the role of
MIP-3α (CCL20) in OAC [27].

Increased expression of the chemokines IP-10 (CXCL10),
ITAC (CXCL11) and MIG (CXCL9) have been shown to
correlate to a better prognosis in colorectal cancer [28].
While the Th1 chemokine IP-10 (CXCL10) was detected at
highest levels in the OAC tumour conditioned media, there
was a significant absence of T cells expressing its receptor
(CXCR3) in the blood of OAC patients and no significant
infiltration of such cells in OAC tumour tissue. The decrease
in circulating CXCR3+ T cells in OAC patients, together with
reduced T cell migratory capacity reflects our finding that
CXCR3 antagonism did not affect OAC-derived T cell migra-
tion to recombinant chemokine cocktail containing IP-10
(CXCL10). Since IP-10 (CXCL10) has been shown to pro-
mote Th1 responses, the lack of its receptor-bearing T cells in
OAC might represent further immune dysfunction at the ma-
lignant disease stage [29]. It is important to note that observed
incongruences between chemokine levels and their

�Fig. 3 Migratory capacity of circulating CD3+T cells to recombinant
chemokines is impaired in OAC, compared to BO patients. PBMC
from healthy donors (white), BO (grey) and OAC (black) patients were
plated in top chamber of transwell plate. Recombinant chemokines
(10 ng/ml) were placed in the bottom chamber, and were incubated for
2 h. Cocktail was composed of 10 ng/ml each of IP-10 (CXCL10) MIP-
1α (CCL3), MIP-3α (CCL20), RANTES (CCL5), TARC (CCL17) and
IL-8 (CXCL8). Bar charts show T cell migration expressed as a percent-
age of migrated cells to media only control (set to 100%). All data is
presented as mean ± SEM, n = 3. Paired t tests were carried out between
treatments (between - and + bars of same colour) and unpaired t tests were
carried out between disease stages. *p ≤ 0.05
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responding T cells in this study are also likely due to the
redundancy in the chemokine system. Furthermore, it is well
reported that many chemokine receptors are internalised

upon ligand binding [9, 27]. Studies have shown that high
levels of chemokines lead to lower levels of their recep-
tors [30, 31]. This complex process is influenced by the
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signals in the external microenvironment and the differen-
tiation status of the cell [9]. These dynamic processes
were not assessed within the scope of this observational
study as the principal aim was to assess the expression
pattern of chemokines and their receptors in blood and
tissue of these patient cohorts.

For the first time, this study has identified a number of
pathways that may potentially play a role in immune cell
recruitment to oesophageal tissue in the GORD-BO-OAC
sequence. However, the anti-tumour potential of targeting
these pathways will have to be assessed using in vivo
models. Our data identified impaired migratory capacity
and reduced susceptibility to chemokine receptor antago-
nism in OAC patient-derived T cells but not BO patient-
derived T cells and suggest that therapeutic intervention at
the pre-neoplastic stage might be preferable. Overall our
data indicate that chemokine-targeted therapies could rep-
resent an exciting approach to attenuate inflammation in
BO patients and potentially prevent progression to OAC.
Future large-scale studies are warranted to elucidate the
benefit of such approaches to a cohort in urgent need of
new and improved treatments.
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