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Chapter 5
GATA6 expression in Barrett’s oesophagus and
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ABSTRACT
Aims: Barrett’s oesophagus (BO) is characterized by the presence of columnar
metaplastic epithelium. BO can progress towards oesophageal adenocarcinoma
(OAC) through a metaplasia-dysplasia-carcinoma sequence, but the underlying
mechanisms are poorly understood. The transcription factor GATA6 is known to be
involved in columnar differentiation and proliferation. GATA6 gene amplification was
recently linked with poor survival in OAC. Our aim was to investigate the expression
pattern of GATA6 in BO development and progression towards OAC and to correlate
expression with patient survival.
Methods and results: Immunochemistry was performed in 136 patient tissue
samples containing normal squamous oesophageal epithelium, metaplasia,
dysplasia and OAC and in a tissue microarrays containing tissue from 92 patients
with OAC only. GATA6 expression data was correlated with clinocopathological
variables, overall and disease-free survival. The percentage of GATA6-positive
cells was low in squamous epithelium but increased progressively during Barrett’s
oesophagus development and malignant transformation. GATA6 expression was not
associated with overall or disease-free survival outcome in OAC patients (P=0.599
and P=0.700 respectively).
Conclusion: Our findings indicate that GATA6 expression is increased during
Barrett’s development and increases further upon the transformation to OAC.
However, no prognostic value of GATA6 expression could be found in OAC.
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INTRODUCTION
Oesophageal adenocarcinoma (OAC) is a disease with a poor prognosis and rising
incidence (1,2). Barrett’s oesophagus (BO) is the only known precursor lesion of OAC
and is characterized by the replacement of the squamous epithelium by columnar
epithelium in the oesophagus. BO is categorized as either non-intestinal metaplasia
(non-IM) or intestinal metaplasia (IM) (3). IM differs from non-IM by the presence
of goblet cells, and it has been suggested that non-IM might precede IM during BO
development (4,5). Persistent esophagitis due to gastro-oesophageal reflux disease
(GORD) is the main risk factor for the development of BO. However, only a minority
of GORD patients develops BO and an even smaller percentage shows subsequent
malignant transformation through a metaplasia-dysplasia-carcinoma sequence.
Chemoprevention and therapeutic options for BO and OAC are currently limited, in
part by the lack of knowledge regarding the factors that drive the development of BO
and OAC.
GATA6 is a member of the GATA transcription factor family. GATA1, GATA2 and
GATA3 are involved in hematopoiesis while GATA4, GATA5 and GATA6 play a role
in endodermal differentiation (6,7). In particular, GATA6 is involved in intestinal
development. Mouse models showed that GATA6 is involved in regulating proliferation
and differentiation in stomach, small intestine and colon (8-10). Besides its role in
intestinal development, GATA6 seems to be involved as an oncogene in various
gastrointestinal cancers. GATA6 protein expression is increased in pancreatic and
colon cancer. (11-13). GATA6 gene amplification is associated with an adverse
survival in cholangiocarcinoma and pancreatic cancer (14,15). In addition, in vitro
studies have shown that GATA6 is associated with tumor proliferation and invasion
(11,14-16). Interestingly, GATA6 expression is also increased in pancreatitis
suggesting that inflammation may induce GATA6 expression (11).
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The role of GATA6 in a variety of gastrointestinal malignancies, and its association
with inflammation has raised interest in a possible role of GATA6 in BO and OAC.
While the presence of GATA6 in normal squamous oesophageal epithelium is
disputed, several studies showed that GATA6 is expressed in nondysplastic BO,
and is further increased in dysplasia and OAC (17-19). GATA6 gene amplification
has been associated with the transformation of BO towards OAC (19) and a worse
survival of OAC patients (20), but it is unknown whether high GATA6 protein
expression correlates with adverse survival in OAC patients. Also, little is known
regarding the spatial expression pattern of GATA6 along the crypt axis in BO and
how this changes during transformation towards OAC.
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In this study we hypothesize that GATA6 protein expression correlates with columnar
differentiation and subsequent development of dysplasia and OAC, and that GATA6
plays a role in the biologic behavior of OAC. To test these hypotheses the expression
of GATA6 during all stages of BO development and OAC progression was examined
and its association with patient survival was determined.

METHODS
The study was conducted according to the guidelines of our ethics hospital board
(www.ccmo.nl). Archival tissue was handled according to the Dutch Code for proper
use of Human Tissue (www.federa.org).
Patient material

All tissue samples were paraffin-embedded and derived from patients undergoing
treatment or surveillance at the University Medical Center Groningen, the
Netherlands. To investigate GATA6 expression during BO development we
analyzed 86 biopsies containing samples of squamous epithelium (N=43), inflamed
oesophageal epithelium due to GORD (N=16), non-IM BO (N=16) and IM BO
(N=26). All biopsies were collected between 2002 and 2011 during either diagnostic
or surveillance endoscopies, fixated in formalin, embedded in paraffin and stored at
ambient temperature at the archives of the Pathology department of the University
Medical Center Groningen. GATA6 expression during BO malignant transformation
was analyzed using a total of 50 endomucosal resection (EMR) specimens containing
samples of metaplasia (N=19), high grade dysplasia (HGD, N=24) and OAC (stage
˂ IB, N=22). Some samples contained multiple tissue types. All EMR samples were
collected between 2003 and 2012 during EMR-procedures and processed similar to
the biopsy specimens. To correlate GATA6 expression with survival outcome in OAC
patients we constructed a tissue microarray (TMA) containing triplicate cores of 104
OAC tumors from formalin-fixated, paraffin-embedded resection material. The tumor
specimens were derived from patients with pathologic tumor stage ≥ 1B. These
patients underwent an oesophagectomy without neoadjuvant treatment between
1998 and 2008.
Immunohistochemistry

Slides were deparaffinized and antigen retrieval was performed by heating the slides
in 10mM citrate buffer (pH 6.0) for 15 minutes using a 400W microwave. Endogenous
peroxidase was blocked by incubating the slides for 30 minutes in 3% H202 in
phosphate-buffered saline (PBS). Slides were incubated at room temperature with
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the primary antibody against GATA6 (polyclonal rabbit antibody against GATA6,
sc-9055, Santa Cruz, USA; dilution 1:100) for 60 minutes. Control slides were
incubated with rabbit IgG (Dako, Glostrup, Denmark) or PBS. A subset of EMR
samples (N=5) and the TMA were also stained against Ki-67 (mouse monoclonal
antibody against Ki-67, Dako, Glostrup, Denmark; dilution 1:350) for 60 minutes.
Afterwards slides were incubated with a horseradish-peroxidase conjugated goatanti
rabbit secondary and rabbit-anti goat tertiary antibodies (Dako, Glostrup, Denmark;
dilution of both secondary and tertiary antibody 1:50). The staining was visualized
using 3,3’-diaminobenzidine (Sigma-Aldrich, Saint Louis, USA) and slides were
counterstained with haematoxylin.
Staining evaluation

Both the tissue slides and the TMA were scored for localization, intensity and
percentage of positive cells. Localization was scored as either nuclear or cytoplasmic
and intensity was scored as absent (0) weak (1) medium (2) or strong (3). For the
tissue slides, an absolute percentage was estimated. Scoring was performed by
two independent observers. The score for each tissue slide was calculated from an
average of three whole crypts. For squamous epithelium, one representative area
was evaluated. The final percentage was calculated by averaging the estimates
of the two observers. For the TMA, the localization and intensity were scored as
described above. The percentage of positive cells was divided into six categories:
no staining (0), 1≥5% (1), 5≥25% (2), 25≥50% (3), 50≥75% (4) and 75-100% (5).
The score for each tumor sample consisted of an average of three tumor cores.
To correlate GATA6 expression with survival outcome, an Immuno Reactivity Score
(IRS) was obtained by multiplying the intensity score times the score for percentage
of positive cells. Random tissue slides and TMA samples were validated by a blinded
experienced pathologist.
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Statistical analysis

The difference in percentage of positive cells in the biopsy and EMR specimens
was analyzed using the Mann-Whitney test or a Wilcoxon signed rank test when
comparing paired samples and an ANOVA test with Bonferroni correction when
comparing three groups. Overall Survival (OS) was defined as the time interval
between surgery and death or last known follow-up. Disease-Free Survival (DFS)
was defined as the time interval between surgery and date of recurrence, death or
last known follow-up. Patient characteristics were analyzed using Fisher’s exact test.
A quartile analysis was used to study the association between GATA6 expression
and survival outcome. Survival curves were calculated according to the Kaplan-Meier
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method and compared using the log-rank test. Univariate Cox-regression analysis
was performed to identify prognostic factors for OS and DFS. A P-value of <0.05 was
considered as significant in all statistical analyses. Ten patients from the TMA were
excluded from analysis due to in-hospital death. Two patients were excluded due to
insufficient tumor tissue on the TMA. Statistical analysis was performed using the
Prism 5.0 software (GraphPad Software, San Diego, CA, USA).

RESULTS
GATA6 expression in BO metaplasia development

GATA6 expression was localized in the nucleus in all tissue types. Weak GATA6
expression was observed in both normal and inflamed squamous epithelium, but
the intensity of GATA6 expression cells was significantly increased in BO metaplasia
(P<0.001). We did not find a statistical difference in GATA6 intensity between nonIM and IM tissue (P=0.089). The percentage of GATA6-positive cells progressively
increased from normal to oesophagitis (p=0.014) and BO metaplasia (P=0.017)
samples (Figure 1). Percentage of GATA6 expression was similar in both non-IM
and IM BO tissue. GATA6 was preferentially expressed in the lower half of the crypts
(P=0.004 and P=0,010, Figure 1).
GATA6 expression during BO malignant transformation

The intensity of GATA6 expression did not differ between the metaplastic crypts,
HGD and OAC in the EMR slides. However, the number of GATA6 positive cells
showed an increase during malignant transformation of BO metaplasia towards
OAC. The percentage of GATA6 positive cells was higher in HGD compared to
metaplastic crypts (P=0.005, Figure 2). Comparison of metaplastic and HGD crypts
from the same EMR specimens (n=16) revealed an expansion of GATA6 positive cells
throughout the crypt in HGD compared to metaplasia (P=0.002, Figure 2). Within the
EMR specimens, there was no difference in the percentage of GATA6-positive cells
between HGD and OAC. We found that HGD-associated nondysplastic metaplastic
crypts from EMR samples had a higher number of GATA6 positive cells compared
to metaplastic crypts in samples from biopsies without HGD or OAC (P<0.001). To
investigate the relation between GATA6 expression and proliferation we compared
GATA6 and Ki-67 expression patterns in the EMR specimens. We found that Ki-67
expression partially co-localized with GATA6 expression in metaplasia, HGD and
OAC (Figure 2). Similar to the GATA6 expression pattern, we observed nuclear Ki-67
expression predominantly in the lower part of the metaplastic crypts, with expansion
of Ki-67 positive cells along the crypt axis in HGD.
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Figure 1: GATA6 expression during BO development. Nuclear GATA6 expression is absent or low in
squamous epithelium (a,e) and increased in oesophagitis (with characteristic infiltration of inflammatory
cells, denoted by arrows) (b,e). GATA6 expression in BO metaplasia was significantly higher compared
to normal squamous epithelium or oesophagitis (e). GATA6 expression is similar in both non-intestinal
metaplasia (non-IM and intestinal metaplasia (IM) and preferentially localized in the lower half of the crypt
(c,d,f).
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Figure 2: GATA6 expression during BO malignant progression. Compared to high grade dysplasiaassociated metaplasia (HGD-metaplasia) nuclear GATA6 expression is increased in both high grade
dysplasia and oesophageal adenocarcinoma (a-c,g). GATA6 expression partially co-localizes with Ki-67
and both show a progressive increase during BO malignant development (d-f). The increase of GATA6
during progression of BO towards malignancy is further confirmed by comparing GATA6 expression in
metaplastic and dysplastic crypts from the same patient (h).
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Figure 3: GATA6 expression in oesophageal adenocarcinoma. Nuclear GATA6 expression varies in
intensity and is absent in a subset of oesophageal adenocarcinoma samples (a-d). GATA6 expression,
stratified by IRS quartile does not affect overall survival or disease-free survival (e,f)

Association of GATA6 and survival outcome in OAC

To investigate the association between GATA6 expression and survival outcome in
OAC patients we studied GATA6 expression in tumor samples of 92 OAC patients.
GATA6 intensity was strong in 12 tumors (13.0%), medium in 29 tumors (31.5%),

93


weak in 36 tumors (39.1%) and lost in 15 tumors (16.3%, Figure 3). The majority
of tumors showed nuclear GATA6 expression in 75-100% of all tumor cells (67%).
We found no association between GATA6 expression and Ki-67 positivity in the
tumor samples (data not shown). Patient characteristics associated with the TMA
are described in Table 1. Clinicopathological characteristics did not differ between
the groups (Table 1). Univariate analysis showed that pT stage, pN stage and R1
resection are significantly associated with a decreased OS and DFS (Table 2).
However, we did not find an association between GATA6 expression and OS or
DFS (Table 2, Figure 3B). To further validate our finding that GATA6 expression
is not related with survival outcome we compared survival outcome between the
lowest and highest IRS quartile and found no association with survival outcome
(Supplementary figure 1).
Table 1: Patient characteristics
Sex
Male
Female
Age
˂65
≥65
pT
pT1-T2
pT3-T4
pN
pN0
≥pN1
Resection
R0
R1
Angioinvasion
No
Yes
Perineural growth
No
Yes
Lymph invasion
No
Yes
Localization
Mid
Distal
GEJ
Recurrence
No
Yes

94

IRS quartile
1st quartile

2nd quartile

3rd quartile

4th quartile

P-value

21
2

19
4

22
1

19
4

10
13

11
12

8
15

10
13

6
17

8
15

9
14

6
17

4
19

7
16

9
14

8
15

20
3

19
4

22
1

19
4

16
7

17
6

19
4

16
7

16
7

16
7

18
5

16
7

20
3

18
5

21
2

18
5

1
14
8

1
16
6

0
17
6

1
17
5

5
18

10
13

11
12

8
15

0.488

0.879

0.755

0.420

0.531

0.729

0.900

0.597

0.928

0.262

Table 2: Univariate analysis.
N

Sex
Male
Female
Age
˂65
≥65
pT
pT1-T2
pT3-T4
pN
pN0
≥pN1
Resection
R0
R1
Angioinvasion
No
Yes
Perineural growth
No
Yes
Lymph invasion
No
Yes
Localization
Mid
Distal
GEJ
GATA6 expression
1st quartile
2nd quartile
3rd quartile
4th quartile

Overall survival
HR
95% CI
1.24
0.62-2.49

P-value
0.551

Disease-free survival
HR
95% CI
1.24
0.61-2.45

P-value
0.551

0.51

0.31-0.87

0.009

0.66

0.41-1.05

0.080

0.36

0.20-0.64

0.001

0.35

0.20-0.61

0.000

0.37

0.20-0.67

0.001

0.38

0.22-0.66

0.001

0.59

0.31-1.13

0.120

0.44

0.23-0.82

0.010

0.56

0.33-0.95

0.032

0.57

0.34-0.95

0.029

0.78

0.47-1.30

0.359

0.68

0.42-1.10

0.116

1.05

0.55-1.99

0.873

1.06

0.57-1.97

0.847

3

4.62

3.84

1.10-13.41

64
25

1.35
Reference

1 . 3 0 16.42
0.76-2.37

23
23
23
23

1.37
0.70-2.66
1.01
0.51-2.00
1.24
0.64-2.40
Reference

81
11
39
52
29
63
28
64
80
12
68
24
66
26
77
15
0.059

0.102

5

1.09
0.65-1.85
Reference
0.752

0.823
1.33
0.70-2.53
1.04
0.54-2.00
1.10
0.57-2.11
Reference
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DISCUSSION
This study presents the first thorough examination of GATA6 expression at all stages
of BO and OAC. We show that GATA6 protein expression is progressively increased
during BO development and progression towards OAC. GATA6 is not associated with
survival outcome in our large cohort of OAC patients.
Previous studies indicate that GATA6 is involved in the induction of a columnar
differentiation and proliferation (8-10,16). Both are important in BO, as altered
differentiation of stem cells in squamous oesophageal epithelium may underlie the
development of BO metaplasia, and deregulated proliferation is essential for malignant
transformation (21,22). Previous studies reported either low (17,19) or absent (18)
expression of GATA6 in normal squamous epithelium. In our biopsy series we found
that half of the squamous epithelium samples showed weak GATA6 expression,
confirming previous reports by Alvarez et al. and Kimchi et al. (17,19).
As inflammation was correlated with GATA6 expression in the pancreas, we
hypothesized that inflammation due to persistent GERD may similarly induce GATA6
expression in the oesophagus. We found that GATA6 expression is increased
in esophagitis when compared to samples of normal squamous oesophageal
epithelium, but lower than found in Barrett’s metaplasia. Given the role of GATA6 in
intestinal development (8-10) our results warrant further studies to examine whether
components of reflux or inflammation-associated factors contribute to GATA6
expression in squamous epithelium, and whether GATA6 expression might contribute
to the induction of a columnar phenotype.
Previous studies have reported a strong increase of GATA6 expression in Barrett’s
metaplasia compared to squamous epithelium (18,19). However, little is known
regarding its spatial expression and possible differences between IM and non-IM. We
found GATA6-positive cells preferentially in the lower half of the crypt. The GATA6
expression pattern was similar in both non-IM and IM, suggesting that increased
GATA6 expression is an early event in the development of BO. In metaplastic crypts
most, but not all cells expressing GATA6 were also Ki-67 positive. The co-localization
of GATA6 and Ki-67 suggests a role of GATA6 in proliferation. Proliferation was
increased in HGD compared to non-IM and IM, and this was mirrored by an expansion
of GATA6-positive cells along the crypt axis. A possible functional relationship between
GATA6 and Ki-67 is also consistent with the finding that conditional intestinal deletion
of GATA6 in a mouse model resulted in decreased proliferation and less Ki-67 positive
cells in the intestinal crypts (10). However, it is likely that GATA6 expression is not only
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a marker of proliferating cells. First, the basal layer of normal squamous epithelium
contains proliferating progenitor cells (23), but in our study we found that squamous
epithelium often lacks GATA6 expression. Second, we did not find an association
between Ki-67 and GATA6 in a large cohort of OAC samples. Together, our findings
suggest that GATA6 is involved in both proliferation and columnar differentiation.
The percentage of GATA6 positive cells in HGD-associated metaplastic crypts was
increased compared to metaplastic crypts from patients without dysplasia. This may be
explained by a “field effect” in which histologically normal tissue already has molecular
alterations characteristic of dysplasia or malignancy. The existence of a field effect
in BO has been proposed by several authors on the basis of altered expression of
genes on mRNA level, but to our best knowledge this study provides the first evidence
for his notion at protein level (24-28), and suggests that high GATA6 expression in
metaplastic epithelium could be associated with malignant transformation.
We did not find an association between GATA6 expression and survival outcome
in OAC patients. Previously, Lin et al. reported that GATA6 gene amplification
is associated with a shortened OS in OAC patients (20). In their study, using a
comparable sample size to our current study, GATA6 gene amplification was found in
20.5% of OAC specimens while we detected high protein expression of GATA6 in 13%
of OAC specimens. Although we did not examine GATA6 gene amplification, previous
studies reported that GATA6 gene amplification is associated with increased GATA6
protein expression (19,20). GATA6 expression in OAC can be regulated by multiple
mechanisms including, but not limited to gene amplification, making it difficult to
correlate GATA6 protein expression with GATA6 gene amplification. To further explore
the potential prognostic value of GATA6 expression in OAC we compared survival
outcome between the lowest and highest IRS quartile, but we did not find a difference
in either OS or DFS (Supplementary Figure 1).

5

The results of this study show that GATA6 is progressively upregulated during BO
development and malignant progression. While GATA6 protein expression does not
influence survival outcome in OAC, GATA6 may be a driver of BO development and
malignant transformation and deserves further study.
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SUPPLEMENTARY MATERIAL

Supplementary figure 1: Kaplan-Meier survival curves comparing survival outcomeof the 1st and 4th
IRS quartiles. There is no 	
  difference in overall survival (a) or disease free survival (b) between the lowest
and highest IRS quartile.
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