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Low Expression of Transforming Growth Factor β in the 
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Abstract

Background: The aim of this study was to investigate the expression 
of transforming growth factor β (TGF-β) in the different stages of 
Barrett’s esophagus (BE).

Methods: Paired endoscopic esophageal biopsy samples were 
obtained from patients with BE prospectively. Subjects were 
classified into three groups: BE, BE with dysplasia, and adeno-
carcinoma (AC) arising from BE. Biopsy specimens over normal 
esophageal epithelium and gastric cardiac epithelium of limited 
cases were done. Four cell lines, HETA1 (human esophageal epi-
thelium), CA-A and CP-C (non-dysplastic metaplasia), and OE33 
(AC) were analyzed for quantitative mRNA and Western blotting 
of TGF-β.

Results: All 30 subjects with BE were enrolled. Expression of 
TGF-β mRNA in BE were significantly (P < 0.01) lower than that in 
the normal esophagus and cardiac epithelium. The BE tissue showed 
a lower positive ratio of TGF-β immunohistochemical (IHC) stain 
than the cardiac epithelium. The expression of TGF-β mRNA in the 
cell lines CA-A, CP-3, OE-33, was significantly (P < 0.05) lower 
than that in the cell line HETA-1. The Western blotting result showed 
lower TGF-β protein expression of the cell lines CA-A, CP-3, and 
OE-33.

Conclusions: The expression of TGF-β was lower in the tissue of BE.
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Introduction

Barrett’s esophagus (BE) is a premalignant lesion detected 
in the majority of patients with esophageal adenocarcinoma 
(AC), and this cancer is associated with a low rate of survival 
(5-year survival rate, 15 to 20%) [1]. Historically, BE is classi-
fied as short-segment BE (SSBE), when the distance between 
the top of the gastric folds and the squamocolumnar junction 
(SCJ) is less than 3 cm; and long-segment BE (LSBE) is diag-
nosed when the distance is greater than 3 cm [1]. The Prague C 
and M criteria represent the standard classification system and 
categorize BE more precisely, based on the circumferential ex-
tent (C) and the maximum extent (M) of Barrett’s metaplasia 
[2]. Histologically, BE is defined conceptually as the condi-
tion in which the metaplastic columnar epithelium replaces the 
stratified squamous epithelium that normally lines the distal 
esophagus [3, 4].

The metaplastic columnar epithelium can be further clas-
sified into various types depending on specific histological fea-
tures. The most common are nonintestinal and the specialized 
intestinal type that is known as columnar metaplasia; the latter 
is also referred to as intestinal metaplasia (IM). Moreover, Bar-
rett’s epithelium appears to progress sequentially from IM to 
low-grade dysplasia (LGD), high-grade dysplasia (HGD), and 
finally to invasive AC [5].

Dysplasia is defined as neoplastic proliferation within 
epithelial glands that does not affect the basement membrane. 
Dysplastic changes might be taken as early indicators of in-
cipient malignancy. This is important for a correct diagnosis in 
patients with BE because they have a 30- to 40-fold increased 
risk for esophageal AC [6, 7]. However, there are no precise 
and validated landmarks that delimit the distal extent of the es-
ophagus, and thus there are major confounders when attempt-
ing to establish a precise diagnosis of BE in patients with only 
short segments of esophageal columnar epithelium.

Transforming growth factor β (TGF-β), a pleiotropic cy-
tokine, exerts profound regulatory effects on the differentia-
tion and proliferation of epithelial cells [8]. In many human 
cancers, there are inactivating mutations in components of the 
TGF-β pathway resulting in uncontrolled proliferation. In ad-
dition, TGF-β can enhance invasion, motility, and metastasis. 
TGF-β can thus play a dual role in the initiation and malignant 
progression of human cancer [9, 10].

The aim of this study was to explore the expression of 
TGF-β in the different stages of BE.
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Methods

Study enrolling individuals with BE

All 30 subjects with BE were enrolled.

Study design and patients

This study was approved by the review board of Taichung Vet-
erans General Hospital (CF14040), and was conducted accord-
ing to the ethical guidelines of the Declaration of Helsinki. All 
patients with BE provided written informed consent, as well as 
a detailed interview for history and GERD-related symptoms. 
BE is defined as the condition in which the metaplastic colum-
nar epithelium replaces the stratified squamous epithelium at 
the distal esophagus according to AGA guidelines [4].

Paired endoscopic esophageal biopsy samples were ob-
tained from patients with BE and routine histopathology was 
conducted prospectively between November 2012 and Novem-
ber 2014. Endoscopic surveillance was performed according 
to AGA recommendations [4], using white light and narrow 
band imaging (NBI) high-resolution endoscopy (Olympus, 
GIF-H260, Tokyo, Japan). Biopsy specimens of any mucosal 
irregularities and four-quadrant biopsy specimens were ob-
tained at least every 2 cm at the salmon-colored esophagus. If 
dysplasia was suspected, then the four-quadrant biopsy speci-
mens were obtained every 1 cm.

Samples of BE tissue, stained with routine hematoxylin-
eosin (HE) stain, were classified by an expert upper gastroin-
testinal histopathologist into the following groups: 1) BE; 2) 
BE with dysplasia; 3) AC arising from BE.

For all of the enrolled cases, biopsy specimens over the 
normal esophageal epithelium (2 cm proximal to SCJ) and 
gastric cardiac epithelium of these patients were collected for 
analysis. For each biopsy location, two specimens were taken. 
One biopsy specimen was snap-frozen in liquid nitrogen and 
subsequently stored in 0.5 mL TRIZOL reagent (Life Tech-
nologies, Carlsbad, CA) at -80 °C until usage for molecular 
analysis. The other biopsy was used for histopathology and 
immunohistochemical (IHC) analysis and fixed in 4% neutral-
buffered formalin. The specimens from these two locations 
were used as the control group for comparison with specimens 
taken at the esophagus in our enrolled subjects.

Quantitative reverse transcription-polymerase chain reac-
tion (RT-PCR) analysis of TGF-β gene expression

Extraction of RNA from formalin-fixed samples and subsequent 
cDNA synthesis were performed from the tissue of normal es-
ophagus, BE, and cardiac epithelium. PCR reactions were per-
formed in duplicate for each sample, with first strand cDNA 
synthesis kit (Thermo, RevertAid™). Expression of TGF-β 
was determined with primers and probe supplied by Applied 
Biosystems. The target gene expression was normalized against 
mRNA expression of the housekeeping gene glyceraldehyde-

3-phosphate dehydrogenase (GAPDH, Bio Basic Inc.). For each 
sample under investigation, the amount of target gene mRNA 
and GAPDH mRNA was determined from a standard curve.

IHC analysis of TGF-β expression

Tissues of BE and cardiac epithelium that had been fixed in 
neutral buffered formaldehyde and processed into paraffin 
wax by standard histological methods were compared. Three 
µm-thick sections were cut and placed. Sections were dried 
overnight at 60 °C. TGF-β IHC staining was performed, and 
these specimens were reviewed until agreement by an expert 
histopathologist and an expert gastroenterologist was reached. 
Cytoplasmic staining of TGF-β was scored by the percentage 
of positive cells (0, < 10%; 1, 10 - 25%; 2, 26 - 50% and 3, > 
51%), where 0 was classified as negative expression and 1 - 3 
was classified as positive expression [11].

Study using esophageal cell lines

For this study, cell lines derived from normal epithelium, BE, and 
its associated AC were used. HETA1 (human esophageal epithe-
lium), CA-A (non-dysplastic metaplasia), CP-C (IM), and OE33 
(BE associated AC cell lines) were maintained in DMEM. All cells 
were supplemented with 10% fetal bovine serum (FBS), 100 U/
mL penicillin, 100 mg/mL streptomycin, and 2 mM glutamine.

Quantitative RT-PCR mRNA and Western blotting of 
TGF-β from cell lines

Extraction of RNA from these cell lines and subsequent cDNA 
synthesis were performed. PCR reactions were performed in 
duplicate for each sample. For each sample under investiga-
tion, the amount of target gene mRNA and GAPDH mRNA 
was determined from a standard curve.

Theses cell lines were homogenized in phosphate-buffered 
saline. Acid-ethanol treatment of the cellular extract was per-
formed. The protein concentration of the acid-ethanol soluble 
fraction was determined by a bicinchoninic acid protein assay. 
Proteins in the gels were electrophoretically transferred onto 
membranes and probed with anti-TGF-β antibodies.

Statistical analysis

All data were entered into a database using SPSS 12.0. Data 
are expressed as raw, median, mean ± SD, or 95% confidence 
intervals. A P value below 0.05 was considered statistically 
significant. Statistical comparisons were made using inde-
pendent t-test to compare the TGF-β gene expression.

Results

All 30 patients with BE were enrolled, and the demographic 
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data are displayed in Table 1. There was male predominance 
(76.6%) and the age ranged between 26 and 87 years (median: 
62 years). The mean body mass index (BMI) of these individu-
als was 24.69 kg/m2, and the mean waist circumference was 
90.27 cm. A total of 12 subjects (40%) had erosive esophagi-
tis, with most (50%) classified as Los Angeles grade A. There 
were 12 individuals (40.0%) with hiatal hernia. Helicobacter 
pylori infection was observed in only two cases (6.7%).

There were four (13.3%) and 26 (86.7%) cases with LSBE 
and SSBE, respectively. Furthermore, 28 (93.4%), one (3.3%), 
and one (3.3%) cases were classified as BE, BE with dysplasia, 
and BE-associated AC, respectively.

Some enrolled individuals had GERD-associated symp-
toms. The most strongly positive symptom was acid regurgi-
tation (56.7%), following by lump sensation (53.3%), cough 

(23.3%), heartburn (20.0%), and chest pain (16.7%). There 
were six subjects (20 %) without any of the above GERD-
associated symptoms.

The relative values of TGF-β mRNA expression in the epi-
thelium of BE, BE with dysplasia, and AC are shown in Figure 
1. Expression of TGF-β mRNA in the epithelium of these cases 
were significantly (P-value < 0.01) lower than that in the nor-
mal esophagus and gastric cardiac epithelium.

There were 23 cases, comprising 21, one, and one case 
with BE, BE with dysplasia, and AC, respectively, who under-
went TGF-β IHC staining. The scores of IHC stain between 
BE and cardiac epithelium are displayed in Table 2 and Figure 
2. The BE tissue (13 of all 23 cases, 56.5%) exhibited a lower 
positive ratio of TGF-β IHC stain than that of cardiac epithe-
lium (22 of all 23 cases, 95.7%). In Figure 3, concomitant BE, 
dysplasia, and AC were found in one case and negative TGF-β 
IHC stain was found at these different stages of BE.

The relative values of TGF-β mRNA expression of the cell 
lines HETA-1, CA-A, CP-3, OE-33, are shown in Figure 4. 
The values were significantly (P-value < 0.05) lower in the cell 
lines CA-A, CP-3, OE-33, than those in the cell line HETA-1.

The Western blotting results of TGF-β protein expression 
of the cell lines HETA-1, CA-A, CP-3, OE-33 are displayed 
in Figure 5. Similarly, decreased expression of TGF-β protein 
value was found in the cell lines CA-A, CP-3, OE-33, while 
compared to that in the cell line HETA-1.

Discussion

BE is becoming an increasingly important disease due to the 
rapid rise in the incidence of esophageal AC. The development 
of BE is thought to involve a multistep sequence from meta-

Table 1.  Characteristic of Individuals (BE Patients (n = 30))

Basic characteristic
  Age (year) 62.00 ± 16.64
  Gender (male) 23 (76.7%)
  Body weight (kg) 66.78 ± 11.47
  BWI (kg/m2) 24.69 ± 3.28
  Waist (cm) 90.27 ± 9.40
Endoscopic findings
  SSBE/LSBE 26 (86.7%)/4 (13.3%)
  Erosive esophagitis 12 (40.0%)
    L.A. grade A/B/C/D 6/4/2/0
  Hiatal hernia 12 (40.0%)
  H. pylori infection 2 (6.7%)
Histological findings
  BE 28 (93.4%)
  BE with dysplasia 1 (3.3%)
  AC 1 (3.3%)

AC: adenocarcinoma; BE: Barrett’s esophagus; BMI: body mass index; 
LSBE: long-sequment Barrett’s esophagus; SSBE: short-sequment 
Barrett’s esophagus.

Figure 1. The value of TGF-β mRNA in the normal esophagus, Barrett’s esophagus (BE), BE with dysplasia, adenocarcinoma 
(AC), and gastric cardiac epithelium.

Table 2.  TGF-β IHC Stain Scores

IHC stain 0 1+ 2+ 3+ Total
GEJ 10 8 4 1 23
Cardiac epithelium 1 0 4 18 23

GEJ: gastroesophageal junction; IHC: immunohistochemical.
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plastic columnar epithelium to LGD, progressing to HGD, 
and, finally, to AC [1, 12]. BE is diagnosed both endoscopi-
cally and pathologically. Endoscopic examination can detect a 
columnar-lined distal esophagus in patients with BE [1].

Histologically, three types of columnar epithelia have 
been classified in BE: 1) A gastric fundic-type epithelium that 
has mucus-secreting cells, parietal cells, and chief cells; 2) A 
cardia-type (junctional-type) epithelium composed almost ex-
clusively of mucus-secreting cells; and 3) An intestinal-type 
epithelium that contains prominent goblet cells [13]. The fun-
dic- and cardia-type epithelia in BE can be morphologically 
indistinguishable from columnar epithelia found in the stom-
ach. Due to the above mentioned reason, if biopsy specimens 

of suspected BE reveal only fundic- and cardia-type epithe-
lia, it can be difficult to establish that those epithelial types 
are metaplastic because biopsy sampling error can result in 
inadvertent biopsy of the stomach instead of the esophagus, 
especially when only short segments of columnar epithelium 
appear to extend less than 1 cm above the gastroesophageal 
junction (GEJ) [4].

Consequently, endoscopic knowledge of the anatomy of 
the GEJ is key in the diagnosis of BE. In accordance with cur-
rent clinical practices, endoscopists generally identify the GEJ 
as the most proximal extent of the gastric folds, a landmark 
first proposed in 1987 in a small and methodologically flawed 
study [14]. However, the location of the proximal extent of 

Figure 2. Immunohistochemical analysis of TGF-β in Barrett’s esophagus (BE) (score 0) and gastric cardiac epithelium (score 
3) (magnification × 100).

Figure 3. Immunohistochemical analysis of TGF-β in Barrett’s esophagus (BE), dysplasia, and adenocarcinoma (AC) (all score 
0) (magnification × 100).
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the gastric folds is easily affected by respiration, gut motor 
activity, and the degree of distention of the esophagus and 
stomach, all of which can change from moment to moment 
[4]. Therefore, identifying a true GEJ specimen obtained from 
the sampling error-prone cardiac mucosa of patients with BE 
is sometimes difficult.

TGF-β signaling is initiated by activation of type I and 
II transmembrane serine/threonine kinase receptors (TbRI 
and TbRII) which leads to phosphorylation of the intracellu-
lar signaling molecules, Smad2 and Smad3. This complex, in 
association with Smad4, is then translocated into the nucleus 
resulting in transcriptional regulation of target genes such as 
downregulation of c-Myc and upregulation of the cyclin-de-
pendent kinase inhibitors p15 and p21 [15]. The net effect of 
this is to halt the cell cycle in G1, and thus potently inhibit 
proliferation [16]. Thus, the TGF-β signaling pathway restricts 
carcinogenesis in the earlier stages of various tumors.

Gastrointestinal malignancies frequently display inacti-
vating mutations of the TGF-β signaling cascade. In micro-
satellite unstable tumors, 81% of colon cancers and 69% of 
gastric cancers undergo frameshift mutations of TbRII [17]. 
Inactivation of Smad4 has been described in 50% of pancreatic 
adenocarcinomas, 30% of metastatic colorectal cancers, and 
25% of small intestinal carcinomas [18-20].

Several previous studies demonstrated that loss of TGF-β 
signaling is an important factor in BE-related AC. Runx3, a 
target gene of TGF-β signaling, has also been shown to be 
down-regulated in BE-associated AC [21, 22]. Smad4 mRNA 
expression was progressively reduced in the metaplasia-dys-
plasia-adenocarcinoma sequence and Smad4 promoter meth-
ylation was found in 70% of primary BE-related AC samples 
[23]. Other evidence suggests that the inability to degrade Ski-
related novel protein N (SnoN) or loss of protein b2-spectrin 
(b2SP) may be responsible, at least in part, for the unrespon-
siveness of esophageal cancer to the anti-proliferative effect of 
TGF-β [24, 25].

To the best of our knowledge, no studies to date have in-
vestigated the expression of TGF-β in the epithelium of BE. 
According to the results of our study, in both biopsy tissue and 

cell lines from the metaplasia-dysplasia-adenocarcinoma se-
quence, there was a significant reduction in mRNA and protein 
expression of TGF-β. Our result suggests that lower expres-
sion of TGF-β may be a potential biomarker that can be used to 
confirm the biopsy specimen over the GEJ region, which could 
be a superior method compared to analysis of specimens from 
the sampling error-prone cardiac mucosa. This could decrease 
unnecessary repeated endoscopy surveillance if a “true lesion” 
biopsy is taken, or may avoid missing dysplasia or malignancy 
if a “false lesion” biopsy is taken.

There were some limitations in our study. First, our study 
design was hospital-based and included only a small number 
of cases. Furthermore, the very small sample size of dyspla-
sia and AC limits the power of this study. Second, only ethnic 
Chinese cases were enrolled in our study so these findings may 
not be generalized to other populations. Third, the associated 
molecules of TGF-β signaling, TbR or Smad, were not ana-
lyzed in our study. Fourth, in our study, we did not collect GEJ 
sample of “normal subjects”, and it was doubt to conclude low 
expression of TGF-β at the epithelium with intestinalized co-
lumnar metaplasia. Last, the expression of TGF-β was low in 
the epithelium of BE irrespective of the presence of dysplasia 
or associated AC. The lower expression of TGF-β could not 
explain the carcinogenesis of the metaplasia-dysplasia-adeno-
carcinoma sequence.

Conclusions

The expression of TGF-β was lower in the tissue of BE. The 
mechanism remains unclear.
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