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Abstract
Barrett’s esophagus progresses to high-grade dysplasia or cancer along the well-established metaplasia-dysplasia-adenocar-
cinoma sequence. The aim of this study was to evaluate the value of p53, Ki67, and toll-like receptor 5 (TLR5) in prediction 
of malignant progression of Barrett’s metaplasia and low-grade dysplasia. This was a retrospective matched case–control 
study based on Northern and Central Finland population. Patients diagnosed with esophageal high-grade dysplasia or adeno-
carcinoma were included. From these patients, all previous endoscopy samples were obtained along with original diagnostic 
HE-slides and clinical data. Age- and sex-matched patients with non-progressing Barrett’s metaplasia and low-grade dysplasia 
confirmed with follow-up endoscopies were used as controls. Two gastrointestinal pathologist re-reviewed all original HE-
slides, and newly made sections to confirm representative tissue material blinded from clinical data. p53, Ki67, and TLR5 
were immunohistochemically stained. Final cohort included 45 patients with progressive Barrett’s metaplasia (n = 21) or low-
grade dysplasia (n = 24), and 92 patients with non-progressive Barrett’s metaplasia (n = 52) or low-grade dysplasia (n = 40). 
In Barrett’s metaplasia, aberrant p53 expression was observed in 6% of samples in progressors and 0% in non-progressors. 
In low-grade dysplasia, aberrant p53 was seen in 56% of samples in progressors and 17% in non-progressors (Odd’s ratio 
6.7, 95% CI 1.8–24.6). Ki67 or TLR5 showed no association with disease progression. In this matched case–control study, 
p53 expression associated with a high risk of malignant progression in Barrett’s low-grade dysplasia. Routine staining of 
p53 is indicated in expert confirmed low-grade dysplasia.

Keywords Barrett’s esophagus · Esophageal adenocarcinoma · Dysplasia marker · Immunohistochemistry · Surveillance · 
p53 · Ki67 · TLR5

Introduction

Esophageal adenocarcinoma is characterized by increasing 
incidence and poor prognosis [1, 2], preceded by Barrett’s 
esophagus, where normal squamous mucosa is replaced with 
intestinal-type metaplastic columnar epithelium [3]. Excess 
exposure to acid and bile results in chronic inflammation and 
tissue damage, proposedly leading to columnar transforma-
tion [4]. Increasing incidence of Barrett’s esophagus might 
be linked to an increase in the prevalence of obesity-related 
reflux disease [5, 6].

Barrett’s esophagus progresses to dysplasia or cancer 
along the well-established metaplasia-dysplasia-adenocar-
cinoma sequence [7]. This progression is, however, rare 
and the majority of patients will never progress beyond the 
metaplastic state [8, 9]. Despite the low individual risk, 
patients with Barrett’s esophagus carry 150 times greater 
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adenocarcinoma risk than those without [8]. Surveillance 
practices of Barrett’s esophagus vary widely [10], but no 
randomized controlled evidence supports routine follow-up 
[11]. For better risk stratification in non-dysplastic Barrett’s 
esophagus predictive biomarkers are needed to justify early 
treatment or follow-up [12]. Even for low-grade dysplasia 
(LGD), there are limited methods for identifying patients 
at highest risk for malignant transformation to facilitate 
treatment and surveillance [12]. If low-grade dysplasia is 
agreed upon by two expert pathologists, the risk of dysplasia 
progression increases significantly, but agreement is often 
not reached [13]. Previous biomarker studies have focused 
primarily on p53 with promising results, p53 being used in 
routine diagnostics in some centers [14–17]. Novel sampling 
methods, including Cytosponge, for better risk stratification 
have been developed, but these are not yet in routine clinical 
use [18]. Also, Ki67 and Toll-like receptor 5 (TLR5) have 
been suggested as promising biomarkers [15, 19].

The aim of this study was to evaluate the value of p53, 
Ki67, and TLR5 in prediction of malignant progression 
of metaplasia and LGD in a matched case–control study 
derived from Northern and Central Finland.

Materials and methods

Study design and data collection

This study was a retrospective matched case–control study 
based on Northern and Central Finland patients. Those diag-
nosed with high-grade dysplasia or esophageal adenocar-
cinoma were included in the study from Northern Finland 
between January 1, 1998 and December 31, 2013, and from 
Central Finland January 1, 1995 and December 31, 2014. 
Eligible patients were identified from pathology reports. 

From these patients, all previous endoscopy samples were 
obtained along with the original diagnostic HE-slides. Clini-
cal data was collected from the patient records. All patients 
with at least a single endoscopy performed more than 
6 months before the diagnosis of high-grade dysplasia or 
adenocarcinoma, and with a biopsy sample from the esopha-
gus were included. All endoscopies with Barrett’s esophagus 
or low-grade dysplasia during the 6 months before high-
grade dysplasia or adenocarcinoma diagnosis were excluded 
from disease progression analyses.

Controls were identified from hospital archives and 
pathology reports, and included non-progressive Bar-
rett’s metaplasia and non-progressive low-grade dysplasia 
confirmed with follow-up endoscopies performed at least 
5 years after the initial diagnosis, matched by age (± 5 years) 
and sex to the cases.

All original samples were independently re-analyzed by 
two gastrointestinal pathologists (JM, TJK), blinded from 
original diagnoses and clinical data, and compared with 
newly stained HE-sections to verify the quality of paraffin 
blocks in terms of representativeness of Barrett’s metaplasia 
or LGD. In case of discrepancies in diagnosis, the final diag-
nosis was decided with consensus among the pathologists. If 
the paraffin block did not contain representative tissue, the 
case was removed from the study. Histological diagnoses of 
intestinal metaplasia, indefinite for dysplasia, LGD, high-
grade dysplasia (HGD), and adenocarcinoma were assigned 
strictly following the guidelines [20–22]. Due to overlap in 
the diagnoses, indefinite for dysplasia and low-grade dyspla-
sia were combined in the final analysis. Data collection and 
the patient groups are presented in Fig. 1.

The study was approved by the Oulu University Hospital 
Ethics Committee. The need to obtain a written or oral con-
sent from the patients was waived by the Finnish National 
Authority for Medicolegal Affairs (VALVIRA).

Fig. 1  Flow chart of patient 
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Immunohistochemistry

Paraffin-embedded samples were sectioned and stained for 
p53, Ki67, and TLR5. Antigen retrieval was performed by 
exposure to high temperature in 800 W microwave for 2 min 
and 300 W for 15 min in Tris–EDTA buffer (pH 9.0). Immu-
nostaining was performed manually with mouse antibodies 
against TLR5 (NBP2-24787) at a dilution of 1:75, overnight 
in a refrigerator, Ki-67 (Bond, Leica REF PAO230) without 
dilution, 60 min in room temperature, and p53 (DAKO mon-
oclonal mouse clone DO-7), at a dilution of 1:400, 30 min 
in room temperature. For all antibodies, detection of the first 
antibody binding we used Dako REAL EnVision Peroxidase/
DAB + , Rabbit/Mouse, REF K5007 (Dako, Copenhagen, 
Denmark). The reaction was visualized by Dako REAL™ 
DAB + Chromogen. As a negative control, we omitted the 
primary antibody and replaced the primary antibody with a 
non-specific mouse primary antibody isotype.

Exposure (p53, Ki67, and TLR5 staining)

The representative tissue samples were stained with p53, 
Ki67, and TLR5, and the sections were scanned and digi-
tized using Aperio AT2 (Leica Biosystems, Wetzlar, Ger-
many). The staining was analyzed from scanned slides using 
Aperio ImageScope by two independent researchers (O.H. 
and H.H.) strictly blinded to the clinical and outcome data. 
The samples were placed in random order by laboratory staff 
to prevent any possibility of analysis-related bias.

In line with previous studies [14, 15], the following 
cut-off values and classifications for immunohistochemi-
cal expression patterns were used. For p53 and Ki67 only 
nuclear staining was evaluated:

p53 [15, 16]:

1) Intensity: Loss of expression (negative), normal expres-
sion (weak to moderate intensity), overexpression 
(strong intensity). Intensity was considered “aberrant” 
if there was either loss of expression or overexpression.

2) Percentage of positive cells: 0% regarded as nega-
tive, < 15% regarded as normal, 15–40% regarded as 
moderate percentage, > 40% as high percentage.

Ki67 [15]:

1) Percentage of positive cells: < 20% regarded as normal, 
20–50% regarded as moderate percentage, > 50% as high 
percentage.

TLR5 [19, 23]:

1) Intensity: < 2 regarded as low, ≥ 2 regarded as high (in 
scale from 0 to 3).

2) Percentage of positive cells: < 100% low, 100% high
3) Nuclear positivity: ≤ 80% low, > 80% high

Statistical analyses

Baseline characteristics of progressors and non-progressors 
were compared using the Mann–Whitney U test and chi-
square test as appropriate. To estimate the value of p53, 
Ki67, and TLR5 in neoplastic progression, generalized lin-
ear mixed model (GLMM) was used to calculate odds ratios 
(ORs) and 95% confidence intervals (CIs). Both cases and 
controls could have more than one sample collected at dif-
ferent time points, and a case could have more than one con-
trol; therefore, patient ID and matching number were used 
as random effects in GLMM. A two-sided p value < 0.05 
was considered statistically significant. IBM SPSS Statistics 
24.0 (IBM corp., Armonk, NY) was used for all statistical 
analyses.

Results

Initially, cases included 60 patients, who had developed 
HGD or adenocarcinoma during the follow-up with a total 
of 367 endoscopies. Controls included 117 patients with no 
such progression during the follow-up with 578 endoscopies. 
Based on original pathology reports, there were 34 patients 
with progressive Barrett’s metaplasia and 26 patients with 
progressive low-grade dysplasia included in the cases. 
The age- and sex-matched controls (1–3 controls per case) 
included 73 patients with non-progressive Barrett’s meta-
plasia and 44 with non-progressive low-grade dysplasia, 
based on the original reports. All biopsies were screened 
and re-evaluated by the two expert gastrointestinal patholo-
gists, comparing diagnostic HE-slides and new sections from 
the remaining paraffin samples. Adequate and representative 
tissue material within inclusion criteria was left in 45 cases 
in total of 131 samples, and 92 controls with 126 samples. 
Based on this re-evaluation, patients progressing to either 
HGD or adenocarcinoma, were divided into two groups: 
with diagnosis of prior LGD (progressive LGD group, 24 
patients), or with diagnosis of prior metaplasia (progres-
sive metaplasia group, 21 patients). In the progressive LGD 
group, re-evaluation of eventually included samples during 
the whole follow-up resulted with 8 adenocarcinoma, 19 
HGD, 28 LGD, 14 indefinite for dysplasia, and 15 meta-
plasia. In the progressive metaplasia group, final samples 
during the follow-up included 18 adenocarcinomas, 4 HGD, 
and 25 metaplasia, respectively. LGD and indefinite for dys-
plasia groups were further combined in analyses regarding 
progression risk. The group selection is summarized in the 
flow chart (Fig. 1).
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Baseline characteristics including the comparison of the 
case (progressive disease) and control (non-progressive dis-
ease) groups are presented in Table 1.

p53, Ki67, and TLR5 as biomarkers 
for progression in low‑grade dysplasia

p53 intensity and percentage of positive cells

p53 overexpression (high intensity of expression) was com-
mon in cases with progressive LGD. Of 39 LGD samples, 
such overexpression was detected in 22/39 (56%), and in 
15/24 (63%) patients. Numbers in non-progressive LGD 
controls were 8/46 (17%; samples) and 7/40 (18%; patients), 
respectively. p53 overexpression resulted in OR 6.7 (95% 
CI 1.8–24.6) for progression, Fig. 2, Table 2. Percentage of 
p53 positive cells showed no differences between progres-
sive cases and non-progressive LGD controls. High percent-
age was more common in LGD samples when compared to 
metaplasia samples (Table 2; p < 0.001; Fisher exact test.).

Ki67 percentage of positive cells

No significant differences were observed in Ki67 expression 
between progressive cases and non-progressive LGD con-
trols. Moderate and high percentage were common in LGD 
when compared to metaplasia samples (Table 2).

TLR5 intensity, percentage of positive cells 
and nuclear positivity

No significant differences were observed in either TLR5 
intensity, percentage of positive cells or nuclear positivity 
between progressive cases and non-progressive LGD con-
trols (Table 2).

p53, Ki67, and TLR5 as biomarkers 
for progression in Barrett’s metaplasia

p53 intensity and percentage of positive cells

p53 overexpression was never observed in either progressive 
cases or non-progressive Barrett’s metaplasia controls. A 
single metaplasia sample in progressive cases group showed 
loss of expression (Table 2). Percentage of positive cells 
showed no differences between progressive cases and non-
progressive Barrett’s metaplasia controls. High percentage 
was rare (Table 2).

Ki67 percentage of positive cells

No significant differences were observed in Ki67 expres-
sion between progressive cases and non-progressive Bar-
rett’s metaplasia controls. High percentage was rare in both 
groups (Table 2).

Table 1  Baseline characteristics of study groups. Presented numbers in each group are patients

1 At last endoscopy
2 Out of evaluated metaplasia and LGD samples (not including end-point samples of HGD or adenocarcinoma). Samples with missing informa-
tion were excluded

Controls Cases Controls Cases
Non-progressive metaplasia
n = 52

Progressive metaplasia
n = 21

p value Non-progressive 
low-grade dys-
plasia
n = 40

Progressive low-
grade dysplasia
n = 24

p value

Follow-up time, years (IQR) 8.2 (6.0–11.0) 5.3 (1.2–14.6) 0.107 4.9 (1.9–8.2) 5.9 (2.1–7.7) 0.948
Endoscopies, median (IQR) 3 (1–4) 4 (1–5) 0.362 5 (3–6) 6 (3–13) 0.211
Stained samples 54 47 72 84
1Age, years, median (IQR) 66.8 (61.1–71.5) 64.3 (56.5–69.8) 0.603 71.2 (65.0–77.4) 68.5 (60.2–78.4) 0.333
Sex, men 40 (77) 12 (57) 0.152 36 (90) 22 (92) 1.000
1BMI 28.0 (25.5–29.7) 27.5 (25.4–31.7) 0.572 26.5 (24.0–28.1) 26.4 (24.1–30.9) 0.388
2Esophagitis, n (%) 22 (41) 17 (68) 0.024 24 (52) 18 (46) 0.580
2Reflux symptoms 37 (69) 23 (92) 0.023 33 (72) 28 (72) 0.995
2Regular NSAID usage 11 (20) 7 (28) 0.452 8 (17) 11 (28) 0.233
2Prior PPI usage 40 (74) 21 (84) 0.328 37 (80) 28 (72) 0.349
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Fig. 2  p53 expression patterns: 
a normal expression in non-pro-
gressive Barrett’s metaplasial; b 
over expression in progressive 
Barrett’s metaplasia; c normal 
expression in non-progressive 
low-grade dysplasia; d and e 
over expression in progressive 
low-grade dysplasia; and f loss 
of expression in high-grade 
dysplasia. Scale bar 300um

c

ba

fe

d
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TLR5 intensity, percentage of positive cells, 
and nuclear positivity

No significant differences were observed in either TLR5 
intensity, percentage of positive cells, or nuclear positiv-
ity between progressive cases and non-progressive Barrett’s 
metaplasia controls. Overall, lower TLR5 expression was 
observed in metaplasia samples when compared to low-
grade dysplasia samples (Table 2).

Prevalence of aberrant p53 expression 
in metaplasia‑dysplasia‑adenocarcinoma 
sequence

When including all studied samples of HGD and adenocar-
cinoma, and detected Barrett’s metaplasia samples in LGD 
groups, aberrant (either loss of expression or overexpres-
sion) p53 expression increased during follow-up in patients 
with progressive disease when compared to non-progressive 
patients (Fig. 3). In the progressive LGD group, p53 overex-
pression was detected in 18/24 (75%) and loss of expression 
in 4/24 (17%) of HGD and adenocarcinoma samples (end-
point), and the numbers in progressive Barrett’s metaplasia 
group were 9/21 (43%) and 9/21 (43%), respectively. When 
analyzing p53 expression in Barrett’s metaplasia samples 
in the progressive LGD group, aberrant expression was 
observed in 6 metaplasia samples (5 overexpression, 1 loss 

Table 2  Progression risk of non-dysplastic Barrett’s metaplasia and low-grade dysplasia patients related to expression of p53, Ki67, and TLR5. 
Figures indicate the numbers of samples. Percentages are indicated in parentheses

Odds ratios were calculated using generalized linear mixed model where cases and controls were matched by age and sex. Studied immunohis-
tochemical markers in premalignant (metaplasia and low-grade dysplasia) samples were based on HE-diagnoses of two expert gastrointestinal 
pathologists stratified by disease progression status
* Normal expression was based on weak to moderate intensity score
* *Aberrant expression in p53 intensity included both loss of expression and overexpression
*** Overexpression was based on the presence of high intensity score

Non-progressive 
Barrett’s meta-
plasia

Progressive 
Barrett’s meta-
plasia

OR (95% CI) Non-progressive 
low-grade dys-
plasia

Progressive 
low-grade 
dysplasia

OR (95% CI)

Samples n = 54 n = 25 n = 46 n = 39

p53 intensity
  Normal expression* 54 (100) 24 (96) 1 (Ref) 38 (83) 17 (44) 1 (Ref)
  Aberrant expres-

sion**
0 (0) 1 (4) Non est 8 (17) 22 (56) 6.7 (95% CI 1.8–24.6)

  Overexpression** 0 (0) 0 (0) 8 (17) 22 (56)
  Loss of expression 0 (0) 1 (4) 0 (0) 0 (0)

p53 percentage
   < 15% 40 (74) 13 (52) 1 (Ref) 4 (9) 1 (3) 1 (Ref)
  15–40% 12 (22) 11 (44) 2.69 (0.83–8.69) 19 (41) 11 (28) 1.96 (0.11–35.10)
   > 40% 2 (4) 1 (4) 1.73 (0.10–29.16) 23 (50) 27 (69) 4.54 (0.27–75.3)

Ki67
   < 20% 25 (46) 14 (56) 1 (Ref) 1 (2) 4 (10) 1 (Ref)
  20–50% 24 (44) 9 (36) 0.65 (0.20–2.06) 14 (30) 12 (31) 0.21 (0.01–3.80)
   > 50% 5 (9) 2 (8) 0.69 (0.09–5.22) 31 (67) 23 (59) 0.17 (0.01–2.86)

TLR5
  Intensity < 2 41 (76) 20 (80) 1 (Ref) 14 (38) 17 (44) 1 (Ref)
  Intensity ≥ 2 13 (24) 5 (20) 0.83 (0.22–3.09) 32 (62) 22 (56) 0.55 (0.17–1.80)
  Percentage < 100% 38 (70) 12 (48) 1 (Ref) 18 (39) 10 (26) 1 (Ref)
  Percentage 100% 16 (30) 13 (52) 2.73 (0.88–8.49) 28 (61) 29 (74) 2.06 (0.60–7.07)
  Nuclear positiv-

ity ≤ 80%
43 (80) 19 (76) 1 (Ref) 18 (39) 23 (59) 1 (Ref)

  Nuclear positiv-
ity > 80%

11 (20) 6 (24) 1.23 (0.34–4.44) 28 (61) 16 (41) 0.47 (0.15–1.47)
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of expression) in progressors compared to 0 aberrant sam-
ples in non-progressors. Overall, p53 was analyzed from 114 
metaplasia samples (35 from progressor cases and 79 from 
non-progressor controls), with 7 aberrant expression, all in 
progressor cases.

Discussion

In this case–control study of progressive and non-progres-
sive Barrett’s metaplasia and dysplasia patients, p53 associ-
ated with a high risk of progression. The previously sug-
gested markers Ki67 and TLR5 were not associated with 
disease progression.

The main strength of this study is the relatively large sam-
ple size of esophageal adenocarcinomas and high-grade dys-
plasia from two geographical areas, out of which the final 
patient cohort was identified. Endoscopies were performed 
in community setting under routine care, where strict sam-
pling protocol was probably not always used. Therefore, 
these results can be considered as “real-life.” All samples 

were re-cut and stained, evaluated blindly by two expert 
gastrointestinal pathologists and compared with the original 
diagnostic slides to confirm or revise the original diagno-
sis. The new sections also confirmed that the paraffin block 
contained adequate tissue sample for immunohistochemi-
cal analyses. With this strict screening, the final cohort of 
progressive and non-progressive metaplasia and dysplasia 
patients can be considered reliable. All samples with insuf-
ficient tissue, non-confirmed diagnoses and shorter than a 
6-month interval to high-grade dysplasia or adenocarcinoma 
diagnosis were excluded. p53 and Ki67 are routine stain-
ings in surgical pathology laboratories and therefore gener-
alization of these results can be made. However, there are 
also some limitations. With the retrospective design, only 
patients with prior biopsies from Barrett’s esophagus could 
be included, representing a minority of all diagnosed esoph-
ageal adenocarcinomas in the region. However, the study is 
still generalizable to the patients presenting with Barrett’s 
esophagus without dysplasia or with low-grade dysplasia, 
i.e., the population where measures to mitigate the risk of 
malignant transformation would be necessary. Endoscopies 
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were performed slightly more often in progressive cases. 
There is a possibility that in progressive cases there were 
some clinical suspicion or difference in clinical presentation 
that we are not aware of. However, since number of endos-
copies showed no statistical difference, this confounder is 
probably limited.

Commonly known tumor suppressor gene p53 has been 
identified as an important marker for progression in Barrett’s 
epithelium. In a recent systematic review and meta-analy-
sis, a total of 15 studies assessing the potential of p53 was 
reported [24]. Of these, 7 included patients with low-grade 
dysplasia diagnosis and others either did not report exact 
histology or consisted of non-dysplastic Barrett’s meta-
plasia [24]. All these studies had relatively low number of 
patients progressing to high-grade dysplasia or carcinoma: in 
case–control studies a total of 209 progressors and in cohort 
studies 28 progressors were identified [24]. In case–control 
studies, OR of 3.84 (95%CI 2.79–5.27) and in cohort studies 
RR of 17.3 (95%CI 9.35–32.1) was reported for abnormal 
p53 expression. A recent large retrospective cohort study 
including both non-dysplastic and dysplastic Barrett’s meta-
plasia showed high prognostic potential of p53 staining also 
in real-world setting [17]. In the current study, we observed 
somewhat higher OR (6.7, 95% 1.8–24.6), although confi-
dence interval overlapped with those reported previously. 
Of these previous studies, Kastelein et al. is the largest with 
49 progressors (34 with prior low-grade dysplasia and 15 
with metaplasia), and reported RR as high as 11.2-fold in 
case of dysplasia and aberrant p53 expression [16]. They, 
however, do not state whether biopsies prior to end-point 
were excluded, and whether multiple samples per patient 
were used. In our study, last 6 months prior to end-point 
were excluded. In addition to endoscopy and immunohis-
tochemical analysis, novel methods such as Cytosponge 
have been developed [18]. Cytosponge-based p53 overex-
pression has been suggested to be a strong risk factor for 
malignant progression, although positive predictive value is 
relatively low limiting its clinical use [18]. Although with 
limited evidence, ESGE guidelines suggest surveillance even 
in non-dysplastic Barrett’s esophagus except in cases with 
very short metaplasia area [12]. Therefore, based on cur-
rent and previous evidence, it is well justified to conduct 
surveillance in patients with aberrant p53 expression also 
without dysplasia. It could be even possible to offer endo-
scopic treatment due to high progression risk, although this 
change in practice needs further evidence. Expert confirmed 
LGD should undergo endoscopic treatment, and based on 
accumulating evidence especially those with aberrant p53 
expression could benefit from aggressive approach aiming 
for complete eradication [12].

Biomarkers other than p53 suggested for evaluation of 
Barrett’s lesions include Aspergillus oryzae lectin, cyclin A 
and D, alpha-methylacyl-CoA racemase, Ki67, and TLR5 

[15, 19, 25]. None of these have gained wide acceptance 
and have not been suggested for routine use. Ki67, which is 
present in proliferating cells and absent in resting cells [26], 
was associated with malignant progression in a case–control 
study of dysplastic Barrett with 27 progressors [15]. We did 
not observe similar association as Ki67 did not show any 
predictive value. Also TLR5, a receptor recognizing bacte-
rial flagellin and activating immunity reaction, is overex-
pressed in metaplasia-dysplasia-carcinoma sequence [19], 
showed higher expression in LGD when compared non-dys-
plastic Barrett’s esophagus, but seems not to be a potential 
marker for progression. However, sample size and limited 
power can result with some missed positive associations for 
both Ki67 and TLR5, and replication studies are needed.

This study is one of the largest assessing progressive 
Barrett’s esophagus, both with and without dysplasia, and 
has important clinical implications. Currently, there are no 
clear evidence-based guidelines regarding screening or sur-
veillance of Barrett’s esophagus without dysplasia [12]. In 
case of low-grade dysplasia, current European Society of 
Gastrointestinal Endoscopy guidelines suggest surveillance 
interval of 6 months, possibly prolonged to 1 year, but if 
LGD is found in subsequent samples, removal of the dis-
eased mucosa should be offered [12]. Still, when based only 
on histological diagnosis, a 10-year progression rate of LGD 
is around 15% even after consensus of multiple pathologists 
[15]. On the other hand, endoscopic treatment is associated 
with significant adverse events, including a 5% stricture rate 
[27]. With more accurate risk stratification individuals with 
high risk can be treated, accepting the possibility of adverse 
events, while low-risk patients could continue endoscopic 
follow-up. Based on this study, readily available p53 staining 
should be included as a routine staining in Barrett’s esoph-
agus and LGD. If aberrant expression of p53 is detected, 
endoscopic treatment of dysplastic and metaplastic mucosa 
is indicated.

Conclusion

In conclusion, aberrant expression of p53 in LGD is associ-
ated with high risk of progression to HGD or carcinoma. 
Routine staining of p53 is indicated in expert confirmed 
LGD, and aberrant expression of p53 in dysplastic Barrett’s 
epithelium is an indication for endoscopic treatment of the 
diseased mucosa.

Author contribution All authors contributed to the study conception 
and design. Material preparation, data collection, and analysis were 
performed by Olli Helminen and Heikki Huhta. The first draft of the 
manuscript was written by Olli Helminen, and all authors commented 
on previous versions of the manuscript. All authors read and approved 
the final manuscript.



Virchows Archiv 

1 3

Funding Open Access funding provided by University of Oulu includ-
ing Oulu University Hospital. This study was funded by Instrumen-
tarium Science Foundation (OH), Mary and Georg C. Ehrnrooth Foun-
dation (OH, JHK), and Finnish State Research Funding (OH, HH), 
Finnish Cultural Foundation (HH), Vieno, Alli Suorsa’s Healthcare 
Foundation (HH), The Finnish Cancer Foundation (JHK), Sigrid Juse-
lius Foundation (JHK), and Päivikki and Sakari Sohlberg Foundation 
(JHK).

Declarations 

The study was conducted according to the guidelines of the Declara-
tion of Helsinki and was approved by the hospital districts. Use of 
the patient data were approved by the Ethics Committee (EETTMK: 
81/2008). The need for written informed consents was waived by Na-
tional Authority for Medicolegal Affairs (VALVIRA) due to its retro-
spective nature.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Bray F, Ferlay J, Soerjomataram I et al (2018) Global cancer statis-
tics 2018: GLOBOCAN estimates of incidence and mortality world-
wide for 36 cancers in 185 countries. CA Cancer J Clin 68:394–424. 
https:// doi. org/ 10. 3322/ caac. 21492

 2. Lagergren J, Smyth E, Cunningham D et al (2017) Oesophageal 
cancer. Lancet (London, England) Published Online First. S0140–
6736(17)31462–9 [pii]

 3. Phillips WA, Lord RV, Nancarrow DJ et al (2011) Barrett’s esopha-
gus. J Gastroenterol Hepatol 26:639–648. https:// doi. org/ 10. 1111/j. 
1440- 1746. 2010. 06602.x

 4. Sun D, Wang X, Gai Z et al (2015) Bile acids but not acidic acids 
induce Barrett’s esophagus. Int J ClinExp Pathol 8:1384–92.http:// 
www. ncbi. nlm. nih. gov/ pubmed/ 25973 022 (accessed 18 Aug 2018).

 5. Lagergren J, Bergström R, Lindgren A et al (1999) Symptomatic 
gastroesophageal reflux as a risk factor for esophageal adenocarci-
noma. N Engl J Med 340:825–831. https:// doi. org/ 10. 1056/ NEJM1 
99903 18340 1101

 6. Cook MB, Corley DA, Murray LJ et al (2014) Gastroesophageal 
reflux in relation to adenocarcinomas of the esophagus: a pooled 
analysis from the Barrett’s and Esophageal Adenocarcinoma Con-
sortium (BEACON). PLoS ONE 9:e103508. https:// doi. org/ 10. 
1371/ journ al. pone. 01035 08

 7. Brown CS, Ujiki MB (2015) Risk factors affecting the Barrett’s 
metaplasia-dysplasia-neoplasia sequence. World J Gastrointest 
Endosc 7:438. https:// doi. org/ 10. 4253/ wjge. v7. i5. 438

 8. Hvid-Jensen F, Pedersen L, Drewes AM et al (2011) Incidence of 
adenocarcinoma among patients with Barrett’s esophagus. N Engl 
J Med 365:1375–1383. https:// doi. org/ 10. 1056/ NEJMo a1103 042; 
10. 1056/ NEJMo a1103 042

 9. Bhat S, Coleman HG, Yousef F et al (2011) Risk of malignant 
progression in Barrett’s esophagus patients: results from a large 
population-based study. J Natl Cancer Inst 103:1049–1057. https:// 
doi. org/ 10. 1093/ jnci/ djr203

 10. Fitzgerald RC, di Pietro M, Ragunath K et al (2014) British Society 
of Gastroenterology guidelines on the diagnosis and management 
of Barrett’s oesophagus. Gut 63:7–42. https:// doi. org/ 10. 1136/ 
gutjnl- 2013- 305372

 11. Spechler SJ (2013) Barrett esophagus and risk of esophageal can-
cer: a clinical review. JAMA 310:627–636. https://doi.org/10.1001/
jama.2013.226450[doi]

 12. Weusten BLAM, Bisschops R, Coron E et al (2017) Endoscopic 
management of Barrett’s esophagus: European Society of Gas-
trointestinal Endoscopy (ESGE) position statement. Endoscopy 
49:191–198. https:// doi. org/ 10. 1055/s- 0042- 122140

 13. Curvers WL, ten Kate FJ, Krishnadath KK et al (2010) Low-grade 
dysplasia in Barrett’s esophagus: overdiagnosed and underestimated. 
Am J Gastroenterol 105:1523–1530. https:// doi. org/ 10. 1038/ ajg. 
2010. 171

 14. Dolan K, Walker SJ, Gosney J et al (2003) TP53 mutations in malig-
nant and premalignant Barrett’s esophagus. Dis esophagus Off J Int 
Soc Dis Esophagus;16:83–9.http:// www. ncbi. nlm. nih. gov/ pubmed/ 
12823 203 (accessed 18 Aug 2018)

 15. Sikkema M, Kerkhof M, Steyerberg EW et al (2009) Aneuploidy and 
overexpression of Ki67 and p53 as markers for neoplastic progres-
sion in Barrett’s esophagus: a case-control study. Am J Gastroenterol 
104:2673–2680. https:// doi. org/ 10. 1038/ ajg. 2009. 437; 10. 1038/ ajg. 
2009. 437

 16. Kastelein F, Biermann K, Steyerberg EW et al (2012) Aberrant p53 
protein expression is associated with an increased risk of neoplastic 
progression in patients with Barrett’s oesophagus. Gut. https:// doi. 
org/ 10. 1136/ gutjnl- 2012- 303594 (Published Online First)

 17. Redston M, Noffsinger A, Kim A et al (2022) Abnormal TP53 pre-
dicts risk of progression in patients with Barrett’s esophagus regard-
less of a diagnosis of dysplasia. Gastroenterology 162:468–481. 
https:// doi. org/ 10. 1053/j. gastro. 2021. 10. 038

 18. Pilonis ND, Killcoyne S, Tan WK et al (2022) Use of a Cytosponge 
biomarker panel to prioritise endoscopic Barrett’s oesophagus sur-
veillance: a cross-sectional study followed by a real-world prospec-
tive pilot. Lancet Oncol 23:270–278. https:// doi. org/ 10. 1016/ S1470- 
2045(21) 00667-7

 19. Helminen O, Huhta H, Takala H et al (2014) Increased Toll-like 
receptor 5 expression indicates esophageal columnar dysplasia. Vir-
chows Arch 464:11–18. https:// doi. org/ 10. 1007/ s00428- 013- 1505-2; 
10. 1007/ s00428- 013- 1505-2

 20. Odze RD (2009) Barrett esophagus: histology and pathology for the 
clinician. Nat Rev Hepatol 6:478–490. https:// doi. org/ 10. 1038/ nrgas 
tro. 2009. 103

 21. Naini BV, Souza RF, Odze RD (2016) Barrett’s esophagus: a compre-
hensive and contemporary review for pathologists. Am J Surg Pathol 
40:e45-66. https://doi.org/10.1097/PAS.0000000000000598[doi]

 22. Reid BJ, Haggitt RC, Rubin CE et al (1988) Observer variation 
in the diagnosis of dysplasia in Barrett’s esophagus. Hum Pathol 
19:166–178

 23. Helminen O, Huhta H, Leppänen J et al (2016) Nuclear localiza-
tion of Toll-like receptor 5 in Barrett’s esophagus and esophageal 
adenocarcinoma is associated with metastatic behavior. Virchows 
Arch 469:465–470. https:// doi. org/ 10. 1007/ s00428- 016- 1989-7

 24. Snyder P, Dunbar K, Cipher DJ et al (2019) Aberrant p53 immu-
nostaining in Barrett’s esophagus predicts neoplastic progression: 
systematic review and meta-analyses. Dig Dis Sci 64. https:// doi. 
org/ 10. 1007/ s10620- 019- 05586-7

 25. Janmaat VT, Van Olphen SH, Biermann KE et al (2017) Use of 
immunohistochemical biomarkers as independent predictor of 
neoplastic progression in Barrett’s oesophagus surveillance: a 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3322/caac.21492
https://doi.org/10.1111/j.1440-1746.2010.06602.x
https://doi.org/10.1111/j.1440-1746.2010.06602.x
http://www.ncbi.nlm.nih.gov/pubmed/25973022
http://www.ncbi.nlm.nih.gov/pubmed/25973022
https://doi.org/10.1056/NEJM199903183401101
https://doi.org/10.1056/NEJM199903183401101
https://doi.org/10.1371/journal.pone.0103508
https://doi.org/10.1371/journal.pone.0103508
https://doi.org/10.4253/wjge.v7.i5.438
https://doi.org/10.1056/NEJMoa1103042;10.1056/NEJMoa1103042
https://doi.org/10.1056/NEJMoa1103042;10.1056/NEJMoa1103042
https://doi.org/10.1093/jnci/djr203
https://doi.org/10.1093/jnci/djr203
https://doi.org/10.1136/gutjnl-2013-305372
https://doi.org/10.1136/gutjnl-2013-305372
https://doi.org/10.1055/s-0042-122140
https://doi.org/10.1038/ajg.2010.171
https://doi.org/10.1038/ajg.2010.171
http://www.ncbi.nlm.nih.gov/pubmed/12823203
http://www.ncbi.nlm.nih.gov/pubmed/12823203
https://doi.org/10.1038/ajg.2009.437;10.1038/ajg.2009.437
https://doi.org/10.1038/ajg.2009.437;10.1038/ajg.2009.437
https://doi.org/10.1136/gutjnl-2012-303594
https://doi.org/10.1136/gutjnl-2012-303594
https://doi.org/10.1053/j.gastro.2021.10.038
https://doi.org/10.1016/S1470-2045(21)00667-7
https://doi.org/10.1016/S1470-2045(21)00667-7
https://doi.org/10.1007/s00428-013-1505-2;10.1007/s00428-013-1505-2
https://doi.org/10.1007/s00428-013-1505-2;10.1007/s00428-013-1505-2
https://doi.org/10.1038/nrgastro.2009.103
https://doi.org/10.1038/nrgastro.2009.103
https://doi.org/10.1007/s00428-016-1989-7
https://doi.org/10.1007/s10620-019-05586-7
https://doi.org/10.1007/s10620-019-05586-7


 Virchows Archiv

1 3

systematic review and meta-analysis. PLoS One 12. https:// doi. org/ 
10. 1371/ journ al. pone. 01863 05

 26. Scholzen T, Gerdes J (2000) The Ki-67 protein: from the known and 
the unknown. J Cell Physiol 182:311–322. https:// doi. org/ 10. 1002/ 
(SICI) 1097- 4652(200003) 182:3% 3c311:: AID- JCP1% 3e3.0. CO;2-9

 27. Qumseya BJ, Wani S, Desai M et al (2016) Adverse events after 
radiofrequency ablation in patients with Barrett’s esophagus: a 

systematic review and meta-analysis. Clin Gastroenterol Hepatol 
14:1086-1095.e6. https:// doi. org/ 10. 1016/j. cgh. 2016. 04. 001

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1371/journal.pone.0186305
https://doi.org/10.1371/journal.pone.0186305
https://doi.org/10.1002/(SICI)1097-4652(200003)182:3%3c311::AID-JCP1%3e3.0.CO;2-9
https://doi.org/10.1002/(SICI)1097-4652(200003)182:3%3c311::AID-JCP1%3e3.0.CO;2-9
https://doi.org/10.1016/j.cgh.2016.04.001

	Predictive value of p53, Ki67 and TLR5 in neoplastic progression of Barrett’s esophagus: a matched case–control study
	Abstract
	Introduction
	Materials and methods
	Study design and data collection
	Immunohistochemistry
	Exposure (p53, Ki67, and TLR5 staining)
	Statistical analyses

	Results
	p53, Ki67, and TLR5 as biomarkers for progression in low-grade dysplasia
	p53 intensity and percentage of positive cells
	Ki67 percentage of positive cells
	TLR5 intensity, percentage of positive cells and nuclear positivity

	p53, Ki67, and TLR5 as biomarkers for progression in Barrett’s metaplasia
	p53 intensity and percentage of positive cells
	Ki67 percentage of positive cells
	TLR5 intensity, percentage of positive cells, and nuclear positivity

	Prevalence of aberrant p53 expression in metaplasia-dysplasia-adenocarcinoma sequence
	Discussion
	Conclusion
	References


