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Abstract
Background Esophageal squamous cell precursor lesions remain one of the most controversial topics in pathology and 
clinical management.
Aims To analyze the dysregulation of human telomerase RNA component (hTERC) in esophageal squamous cell precur-
sor lesions and the clinicopathological correlations with the characteristics of esophageal squamous cell precursor lesions.
Methods Florescence in situ hybridization was performed to detect hTERC amplification in different gradings of esophageal 
squamous cell precursor lesions. With retrospective follow-up data, clinicopathological correlations between hTERC and 
esophageal squamous cell precursor lesions were subjected to logistic regression analysis.
Results hTERC amplification gradually increased with upgrading of dysplasia, reaching the highest level in high-grade 
intraepithelial neoplasia, and there was a significant difference between the low-grade intraepithelial neoplasia group and 
the high-grade intraepithelial neoplasia group (P = 0.00). Logistic regression analysis showed that hTERC amplification was 
correlated with both dysplasia grading and ulcer characteristics of esophageal squamous cell precursor lesions (P < 0.05).
Conclusions hTERC amplification with increasing grading of esophageal squamous cell precursor lesions and the presence of 
ulcer characteristics might provide an important molecular and pathological marker for the diagnosis and clinical prognosis 
of esophageal squamous cell precursor lesions, especially for those ambiguous cases with more divergence in classification.
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Introduction

The incidence of esophageal carcinoma has been increasing 
in recent years, making it the eighth most common malig-
nancy and the sixth highest in terms of mortality world-
wide [1]. There are approximately 400,000 newly diagnosed 
cases of esophageal carcinoma and approximately 300,000 
related deaths worldwide each year, highlighting that this 
disease poses a serious threat to human health [2]. How-
ever, with ongoing advances in fiberoptic scopes to improve 
the detection rate of early-stage esophageal squamous cell 
carcinoma (ESCC), more cases of early-stage ESCC are 
being cured with surgery or radiotherapy; yet, most cases 

do not have obvious clinical symptoms, and most patients 
are diagnosed at an advanced stage of the disease, which 
is usually associated with a poor prognosis. Moreover, the 
prognosis of ESCC is still not as optimistic as other cancers 
of the digestive system, such as colorectal cancer. And the 
reported 5-year overall survival rate ranges from 15 to 40% 
[3, 4]. Therefore, early diagnosis and treatment of ESCC 
is an effective and critical approach to improve the patient 
survival rate.

ESCC undergoes a similar progression as squamous cell 
carcinoma in other tissue types, with a multistage, multifac-
torial, and progressive carcinogenic process. As an impor-
tant stage in the progression of ESCC, esophageal squamous 
cell precursor lesions (ESPLs) have become the most con-
troversial topics of the current research in terms of precise 
pathological grading, molecular mechanism, clinical man-
agement, and prognosis, and ESPLs are observed frequently 
in clinical and pathological practice. The histopathological 
manifestations of ESPLs are structural abnormalities (i.e., 
structural destruction of squamous epithelium and loss of 
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normal cellular polarity) and cytological abnormalities (i.e., 
irregular size and shape of squamous cells, deeply stained 
nucleus, increased ratio of nucleus to cytoplasm, and more 
mitotic figures). Based on a 13.5-year follow-up study with 
682 cases, Wang GQ et al. [5] found that the overall inci-
dence of ESPLs was approximately 114/682 (16.7%), and 
ESPLs presented at various stages of squamous dysplasia, 
such as mild dysplasia (MID), moderate dysplasia (MOD), 
severe dysplasia (SD), and carcinoma in situ (CIS), with car-
cinogenesis rates of 2.9 (1.6–5.2)%, 9.8 (5.3–18.3)%, 28.3 
(15.3–52.3)%, and 34.4 (16.6–71.4)%, respectively.

ESPLs are characterized by certain cytological and archi-
tectural changes in the esophageal epithelium. The World 
Health Organization (WHO) pathology and genetics classifi-
cation system is the only one applied in China, and it is com-
monly used throughout the world. From the point of view of 
earlier studies, the squamous dysplasia mainly originates in 
the basal cells of squamous epithelium and undergoes histo-
logical and cytological microscopic changes from epithelial 
basal cells, progressing to the epidermal surface, until full-
layer squamous dysplasia has occurred. Most pathologists 
are aware that the characteristic pathological morphology 
should be classified as MOD or SD, and most subjectively 
perceive that these histological features have good repeat-
ability. However, there is no general agreement among mul-
tidisciplinary fields regarding the recognition, histological 
classification, management, and prognosis of these challeng-
ing ESPLs. Therefore, it is necessary to identify a molecular 
marker for the accurate histopathological classification and 
subsequent proper clinical management of ESPLs.

Telomeres are short, tandem repetitive DNA sequences 
located at the ends of chromosomes that contain double-
stranded TTA GGG  DNA sequences with a single-stranded 
3′ telomeric overhang. Telomerase is a ribonucleoprotein 
responsible for maintaining telomere length. The telomer-
ase core has two components: catalytic telomerase reverse 
transcriptase (TERT) and telomerase RNA (TERC). TERT 
utilizes the template region (3′-CAA UCC CAAUC-5′) of 
TERC to add TTA GGG  DNA repeats and thereby extend 
single-stranded 3′ telomeric strands [6]. The human tel-
omerase RNA (hTERC) gene is a cellular RNA-dependent 
DNA polymerase, a special type of reverse transcriptase. 
hTERC is the main component of telomerase, and it con-
tains the template telomere DNA sequence and the telomer-
ase protein-binding region. It also has the ability to reverse 
transcribe the human TTA GGG  repeat sequence [7]. With 
the 3′ telomere as a primer, hTERC uses its own RNA as 
a template to synthesize telomeric DNA, whose function 
is to maintain telomere length at the end of chromosomes 
in eukaryotic cells, thereby protecting these chromosomal 
ends from being degraded or linked to other chromosomes 
[8]. In clinical studies, aggressive metastatic disease and 
poor prognosis have been correlated with high telomerase 

expression and activity in ovarian, breast, colorectal, pros-
tate, and gastric cancer and melanoma [9], and some previ-
ous studies have shown the aberrant amplification of the 
hTERC gene in Barrett’s esophagus [10] and ESCC [11, 
12]. In this study, we investigated the hTERC expression 
profile in formalin-fixed, paraffin-embedded (FFPE) ESPL 
tissues and retrospectively analyzed the relationship between 
hTERC expression and clinicopathological characteristics of 
ESPL patients using detailed follow-up data.

Materials and Methods

Study Population

A total of 51 patients with ESPLs from Beijing Luhe Hos-
pital, Capital Medical University, in Beijing, China, were 
enrolled in this study as the subject population for validation 
of hTERC expression (40 males (78.4%) and 11 females 
(21.6%); age range, 30–83 years; mean age, 60 ± 13 years). 
Diagnosis criteria were preferentially based on the WHO 
Classification System [5, 13], in which ESPLs are clas-
sified into two groups of intraepithelial neoplasia: low-
grade intraepithelial neoplasia (LGIEN) and high-grade 
intraepithelial neoplasia (HGIEN). If a diagnosis with 
two categories, such as LGIEN-HGIEN, was given, the 
higher grade was used in this study. In addition, 21 cases 
of ESCC and 21 cases of normal squamous esophageal 
epithelium (NS) were selected as the positive and negative 
control groups, respectively. According to the area of lym-
phatic infiltration, 51 cases were divided into three groups 
(≤ 33%,34–66%, ≥ 67%). This study was approved by the 
Ethics Committee of Beijing Luhe Hospital of Capital 
Medical University, Beijing, China. Informed consent was 
waived by the Ethics Committee of Beijing Luhe Hospital 
of Capital Medical University as patients were identified ret-
rospectively, according to institutional review board exempt 
protocols.

All patients included in the study met the following 
criteria: (1) initial ESPL patients with no previous his-
tory of ESCC; (2) esophageal mucosal biopsies were con-
ducted using endoscopic procedures, and the sections were 
stained with hematoxylin and eosin (HE); (3) all cases were 
reviewed by three experienced pathologists in a joint consul-
tation and grouped according to the consensus diagnosis; (4) 
complete clinicopathological information and follow-up data 
were available; and (5) a minimum follow-up of 1.5 years (or 
until progression to malignancy occurred) was conducted. In 
some cases, if the sample was taken from an improper site 
on suspicious esophageal mucosa, those cases diagnosed as 
invasive ESCC within 3 months after initial biopsy were 
excluded. Then, 51 cases were selected retrospectively from 
the pathology database from 2005 to 2018 in this study. The 
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duration of the follow-up period was from 1.5 to 13 years, 
and the malignant transformation period was an average of 
38 months (7–86 months).

In this study, hTERC gene amplification in ESPLs in four 
groups (NS, LGIEN, HGIEN, and ESCC) was statistically 
analyzed. Follow-up was performed at the third and sixth 
months after the initial diagnosis. Then, the patients with 
low-risk lesions and NS were followed up every 12 months, 
and those with high-risk lesions were followed up every 
6 months.

Amplification of hTERC by Fluorescence In Situ 
Hybridization (FISH)

Esophageal mucosa tissue specimens were fixed with 10% 
buffered formalin for 12 h, cleared in xylene, rehydrated in 
an alcohol gradient, conventionally embedded in paraffin, 
cut into 2–3-μm-thick slices, and affixed to anti-slip piece 
slides.

The hTERC detection procedure followed the instructions 
of the FISH detection kit. The slides were deparaffinized in 
xylene, digested with pepsin K for 8 min, eluted with sodium 
chloride citrate dihydrate (SSC) at room temperature, dehy-
drated in an ethanol series (70%, 85%, and 100%), and air-
dried. Then, the slides were placed in hybridization solution 
in a dark room, coverslipped, sealed with rubber sealant, 
denatured at 73 °C for 5 min, and hybridized overnight at 
42 °C. The coverslip was removed, and the slides were incu-
bated three times in 50% 2 × SSC solution for 10 min each 
at 46 °C, once in 2 × SSC solution for 10 min, and once 
in 2 × SSC/0.1% Nonidet P-40 solution for 5 min; then, the 
slides were rinsed for 3 min in 70% ethanol, air-dried at 
room temperature, stained with 4,6-diamidino-2-phenylin-
dole (DAPI), coverslipped, and observed under a fluores-
cence microscope (Zeiss Imager M2 AX10).

hTERC FISH Signal Scoring and Evaluation

The hTERC FISH detection kit (Cervical cells kit, Beijing 
GP Medical Technologies, Ltd., Beijing, China) includes 
the GLP TERC/CSP3 probe group. The chromosome probe 
3q26.3 (hTERC) is labeled with the SpectrumRed fluoro-
phore and has the sequence 5′-CUA ACC CUAAC-3′; the 
CSP3 probe is labeled with the SpectrumGreen fluorophore 
and has a proprietary sequence. The control CSP3 probe 
hybridizes with the 3p11.1-q11.1 region of the centromere in 
chromosome 3. There were 2 red and 2 green hybridization 
signals in each interphase nucleus of cells without hTERC 
gene amplification. At least 2 green signals and > 2 red sig-
nals should be detected in each interphase nucleus of cells 
with hTERC gene amplification.

FISH results were evaluated according to the kit instruc-
tions: (1) normal: 2 red and green signals in a single 

interphase nucleus; (2) abnormal/hTERC gene amplifica-
tion: > 2 red signals and ≥ 2 green signals in a single inter-
phase nucleus. One hundred cells were randomly observed 
in each case, and the percentage of abnormal hTERC sig-
nals was determined. The abnormal threshold was calculated 
using the equation average + 3 × standard deviation to be 7% 
according to the positive threshold mentioned in the kit (cer-
vical cell TERC site amplification kit) in this experiment. 
A total of 100 cell nuclei were randomly counted in each 
sample. If the percentage of cells with an abnormal signal 
was higher than the abnormal threshold, then the sample was 
characterized as positive; if the percentage was lower than 
the abnormal threshold, then the sample was characterized 
as negative; if the percentage was equal to the abnormal 
threshold, then more cells were analyzed to obtain the final 
result.

All slides were observed independently by two experi-
enced pathologists, and the results were reached by consen-
sus with a third more senior pathologist if necessary. All 
reviewers were blinded to ESPL clinical information.

Statistical Analysis

Statistical analysis was performed using SPSS version 19.0 
(SPSS for Windows, SPSS Inc., Chicago, IL, USA). Then, 
one-way ANOVA and the Chi-square test were used to ana-
lyze significant differences in hTERC amplification between 
the different ESPL groups and the control groups (NS and 
ESCC groups). Univariate analysis and logistic regression 
were performed to analyze the correlations between hTERC 
expression and clinicopathological characteristics of ESPLs. 
P < 0.05 indicated a statistically significant difference.

Results

Patient Demographics

A total of 51 cases were divided into two groups based on 
two classification systems: 25 cases of LGIEN and 26 cases 
of HGIEN. The mean age of the 51 ESPL patients was 
60 ± 12 years (range 30–83 years), and 40 males (78.4%) 
and 11 females (21.6%) were included. There were 25 cases 
of ESPLs with ulcers (49.0%). According to the extent of 
lymphocytic infiltration in mucosal tissues, all 51 cases of 
ESPLs were divided into two groups: 40 cases of less than 
one-third infiltration (78.4%) and 11 cases of less than two-
third infiltration (21.6%). The proportion of patients with a 
smoking history was 51.0% (26/51), and 37.3% (19/51) had 
a drinking habit. The overall carcinoma transformation rate 
of ESPLs was 25.5% (13/51). The distribution of clinico-
pathological characteristics of all 93 cases, including 21 of 
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NS and 21 of ESCC, is provided in Table 1. The pathological 
morphology of the ESPLs is shown in Fig. 1a, c, e.

Amplification of hTERC

All 93 FFPE samples were subjected to hTERC gene ampli-
fication analysis. After FISH analysis, the 93 cases were 
characterized as positive or negative using the threshold 
value. The overall amplification of hTERC in ESPLs was 
43.1% (22/51). Compared with the 21 cases of NS and 21 
cases of ESCC, hTERC amplification in ESPL samples grad-
ually increased with advancing dysplasia grade, reaching the 
highest level in HGIEN. Moreover, hTERC amplification 
was not found in any NS cases but was detected in all ESCC 
cases (100%). hTERC gene amplification in ESPLs in four 

groups (NS, LGIEN, HGIEN, and ESCC) was statistically 
analyzed.

Amplification of the hTERC gene gradually increased 
with the degree of dysplasia in ESPLs, and there were sig-
nificant differences among the six groups (P = 0.00) and 
among the four groups (P = 0.00). Furthermore, within the 
four groups, there was a significant difference between most 
pairs of adjacent groups: LGIEN and HGIEN (P = 0.00) 
and HGIEN and ESCC (P = 0.01) but not NS and LGIEN 
(P = 0.29). The summary of differential hTERC amplifica-
tion in 51 cases of ESPLs and the control groups as deter-
mined by FISH is shown in Table 2. The histological obser-
vations of hTERC amplification in ESPL cases and controls 
by FISH microscopy are shown in Fig. 1b, d, f.

Correlation of hTERC Amplification 
with Clinicopathological Parameters in ESPLs

To further analyze the correlation between hTERC amplifi-
cation and clinicopathological characteristics of ESPL cases, 
logistic regression was subsequently performed. As shown 
in Table 2 and Fig. 1, hTERC gene amplification increased 
with more advanced dysplasia grade, and the trends of 
increased hTERC amplification also correlated with dys-
plasia grade in the logistic regression analysis (P = 0.00). 

Table 1  Demographics and clinicopathological parameters of all 93 
cases

NS normal squamous esophageal epithelium; LGIEN low-grade 
intraepithelial neoplasia; HGIEN high-grade intraepithelial neoplasia; 
ESCC esophageal squamous cell carcinoma

Group Characteristics

NS (%) LGIEN (%) HGIEN (%) ESCC (%)

Total (%) 21 (100) 25 (100) 26 (100) 21 (100)
Gender
 Female 12 (57.1) 6 (24.0) 5 (19.2) 3 (14.3)
 Male 9 (42.9) 19 (76.0) 21 (80.8) 18 (85.7)

Mean age 56 ± 12 56 ± 14 63 ± 10 63 ± 9
Site
 ≤ 24 cm 0 (0) 4 (16.0) 5 (19.2) 1 (4.8)
 25–32 cm 0 (0) 6 (24.0) 7 (26.9) 12 (57.1)
 33–40 cm 21 (100) 12 (48.0) 9 (34.7) 7 (33.3)
 Other 0 (0) 3 (12.0) 5 (19.2) 1 (4.8)

Ulcer
 No 21 (100) 18 (72.0) 8 (30.8) 5 (23.8)
 Yes 0 (0) 7 (28.0) 18 (69.2) 16 (76.2)

Lymphocyte infiltration
 ≤ 33% 20 (95.2) 21 (84.0) 19 (73.1) 6 (28.6)
 34–66% 1 (4.8) 4 (16.0) 7 (26.9) 11 (52.4)
 ≥ 67% 0 (0) 0 (0) 0 (0) 4 (19.0)

Pack-years smoked
 None 14 (66.7) 12 (48.0) 13 (50.0) 9 (42.9)
 ≤ 40 5 (23.8) 6 (24.0) 7 (26.9) 2 (9.5)
 > 40 2 (9.5) 7 (28.0) 6 (23.1) 10 (47.6)

Drinking habit
 No 19 (90.5) 17 (68.0) 15 (57.7) 9 (42.9)
 Yes 2 (9.5) 8 (32.0) 11 (42.3) 12 (57.1)

Prognosis
 None 21 (100) 21 (84.0) 17 (65.4)
 Progression 0 (0) 4 (16.0) 9 (34.6)

Fig. 1  a Normal squamous esophageal epithelium (NS); HE × 100. 
b NS; CEP3: hTERC, 2: 2; FISH × 1000. c Low-grade intraepithe-
lial neoplasia (LGIEN); HE × 100. d LGIEN; CEP3: hTERC, 2: 
2; FISH × 1000. e High-grade intraepithelial neoplasia (HGIEN); 
HE × 100. f HGIEN; CEP3: hTERC, 2: 3; FISH × 1000
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Furthermore, the ratio of cells with hTERC amplification 
was significantly higher in ESPL cases with ulcers than in 
cases without ulcers (P = 0.02). Otherwise, hTERC ampli-
fication showed no significant difference based on any other 
clinicopathological parameter, e.g., age, ESPL site in the 
esophagus, smoking or drinking habit, lymphocyte infiltra-
tion in mucosal intrinsic stroma of ESPLs, and carcinoma 
transformation (P > 0.05). Logistic regression analysis of 
hTERC amplification with clinicopathological parameters 
of ESPLs is shown in Table 3.

Discussion

In the 2000 WHO classification [14], a two-tier system was 
initially introduced to replace the classical three-tier system 
of MID, MOD, and SD/CIS. The views of Japanese and 
Western pathologists have differed significantly regarding 
the pathological criteria of squamous dysplasia and ESCC. 
Before the term of intraepithelial neoplasia of the esophagus 
was introduced in the 2000 WHO classification [14], SD 
diagnosed according to the WHO classification was usu-
ally equivalent to CIS or noninvasive ESCC diagnosed by 
Japanese pathologists. Moreover, one particular situation is 
the presence of basal layer-type CIS, which is often under-
diagnosed as low-/high-grade intraepithelial neoplasia by 
Western pathologists. In the 2010 WHO classification [12], 
the lower portion of MOD was grouped with MID to form 
the LGIEN group. The upper portion of MOD was grouped 
with SD/CIS to form the HGIEN group. To a large extent, 
these changes simplified the classification system for ESPLs 
and reduced the divergence among pathologists. While deal-
ing with MOD, pathologists need to classify the lower and 
the upper portions into LGIEN and HGIEN according to the 
morphology. Then, there is inevitably subjective variabil-
ity in the pathological classification. Additionally, because 
HGIEN ranges from some upper portion of MOD to CIS, 

both clinicians and pathologists still consider that the upper 
part of MOD should be treated differently from CIS, the 
latter of which is considered to require more aggressive 
treatment strategies. Therefore, in most Chinese hospitals, 
although the two-level classification criteria were adopted, 
most pathologists are still accustomed to adding an explicit 
suffix category, such as “MOD-SD” or “CIS,” as supple-
mentary instructions to facilitate better guidance with proper 
management and prognosis, especially when dealing with 
grading of precursor oral, laryngeal, and esophageal lesions. 
Therefore, there are still some issues that need to be resolved 
in terms of the exact pathological classification of esopha-
geal squamous epithelial lesions [15].

The most prominent clinical feature of ESPLs is the 
instability of bidirectional development: ESPLs can either 
progress into ESCC or remain unchanged at one stage for 
many years until they return to normal. Skacel et al. [16] 
analyzed the prognosis of esophageal low-grade intraepithe-
lial lesions using 2-year and 6-month follow-up data of 25 
cases and found that 60% naturally subsided, 12% remained 
at the original grade, and 28% progressed to high-grade 
intraepithelial lesions or ESCC. As the degree of dysplasia 
in the esophageal squamous epithelium increases, the risk 
of progression to ESCC also increases. Therefore, appropri-
ate clinical treatment and management should be adopted 

Table 2  Amplification of hTERC in ESPLs by FISH

NS normal squamous esophageal epithelium; LGIEN low-grade 
intraepithelial neoplasia; HGIEN high-grade intraepithelial neoplasia; 
ESCC esophageal squamous cell carcinoma
*P < 0.05: All groups of ESPLs (P = 0.00); LGIEN versus HGIEN 
(P = 0.00); HGIEN versus ESCC (P = 0.01)

Group n (%) hTERC

Positive, n (%) Negative, n (%) P

NS 21 (22.6) 0 (0) 21 (100)
LGIEN 25 (26.9) 3 (12.0) 22 (88.0)
HGIEN 26 (27.9) 19 (73.1) 7 (26.9) 0.00*
ESCC 21 (22.6) 21 (100) 0 (0) 0.01*
Total 93 (100) 43 (46.2) 50 (53.8) 0.00*

Table 3  Correlations of hTERC amplification with clinicopathologi-
cal parameters and the prognosis of 51 ESPL cases

*P < 0.05

Parameters hTERC Reg. coeff. P value OR (95% CI)

Pack-years smoked
 None 10 (45.5) Reference 1
 ≤ 40 7 (31.8) 0.56 0.42 1.75 (0.45–6.77)
 > 40 5 (22.7) − 0.06 0.93 0.94 (0.24–3.71)

Drinking habit
 No 12 (54.5) Reference
 Yes 10 (45.5) 0.62 0.29 1.85 (0.59–5.85)

Grade of dysplasia
 LGIEN 3 (13.6) Reference 1
 HGIEN 19 (86.4) 19.38 0.00* 19.905 (4.507–

87.904)
Ulcer
 No 7 (31.8) Reference 1
 Yes 15 (68.2) 1.40 0.02* 4.07 (1.25–13.24)

Lymphocyte infiltration
 ≤ 33% 3 (13.6) Reference 1
 34–66% 13 (59.1) 1.63 0.03* 5.12 (1.15–22.73)
 ≥ 67% 6 (27.3) 1.65 0.06 5.20 (0.92–29.26)

Carcinoma transformation
 None 14 (63.6) Reference 1
 Progression 8 (36.4) 1.01 0.13 2.74 (0.75–10.04)
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according to different classifications of ESPLs. However, in 
clinical and pathological practice, the precise grading and 
histopathological diagnosis of ESPLs, especially for MOD 
or SD lesions, inevitably remains controversial. Wang GQ 
et al. [5] and the 2010 WHO Classification of Tumours of 
the Digestive System [10] both showed that SD and CIS 
have a similar risk of progression to ESCC and should be 
grouped together for clinical management. This finding may 
be due to the presence of residual squamous epithelium on 
the mucosal surface of the esophagus or incomplete histo-
logical structure of the squamous epithelium in the endo-
scopic biopsy tissue, which may confuse the pathological 
grading of ESPLs regarding whether squamous cell dys-
plasia exceeds one-half of the epithelium or covers the full 
thickness.

Telomeres have a capping function in which they pro-
tect the ends of chromosomes from degradation and fusion 
[17]. Telomerase activity is temporally regulated in accord-
ance with organismal development; it is detected at the fetal 
and newborn stages but gradually declines to extremely 
low or absent levels thereafter, except in cells with higher 
regenerative proliferation, including hematopoietic, epider-
mal, and gastrointestinal cells [9, 18, 19]. Hsu et al. [11] 
found that the hTERT and hTERC genes were expressed 
in 64.9% and 79.7% of 74 specimens of ESCC, respec-
tively. Even though telomerase expression is not related 
to tumor stages and prognosis, the cumulative 4-year sur-
vival rates of telomerase-positive and telomerase-negative 
cases were 35.9% and 31.2%, respectively (P = 0.84). In 
this study, hTERC gene amplification gradually increased 
with the severity of dysplasia in ESPLs and showed signifi-
cant differences between the LGIEN (12.0%) and HGIEN 
(73.1%) groups in the two-tier classification, showing an 
approximately sixfold increase in hTERC amplification. 
These findings indicated that hTERC might be a valuable 
molecular marker for assisting with the pathological clas-
sification of ESPLs, especially for discriminating LGIEN 
and HGIEN. Moreover, during routine pathological practice, 
the pathologist could refer to hTERC expression to guide 
grading when encountering histological morphology with 
more divergence in indeterminate ESPLs between LGIEN 
and HGIEN. The existence of hTERC amplification may be 
indicative of high-risk lesions, and some pathologists would 
classify specimens with hTERC amplification as HGIEN; 
in contrast, no hTERC amplification may suggest low-risk 
lesions, and some specimens without hTERC amplification 
are more likely to be classified as LGIEN, thus enhancing 
the confidence of pathologists in the auxiliary classification 
of controversial cases of ESPLs and facilitating more appro-
priate and effective clinical treatment.

The altered expression of telomerase could illustrate its 
potential applications in diagnostic and prognostic assess-
ments and clinical treatment, and it is expected to become a 

valuable molecular marker in clinicopathology. The distinct 
phenotypic disparity between different groups of ESPLs cre-
ates the potential for hTERC to serve as a universal cancer 
biomarker for disease diagnosis and prognosis. Previous 
studies have shown a potential correlation between high 
telomerase expression and poor prognosis and aggressive 
metastasis of some malignancies, including ovarian, breast, 
prostate, liver and colorectal cancer, and melanoma [9, 
20–23]. Moreover, there is a valuable correlation between 
telomerase expression and clinical factors related to drug 
resistance in breast [24] and gastric [25] cancer. Parallel 
in vitro studies have confirmed that TERT overexpression 
is associated with resistance to radiation and imatinib [26, 
27]. However, studies concerning the clinicopathological 
relationship between hTERC dysregulation and clinico-
pathological features of ESPLs are rare. Combined with 
the exhaustive follow-up data on ESPLs, a comprehensive 
clinicopathological analysis explored the possible associa-
tions between hTERC expression and clinicopathological 
characteristics of ESPLs.

In our univariate analysis, two clinicopathological fac-
tors, pathological classification and ulcers, showed signifi-
cant differences regarding hTERC amplification. As previ-
ously mentioned, hTERC amplification is correlated with 
both increased heteromorphism and the presence of ulcers 
in ESPLs. Subsequent logistic analysis further confirmed a 
statistically significant difference in hTERC amplification 
between LGIEN (12.0%) and HGIEN (73.1%); moreover, 
there was a higher rate of hTERC amplification in ESPLs 
with ulcers (68.2%) than in those without ulcers (31.8%). It 
is speculated that there might be some possible correlations 
between the factors of ulceration and hTERC amplification, 
which might stimulate the inflammatory factors and promote 
the progression of ESPLs into ESCC. Whether all of these 
speculations are reasonable or not, large sample studies are 
still necessary for further verification. In addition to these 
two parameters, hTERC amplification showed no statisti-
cal correlation with any other clinicopathological parameter 
of ESPLs. Although a difference in hTERC amplification 
between LGIEN and HGIEN was found in this study, we 
still did not find a clinicopathological correlation between 
hTERC and the progression of ESPLs. The reasons may 
be manifold: The sample size of the current study may be 
not sufficient to achieve a convincing conclusion, and the 
research designed here still needs further refinement, opti-
mization, and improvement. However, a potential applica-
tion value of the hTERC gene for classifying ESPLs was 
inferred.

Briefly, the current preliminary study potentially indi-
cates that hTERC expression may be one of the factors 
related to the classification of pathological ulcers, which 
may be involved in the carcinogenic inflammatory mech-
anisms in ESPLs. In terms of the relationship between 
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hTERC expression and ulcerative factors associated with 
ESPLs, the underlying mechanism of hTERC in this pro-
cess remains unclear. There may be synergistic effects or 
interactions between inflammatory factors and the hTERC 
gene in the pathogenesis or progression of ESPLs, but these 
speculations require further in-depth experimental research 
to clarify. The relationship between hTERC and pathologi-
cal ulcers may provide important clues and practical sig-
nificance to perfect the pathological classification system 
used to guide clinical management and prognosis of ESPLs 
and to fundamentally reduce the incidence and progression 
of early ESCC. It is necessary to fully understand the role 
of hTERC in the molecular mechanism and characteristics 
of ESPL development for digestive system pathologists to 
reasonably assess the prognosis of ESPLs and to implement 
appropriate and effective treatment.
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