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Abstract. Our previous study reported that the DNA meth‑
ylation of growth hormone secretagogue receptor (GHSR) was 
significantly higher in thymoma or thymic carcinoma (TC) 
than in normal thymic tissue samples. Thymic epithelial 
tumors (TETs) with higher GHSR DNA methylation were 
associated with significantly worse prognosis than those with 
lower levels of DNA methylation. Diversified components of 
the ghrelin‑GHSR axis may exert opposing effects in cancer 
progression, depending on the cancer type in question. However, 
the precise function of the axis remains unclear. In the present 
study, the mRNA expression of five key components of the 
ghrelin system [native ligand ghrelin, variant ligand In‑1 ghrelin, 
native receptor GHSR1a, variant receptor GHSR1b and acyla‑
tion enzyme ghrelin O‑acyltransferase (GOAT)] were examined 
in 58 TET samples by reverse transcription‑quantitative PCR, 
and protein expression of GHSR1a and GHSR1b was assessed 
in 20 TETs using immunohistochemistry. The results revealed 
that In‑1 ghrelin, GHSR1b (variant forms) and GOAT were more 
strongly expressed in thymoma compared with thymic‑adjacent 
tissue. By contrast, no significant differences were observed in 
the expression of ghrelin and GHSR1a (native forms) between 
thymoma and thymic tissue. The mRNA expression of In‑1 
ghrelin and GHSR1b (variant forms) was positively associated 
with GHSR methylation in thymoma tissue samples. However, a 
relationship was not found between ghrelin, GHSR1a or GOAT 
expression (native forms) and GHSR methylation in thymoma. 
Immunohistochemical analysis revealed that mRNA expression 
of GHSR1a and GHSR1b generally correlated with expres‑
sion of the corresponding protein, and that the expression of 
GHSR1b was increased in advanced‑stage TETs. These results 

indicate that the DNA methylation of GHSR is associated with 
a shift from native expression (ghrelin and GHSR1a) to variant 
expression (In‑1 ghrelin and GHSR1b), which induces the 
tumorigenesis of thymoma, but not TC.

Introduction

TETs, including thymoma and thymic carcinoma (TC), are the 
primary neoplasms of epithelial cells in the thymic gland of 
the anterior mediastinum. Thymoma is a low‑grade malignant 
tumor associated with myasthenia gravis and other autoimmune 
diseases, whereas TC is an aggressive tumor with no known 
molecular links to autoimmune diseases (1). The World Health 
Organization (WHO) histopathological classification system 
distinguishes thymoma from TC and neuroendocrine tumors 
of the thymus (NECTT), and divides thymoma into five catego‑
ries (types A, AB, B1, B2 and B3) based on the morphology of 
epithelial cells and the lymphocyte‑to‑epithelial cell ratio (2). 
To date, various staging systems have been proposed for TETs. 
The Masaoka‑Koga classification is currently the most widely 
accepted clinical staging system, which is based on local 
invasion and tumor metastasis (3). The new TNM stage clas‑
sification system, now in the 8th edition, can be used for all 
TETs, and considers not only tumor characteristics, but also 
lymph nodal and metastatic characteristics (4).

Treatment of TETs may involve surgery, radiation and/or 
chemotherapy, and optimal treatment depends on the clinical 
stage. The resectability of a tumor influences patient prognosis, 
and surgery remains the mainstay of treatment for TETs. Surgical 
resection and/or postoperative radiotherapy is appropriate for 
most patients with completely resected TETs. Multimodality 
therapy involving surgery, chemotherapy and radiotherapy 
appears to increase the rate of complete resection and survival 
in advanced TETs (5‑7); one‑third of patients that present with 
advanced‑stage or relapsing tumors require administration of 
chemotherapy, and systemic review recommends that the most 
popular and active regimens are cisplatin‑anthracycline and 
cisplatin‑etoposide combinations (8,9). However, metastatic 
and inoperable refractory/recurrent TETs, particularly TC, are 
associated with poor prognosis (10). The rarity of these tumors 
makes clinical trials difficult, and the development of novel 
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drugs is slow (11). Thus, focusing on specific molecular altera‑
tions may provide a clearer understanding of TETs and aid the 
development of targeted therapies.

In the past decade, attempts have been made to characterize 
TETs at the molecular level, and the aberrant expression of 
EGFR (12), VEGF (13), insulin‑like growth factor 1 receptor (14) 
and programmed cell death protein 1/programmed cell death 1 
ligand 1 (15) has been shown to contribute to the tumorigen‑
esis of TETs. However, the rarity of these tumors hampers the 
development of targeted therapy (11). Only a few targeted drugs 
have progressed to phase‑II trials, including mTOR (16) and 
KIT tyrosine kinase inhibitors (17). Therefore, the identification 
of novel biological targets is important for the introduction of 
molecular profiling‑directed therapies in clinical practice (11).

Our previous study included the genome‑wide screening of 
aberrantly‑methylated CpG islands in thymoma and TC using 
the Infinium® Human Methylation 450K BeadChip (Illumina, 
Inc.), and identified 92 CpG islands that were significantly 
hypermethylated in TC compared with thymoma. Furthermore, 
four cancer‑related genes (GHSR, GNG4, HOXD9 and SALL3) 
were selected, for which promoter methylation was examined 
in 46 TETs and 20 paired thymic tissue sample using bisulfite 
pyrosequencing. The results revealed that promoter meth‑
ylation of these genes was significantly higher in TC than in 
thymoma and normal thymic tissue. In addition, relapse‑free 
survival (RFS) was significantly worse in tumors with higher 
DNA methylation than for those with lower DNA methylation 
levels in all TET samples (18).

GHSR is aberrantly hypermethylated in a number of 
cancer types (including lung, breast, prostate, pancreatic and 
colorectal cancer, as well as glioblastoma and B cell chronic 
lymphocytic leukemia), and its methylation levels may be 
used to discriminate between cancer and normal tissue (19). 
GHSR is a receptor of ghrelin that regulates functional 
processes, such as hormone secretion, the energy balance 
and gastric acid release (20). GHSR encodes a member of 
the G protein‑coupled receptor family that has two known 
transcripts, native GHSR1a and variant GHSR1b. GHSR1a 
is the primary functional receptor for the endogenous ligand 
ghrelin. The splice variant GHSR1b is not activated by ghrelin 
or growth hormone secretagogues, and thus, it currently not 
known whether the receptor is functional (21). The splice 
variant of native ghrelin, In‑1 ghrelin may be acylated by 
ghrelin‑O‑acyltransferase (GOAT) to facilitate binding with 
GHSR1a. Since it shares the initial 13 amino acids with native 
ghrelin, In‑1 ghrelin may also activate GHSR1a (22).

The aim of the present study was to systematically inves‑
tigate the presence of different components of the ghrelin 
system (native ghrelin, GOAT and GHSR1a) and splicing 
variants (In‑1 ghrelin and GHSR1b) in thymoma and TC, in 
order to compare their expression with that in adjacent thymic 
samples and to validate the results at the protein level using 
immunohistochemistry (IHC). The association between the 
DNA methylation of GHSR and the mRNA expression of 
ghrelin‑GHSR family members was also investigated.

Materials and methods

Patients and samples. The present study was conducted 
using a retrospective, observational design. In total, 58 TET 

tissue samples were obtained from patients with histologi‑
cally confirmed TET who underwent surgery at Tokushima 
University Hospital (Tokushima, Japan) between January 1990 
and January 2018 (median age, 62 years; mean age, 59.86±11.87; 
range, 28‑84 years). In addition, 17 paired adjacent thymic 
tissue samples were obtained from the patients. The patient 
characteristics are displayed in Table SI. Tissue samples 
were snap‑frozen and stored at ‑80˚C until the isolation of 
DNA and RNA. Tumor specimens were characterized using 
the Masaoka‑Koga staging system (3) and WHO histological 
classification (23) (Tables SII and SIII). The present study 
was approved by the Ethics Committee of the University of 
Tokushima (Tokushima, Japan; approval no. 3759), and was 
conducted according to the Declaration of Helsinki. Written 
informed consent was obtained from all patients.

RNA extraction. RNA was extracted from frozen tissue using 
the RNeasy Mini kit (Qiagen GmbH) according to the manu‑
facturer's instructions. The quantity and purity of nucleic acid 
were assessed using a spectrophotometer (NanoDrop‑1000; 
Thermo Fisher Scientific, Inc.) and diluted to 1.0 µg/μl; 1 µl 
RNA from each sample was used for reverse transcription.

Reverse transcription‑quantitative (RT‑q) PCR. Total RNA 
was reverse transcribed to cDNA using iScript Reverse 
Transcription Supermix for RT‑qPCR (Bio‑Rad Laboratories, 
Inc.), and qPCR was performed using Sso Advanced Universal 
SYBR‑Green Supermix (Bio‑rad Laboratories, Inc.) and the 
96‑well format Applied Biosystems 7500 Real‑Time PCR 
System (Thermo Fisher Scientific, Inc.) according to the manu‑
facturers' instructions. Temperature and duration of reverse 
transcription were as follows: Priming for 5 min at 25˚C, reverse 
transcription for 20 min at 46˚C, and inactivation for 1 min at 
95˚C. The thermocycling condition used for qPCR consisted 
of an initial step at 95˚C for 30 sec, followed by 40 cycles of 
denaturation (95˚C for 15 sec) and annealing/extension (60˚C 
for 1 min). The sequences of the specific primers for ghrelin, 
In‑1 ghrelin, GHSR1a, GHSR1b and GOAT were obtained 
from a previous study by Luque et al (24). The mRNA levels 
of β‑actin were used as an internal control for normaliza‑
tion. All primer sequences for qPCR are shown in Table SIV. 
The relative mRNA expression levels were calculated using 
Human Thymus Total RNA (Takara Bio, Inc.) as a normal 
thymus control. Relative gene expression was calculated using 
the 2‑ΔΔCq method (25).

IHC. Formalin‑fixed paraffin‑embedded (FFPE) sections 
(thickness, 3 µm) were stained using the Envision system 
(ChemMate Envision kit; Dako; Agilent Technologies, Inc.) 
according to the manufacturer's instructions. After dewaxing 
in xylene and rehydration in a descending ethanol series, 
antigen retrieval was performed by heating in Dako Real 
Target Retrieval Solution, pH 9 (Dako; Agilent Technologies, 
Inc.) at >120˚C using a pressure chamber (2100 Retriever; 
Aptum Biologics Ltd.) for 20 min. Tissue samples were 
incubated overnight at 4˚C with the following primary anti‑
bodies: Rabbit Anti‑GHS‑R1A (1:500; cat. no. H‑001‑62; 
Phoenix Pharmaceuticals, Inc.) and Rabbit Anti‑GHS‑R1B 
(1:400; cat. no. H‑001‑61; Phoenix Pharmaceuticals, Inc.). The 
tissue samples were incubated with ready‑to‑use peroxidase 
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labelled polymer secondary antibody (EnVision+ Dual Link 
System‑HRP; cat. no. K4063; Dako; Agilent Technologies, 
Inc.) at room temperature for 1 h. The proportion and intensity 
of GHSR1a and GHSR1b staining were scored independently 
by BT, KKo and SS. Staining intensity was scored as follows: 
Negative, 0; weak, 1; moderate, 2; and strong, 3. Proportion 
score was defined as follows: ≤30% positive cells, 0; 31‑70% 
positive cells, 1; and ≥70% positive cells, 2. The staining score 
was defined as the sum of the proportion and intensity scores, 
and a score ≥4 indicated strong staining for the GHSR proteins.

Statistical analysis. Descriptive results are expressed as 
the mean ± standard deviation. The Shapiro‑Wilk test was 
applied to assess the normality of numerical datasets. When 
data were normally distributed, expression between the tumor 
tissues was assessed using an unpaired sample t‑test, while 
differential expression between tumor tissues and adjacent 
thymic tissues was assessed using a paired sample t‑test. 
Multiple comparisons were evaluated using one‑way ANOVA 
followed by Dunnett's post hoc test. When data exhibited 
non‑normal distribution, expression between the tumor tissues 
was assessed using the Mann‑Whitney U test, and differential 
expression between tumor tissues and adjacent thymic tissues 
was assessed using the Wilcoxon signed‑rank test. Multiple 
comparisons were assessed using the Kruskal‑Wallis test 
followed by Dunn's post hoc test. Methylation‑dependent 
expression analysis and gene expression correlation analysis 
were carried out using Pearson's correlation coefficient 
when datasets were normally distributed, while Spearman's 
rank correlation coefficient was applied for non‑normally 
distributed datasets. Categorical data were assessed using 
Fisher's exact test. RFS analyses were performed using the 
Kaplan‑Meier method and compared with the log‑rank 
(Mantel‑Cox) test. High‑ or low‑expression groups were 
assigned based on median values. Statistical analyses were 
performed using GraphPad Prism 5.00 (GraphPad Software, 
Inc.) and SPSS 25.0 (IBM Corp), and P<0.05 was considered 
to indicate a statistically significant difference.

Results

Patient characteristics. In total, 58 patients (25 male and 
33 female; mean age 59.86±11.97 years) diagnosed with TETs 
were included in the present study. Of these, 13 patients also 
had myasthenia gravis (Table SI). According to the WHO 
histological classification, 41 samples were thymoma, 13 were 
TC (including a single case of TC combined with type B2 
thymoma) and 4 were NECTT. Tumor characteristics are 
displayed in Tables SII and SIII.

In all TET cases (n=58), the median follow‑up time was 
5.25 years (range, 0.36‑22.41 years); 2 patients died from 
their tumors, 1 from another disease and 1 from an unknown 
cause. Furthermore, 18 patients experienced recurrence: 
Pleural dissemination in 10, lung metastasis in 6, lymph node 
metastasis in 3 and multiple organ metastasis in 2 (Table SI). 
In thymoma cases (n=41), the median follow‑up time was 
5.43 years (range, 0.75‑22.41 years); 1 patient died from 
another disease and 1 from an unknown cause. In addition, 
7 patients experienced recurrence: Pleural dissemination in 5 
and lung metastasis in 2. Clinicopathological characteristics 

of the patients and corresponding DNA methylation, RNA 
expression, and protein expression levels are provided in Table 
SV.

Relative expression of ghrelin system components in TETs 
and paired thymic tissue samples. The mRNA expression 
of ghrelin system components in thymoma (Fig. 1A) and 
TC (Fig. 1B) tissue was compared with that in matched thymic 
tissue samples. The RT‑qPCR results revealed that expression 
of the splicing variant ligand In‑1 ghrelin and variant receptor 
GHSR1b were significantly higher in thymoma than in adjacent 
thymic tissue samples (P=0.0059 and P=0.0488, respectively; 
Wilcoxon signed‑rank test). By contrast, no significant differ‑
ences were observed in the expression of the native ligand 
ghrelin and native receptor GHSR1a between thymoma and 
adjacent thymic tissue. The expression of the ghrelin‑acti‑
vating enzyme GOAT was significantly higher in thymoma 
tissue than in adjacent thymic tissue samples (P=0.0371; 
Wilcoxon signed‑rank test). On the other hand, no significant 
changes were noted in the expression of five components of the 
ghrelin‑GHSR family in TC + NECTT (Fig. 1B). Overall, the 
data indicate that In‑1 ghrelin, GHSR1b and GOAT expres‑
sion were significantly higher in thymoma tissues than in 
thymic‑adjacent tissues.

Expression of ghrelin system components in the thymus, 
thymoma and TC + NECTT. The differential quantita‑
tive expression of ghrelin family transcripts in the thymus, 
thymoma and TC + NECTT is displayed in Fig. 2. The median 
expression rates of In‑1 ghrelin in the thymus, thymomas and 
TC + NECTT were 0.120, 0.3750 and 0.260, respectively. 
The median expression rate of the variant ligand In‑1 ghrelin 
was significantly higher in thymoma than in the thymus 
(P=0.0170; Kruskal‑Wallis test). The corresponding expres‑
sion rates of the variant receptor GHSR1b in the normal 
thymus, thymomas, and TC + NECTT were 3.020, 11.93 and 
16.67, respectively, and the median expression rate of GHSR1b 
was slightly higher in thymoma than in the thymus (P=0.0547; 
Kruskal‑Wallis test). Furthermore, no significant differences 
were observed in the expression of the native ligand ghrelin, 
native receptor GHSR1a and GOAT. Therefore, expression 
analysis of ghrelin system components in TETs indicated that 
In‑1 ghrelin was upregulated in thymoma tissues, but not in 
TC. Also, there was a tendency for GHSR1b to be expressed at 
a higher level in thymoma.

Expression of ghrelin system components at different tumor 
stages. The expression of each of the five transcripts was 
investigated at different tumor stages using the Masaoka‑Koga 
staging system. The stages were stratified into two distinct 
groups [early (stage I+II) and advanced (stage III+IV)], and 
expression was compared. The results indicated that the median 
expression levels of In‑1 ghrelin in the early and advanced 
stages of TET were, respectively: i) 0.3650 and 0.3150 for In‑1 
ghrelin; ii) 3.045 and 4.370 for ghrelin; iii) 3.445 and 3.510 
for GHSR1a; iv) 13.37 and 14.36 for GHSR1b; and v) 1.320 
and 1.095 for GOAT. These differences were not statistically 
significant (Fig. S1). Collectively, the data indicate that the 
expression of ghrelin system constituents did not significantly 
differ between TET stages.
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RFS analysis of patients with TETs and different mRNA levels 
of ghrelin, In‑1 ghrelin, GHSR1a, GHSR1b and GOAT. The 
levels of ghrelin, In‑1 ghrelin, GHSR1a, GHSR1b and GOAT 
were divided into high‑ or low‑expression groups based on their 
median values, and RFS analysis was conducted. Although 
no significant differences were observed between the groups, 
there was a tendency for tumors with slightly higher expres‑
sion levels of the variant ligand In‑1 ghrelin, variant receptor 
GHSR1b and GOAT to be associated with poor prognosis in 
patients with TETs (Fig. S2).

Comparative DNA methylation and gene expression analysis. 
Methylation‑dependent expression analysis was performed to 

clarify whether the expression of ghrelin family components 
was associated with the methylation of GHSR. Our previous 
study reported the hypermethylation of GHSR in thymoma 
and TC tissue relative to adjacent thymic tissue samples (18). 
The present results showed that mRNA expression of the 
variant ligand In‑1 ghrelin and variant receptor GHSR1b was 
positively associated with GHSR methylation (ρ=0.4007 and 
ρ=0.4259, respectively; Spearman's rank correlation coef‑
ficient) in thymoma tissue, whereas that of native ghrelin, the 
native receptor GHSR1a and GOAT was not (Fig. S3A and 
Table I). Furthermore, the expression of ghrelin, In‑1 ghrelin, 
GHSR1a, GHSR1b and GOAT was not associated with GHSR 
methylation in TC + NECTT tissue (Fig. S3B and Table I). 

Figure 1. Relative expression of ghrelin family components. (A) Quantitative expression of ghrelin family components in thymoma and paired adjacent 
thymic tissue. n=10/group. (B) Quantitative expression of ghrelin family components in TC + NECTT and paired adjacent thymic tissue. n=7/group. P‑values 
were generated using the Wilcoxon rank‑sum test. GHSR, growth hormone secretagogue receptor; GOAT, ghrelin O‑acyltransferase; TC, thymic carcinoma; 
NECTT, neuroendocrine tumors of the thymus.
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Overall, these data indicate that the expression of variant 
ligand In‑1 ghrelin and variant receptor GHSR1b is dependent 
on GHSR methylation in thymoma tissues.

Correlation analysis of gene expression levels. The relation‑
ships among the quantitative mRNA expression levels of each 
of the five transcripts of the ghrelin system (ghrelin, In‑1 
ghrelin, GHSR1a, GHSR1b and GOAT) were subsequently 
determined using Spearman's rank correlation coefficient. 
The results revealed a positive correlation between In‑1 
ghrelin/GOAT (ρ=0.6232) in thymoma tissue. Similarly, 
correlations were observed between GHSR1b/GHSR1a 
as well as GHSR1a/GOAT, with ρ=0.5158 and ρ=0.3944, 

respectively (Fig. S4 and Table IIA). In TC + NECTT 
tissue samples, positive correlations were noted between 
In‑1 ghrelin/GOAT, GOAT/GHSR1b and GHSR1b/GHSR1a 
(ρ=0.6824, ρ=0.5676 and ρ=0.6571, respectively) (Fig. S5; 
Table IIB).

GHSR1a and GHSR1b protein expression analysis. GHSR1a 
and GHSR1b protein expression was identified in 20 TET 
tissue samples (including 14 thymoma and 6 TC tissue 
samples) and 3 thymic tissue samples. The staining of both 
proteins was cytoplasmic. Fig. 3A‑a and B‑a shows GHSR1a 
and GHSR1b staining, respectively, in the cytoplasm of 
epithelial cells but not lymphocytes in the normal thymus. 

Figure 2. Expression of ghrelin family transcripts in thymic, thymoma and TC + NECTT tissue. The expression levels of ghrelin family transcripts are shown 
as boxplots. P‑value was generated using the Kruskal‑Wallis test. GHSR, growth hormone secretagogue receptor; GOAT, ghrelin O‑acyltransferase; TC, 
thymic carcinoma; NECTT, neuroendocrine tumors of the thymus.

Table I. Association between GHSR methylation and expression levels of ghrelin system components in thymic epithelial tumors.

 Thymoma TC + NECTT
Tumor ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Gene P‑value ρ value P‑value ρ value

Ghrelin 0.5292 ‑0.1321 0.9044 ‑0.03396
In1‑Ghrelin 0.0472a 0.4007 0.4664 0.2038
GHSR1a 0.5007 0.1412 0.8168 ‑0.06821
GHSR1b 0.0380a 0.4259 0.7806 0.07864
Ghrelin O‑acyltransferase 0.2880 0.2212 0.5933 0.1501

aP<0.05; Spearman's rank correlation coefficient. GHSR, growth hormone secretagogue receptor; TC, thymic carcinoma; NECTT, neuroendo‑
crine tumor of the thymus.
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Figure 3. Protein expression analysis. (A) Representative images of GHSR1a protein expression. (a) Thymic tissue: Dense aggregates of lymphocytes in 
the cortical area were not stained; epithelial cells of medullary area were stained. (b) Type AB thymoma: Cytoplasm of tumor cells was strongly stained, 
and lymphocytes were not stained (intensity score, 3; proportion score, 2). (c) Type B2 thymoma: Cytoplasm of the tumor cells was not stained (intensity 
score, 1; proportion score, 1). (d) TC: Cytoplasm of the tumor cells was strongly stained (intensity score, 3; proportion score, 2). (B) Representative images of 
GHSR1b protein expression. (a) Medullary area of thymus: Lymphocytes in the medullary area were not stained, epithelial cells were stained. (b) Type AB 
thymoma: Cytoplasm of the tumor cells was weakly stained, and lymphocytes were not stained. (intensity score, 2; proportion score, 1). (c) Type B2 thymoma: 
Cytoplasm of the tumor cells was strongly stained (intensity score, 3; proportion score, 1). (d) TC: Cytoplasm of the tumor cells was strongly stained (intensity 
score, 3; proportion score, 2). (C) Association between GHSR protein expression and corresponding mRNA expression. Analyses were performed using the 
Mann‑Whitney U test. GHSR, growth hormone secretagogue receptor; TC, thymic carcinoma.

Table II. Correlation analysis of the expression levels of ghrelin system components, in thymoma, TC and NECTT.

A, Thymoma

Transcript Ghrelin In1‑ghrelin GOAT GHSR1a GHSR1b

Ghrelin  ‑0.2146 ‑0.2576 ‑0.03045 ‑0.07823
In1‑Ghrelin   0.6232c 0.2270 0.2518
GOAT    0.3944a 0.2051
GHSR1a     0.5158b

GHSR1b

B, TC + NECTT

Transcript Ghrelin In1‑ghrelin GOAT GHSR1a GHSR1b

Ghrelin  0.3353 0.09706 ‑0.2143 ‑0.04118
In1‑Ghrelin   0.6824b ‑0.07143 0.3765
GOAT    0.1786 0.5676a

GHSR1a     0.6571b

GHSR1b

Results are shown as ρ values. aP<0.05, bP<0.01 and cP<0.001; Spearman's rank correlation coefficient. TC, thymic carcinoma; NECTT, neu‑
roendocrine tumor of the thymus; GOAT, ghrelin O‑acyltransferase; GHSR, growth hormone secretagogue receptor.
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Fig. 3A‑b and B‑b shows strong staining of GHSR1a and 
moderate staining of GHSR1b, respectively, in type AB 
thymoma. Fig. 3A‑c and B‑c shows weak staining of GHSR1a 
and strong staining of GHSR1b, respectively, in the type B2 
thymoma. Fig. 3A‑d and B‑d shows strong staining of GHSR1a 
and GHSR1b, respectively, in TC. The tissue samples were 
grouped into weakly‑ and strongly‑stained groups by their 
protein immunoreactivity, and the mRNA expression levels 
were compared. The mRNA expression levels of both GHSR1a 
and GHSR1b were higher in the strongly‑stained group (mean 
GHSR1a, 8.35±23.76; mean GHSR1b, 19.61±1381.5) than in 
the weakly‑stained group (mean GHSR1a, 1.71±29.2; mean 
GHSR1b, 9.71±184.5) (Fig. 3C and Table III). Furthermore, the 
relationship between the expression of GHSR1a and GHSR1b, 
and clinical findings (sex, age, tumor stage, pathology type 
and myasthenia gravis), was assessed. Table III shows that 
variant GHSR1b protein was higher in TC (P=0.018; Fisher's 
exact test) and in men (P=0.018; Fisher's exact test). GHSR1a 
protein expression was not correlated with any of the assessed 
clinical findings. In addition, RFS analysis indicated that high 
expression of GHSR1b was not associated with prognosis 
(P=0.0624; Fig. S6).

Discussion

Since the discovery of canonical ghrelin as an intrinsic ligand 
for GHSR, research has been conducted to elucidate its func‑
tions and pathophysiological roles. Though, the local expression 
of ghrelin and GHSR has been examined in different types of 
tumor tissue, the role of ghrelin as a proliferative or inhibi‑
tory factor in cancers remains controversial (26‑31). Ghrelin 
has been shown to promote the proliferation of normal cell 
lines, though its function in cancer cell lines is still being 
debated. In in vitro studies, the ghrelin‑GHSR axis promoted 
cancer cell migration and metastasis through several different 
downstream pathways (32‑35). Diversified components of the 
ghrelin‑GHSR axis might show opposing effects in cancer 

progression depending on the pathophysiological nature of the 
cancer type.

The current study aimed to comprehensively elucidate the 
role of ghrelin components (the native ligand ghrelin, native 
receptor GHRS1a, splicing variant ligand In‑1 Ghrelin, variant 
receptor GHSR1b and key enzyme GOAT) in TETs. The 
results demonstrated that the variant ligand In‑1 ghrelin and 
variant receptor GHSR1b were significantly upregulated in 
thymoma tissue, and no significant differences were observed 
in the expression of native receptor ghrelin and native receptor 
GHSR1a between thymoma and adjacent thymic tissue. On 
the other hand, in TC + NECTT, no significant differences 
were noted in the expression of ghrelin system components 
between tumor tissue and matched thymic tissue samples. 
Supporting evidence prior to the present study indicated that 
splicing variant In‑1 ghrelin was significantly upregulated in all 
types of pituitary adenoma tissue and gastroenteropancreatic 
neuroendocrine tumors (36,24). Likewise, upregulation of In‑1 
ghrelin in prostate and breast cancer was associated with the 
increased aggressiveness of the disease (37‑39). GHSR1b was 
also found to be upregulated in hormone‑related tumors, such as 
colorectal cancer, breast cancer, adrenocortical tumors and lung 
carcinoids (34,40‑42). Accumulating evidence shows that In‑1 
ghrelin and GHSR1b play as oncogenic role in hormone‑related 
tumors. Thymoma is a low‑grade malignant tumor of the thymic 
epithelium with immature T cell migration associated with 
autoimmune diseases. However, TC is a malignant tumor with 
evidently atypical cells of an invasive nature without immature 
T cell migration and autoimmune disease (1,6). Thymoma, but 
not TC, is a functioning tumor (6). In the present study, the 
variant ligand In‑1 ghrelin and variant receptor GHSR1b were 
upregulated in thymoma, but not in TC tissue, which suggests 
that a switch in expression to the variant ligand and receptor 
from the native ligand and receptor of the ghrelin system 
contributes to the tumorigenesis of thymoma, but not TC.

In the present study, the co‑expression of GHSR1a and 
GHSR1b was observed in thymoma and TC tissue samples. 

Table III. Association between GHSR1a and GHSR1b immunoreactivity and clinicopathological characteristics in patients with 
thymic epithelial tumors.

 GHSR1a immunoreactivity (n=20) GHSR1b immunoreactivity (n=20)
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological characteristics Weak (n=11) Strong (n=9) P‑value  Weak (n=12) Strong (n=8) P‑value

Sex, female/male 8/3 6/3 0.769 11/1 3/5 0.018
Mean age ±SD, years 56.5±9.48 61±13.04 0.178 7/5 3/5 0.650
Masaoka‑Koga staging system,
stages I and II/III and IV 10/1 6/3 0.285 11/1 5/3 0.255
WHO histological classification,
thymoma/thymic carcinoma 9/2 5/4 0.336 11/1 3/5 0.018a

Mean GHSR1a mRNA expression ±SD 1.71±29.2 8.35±23.76 0.1489 NA NA NA
Mean GHSR1b mRNA expression ±SD NA NA NA 9.71±184.5 19.61±1381.5 0.2976
Myasthenia gravis, positive/negative 7/4 7/2 0.642 7/5 7/1 0.325

aP‑values were calculated using Fisher's exact test for Masaoka‑Koga staging system and WHO histological classification, sex, age and 
myasthenia gravis status. Mann‑Whitney U test was used for GHSR1a and GHSR1b mRNA expression analysis. GHSR, growth hormone 
secretagogue receptor; WHO, World Health Organization; NA, not applicable.
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The upregulated co‑expression of GHSR1a and GHSR1b was 
detected in growth hormone‑secreting pituitary adenomas 
and adrenocorticotrophic hormone pituitary adenomas. By 
contrast, the expression of both receptors was significantly 
downregulated in non‑functioning pituitary adenomas (36). In 
a human erythroleukemic cell line (HEL), the upregulation of 
GHSR1b was shown to stimulate cellular proliferation via an 
autocrine pathway (43). Until recently, GHSR1b was considered 
a non‑functional orphan receptor due to the truncation process 
during alternative splicing, where it loses its ability to bind with 
its ligand ghrelin. Subsequent studies revealed that overexpres‑
sion of GHSR1b attenuated GHSR constitutive signaling by 
heterodimerizing with GHSR1a (44). In non‑small cell lung 
cancer, GHSR1b was found to heterodimerize with Neurotensin 
Receptor 1, which also belongs to the G‑protein coupled 
receptor superfamily, and to exert growth‑promoting effects by 
modulating the transcription of downstream target genes (45).

In the present study, although the result was not significant, 
there was a tendency towards higher expression of variant 
ligand In‑1 ghrelin, variant receptor GHSR1b and the acyla‑
tion enzyme GOAT in association with worse prognosis in 
patients with TET than those with lower expression levels. 
Rincón‑Fernández et al (39) reported that the high expression 
of In‑1 ghrelin in breast cancer samples was correlated with 
shorter RFS. Therefore, it may be hypothesized that the expres‑
sion of In‑1 ghrelin and GHSR1b could be used as a prognostic 
tool in thymoma. To confirm the mRNA expression results 
of ghrelin, In‑1 ghrelin, GHSR1a and GHSR1b, the protein 
expression of these components in TETs and the thymus was 
assessed using IHC. Although commercially‑available anti‑
bodies against GHSR1a and GHSR1b were used (which can 
discriminate between each protein), distinct antibodies against 
ghrelin and In‑1 ghrelin could not be found. However, the 
mRNA expression levels of GHSR1a and GHSR1b were higher 
in the strongly‑stained group than in the weakly‑stained group. 
These results confirmed that mRNA expression of GHSR1a 
and GHSR1b was roughly correlated with protein expression. 
Variant GHSR1b protein expression was higher in TC and 
in male patients. Thus the mRNA and protein expression of 
GHSR1b may promote the malignant behavior of the tumor.

GOAT is a key enzyme for the acylation of ghrelin (22). 
The present study revealed that the expression of GOAT was 
significantly upregulated in thymoma, but not in TC + NECTT 
tissue samples and a strong positive correlation was observed 
between GOAT and In‑1 ghrelin expression in both thymoma and 
TC + NECTT tissue samples. However, the expression of GOAT 
did not correlate with that of native ghrelin. Similarly, GOAT was 
upregulated in NET and breast cancer tissue, and its expression 
was associated with that of In‑1 ghrelin. Previous studies have 
reported increases in GOAT expression and its plasma levels in 
patients with prostate cancer, which was correlated with tumor 
aggressiveness (38,46,47). Therefore, GOAT may act as a modu‑
lator of the elevated expression of In‑1 ghrelin in thymoma.

Epigenetic abnormalities, such as aberrant promoter hyper‑
methylation, associated with the functional disruption of genes, 
are found in all types of tumor (48). Due to the tumor‑initiating 
role of this epigenetic dysregulation, methylation markers may 
be preferable for diagnosing tumors at the earliest stage (49). 
Hypermethylation of GHSR has been observed in numerous 
different tumor types, and is attracting interest as a pan‑cancer 

marker in clinical practice, with promising sensitivity and 
specificity (19,50‑54). Our previous research demonstrated 
that GHSR was significantly hypermethylated in thymoma and 
TC + NECTT tissue compared with adjacent‑healthy thymic 
tissue samples (18). A previous study by Coppedè et al (55) 
examined the methylation rate of CpG islands of 152‑bp 
located in the promoter/first exon region of GHSR in 65 surgi‑
cally‑resected myasthenia gravis‑positive thymoma cases, 
and 43 adjacent thymic tissue samples, using the methyla‑
tion‑specific high‑resolution melting (MS‑HRM) method. The 
study showed that GHSR hypermethylation was observed in 
18 thymomas (28%) compared with the healthy thymus (mean, 
5.1 vs. 0.2%), and concluded that GHSR methylation was not 
a pan‑cancer marker. This result is in contrast to a previous 
study by Kishibuchi et al (18), which examined the CpG sites 
found downstream of the transcriptional start site of GHSR. The 
result showed that all thymoma tissue samples were methylated, 
and that methylation level was significantly higher than that in 
the adjacent thymic tissue samples, irrespective of myasthenia 
gravis status. The results of both aforementioned studies cannot 
be easily compared due to the differences in methylation analysis 
methodology (pyrosequencing vs. MS‑HRM). Taking this into 
account, we support the theory that GHSR hypermethylation is 
the epigenetic driver to different types of malignancies, and a 
promising candidate marker for pan‑cancer detection.

The present study showed a positive correlation between 
the methylation of GHSR and the expression of variant ligand 
In‑1 ghrelin and variant receptor GHSR1b in thymoma, but 
not in TC tissue samples. Therefore, the DNA methylation of 
GHSR may be associated with a shift from native expression 
(ghrelin and GHSR1a) to variant expression (In‑1 ghrelin and 
GHSR1b) in thymoma.

There were some limitations to the present study, which 
need to be addressed. TC and NECT case numbers were lower 
(13 for TC and 4 for NECTT) than those with thymoma because 
these tumors are so rare. Due to the limited number of TET 
samples collected at Tokushima University, the overall sample 
size could not be increased. Thymoma can be divided into 
5 types (types A, AB, B1, B2 and B3) based on the morphology 
of epithelial cells and the lymphocyte‑to‑epithelial cell ratio, 
and the ratio of lymphocytes to tumor cells is high in AB, B1 
and B2 thymoma (2). Since separate tumor cells could not 
be separated from lymphocytes prior to RNA extraction, the 
presence of lymphocytes in resected AB, B1 and B2 thymomas 
may have influenced the mRNA expression rate. Thymoma is a 
low‑grade malignancy; 58 patients with TET were followed up 
for 5.25 years (0.36‑22.41 years), some of whom died; therefore, 
overall survival analysis could not be performed.

In conclusion, our previous studies revealed that GHSR was 
significantly hypermethylated in both thymoma and TC + NECTT 
tissue samples. To elucidate the role of the ghrelin‑GHSR axis in 
TETs, the expression of five different components of the ghrelin 
system was systematically analyzed in tumor and normal tissue 
samples in the present study. The variant ligand In‑1 ghrelin, 
variant receptor GHSR1b, and acylation enzyme GOAT were 
found to be upregulated in thymoma, but not in TC. Furthermore, 
the mRNA expression of the variant ligand In‑1 ghrelin and 
variant receptor GHSR1b was positively associated with the 
DNA methylation of GHSR in thymoma tissue. Therefore, the 
DNA methylation of GHSR may be associated with a shift from 
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native expression (ghrelin and GHSR1a) to variant expression 
(In‑ghrelin and GHSR1b). Moreover, the slightly stronger expres‑
sion of In‑1 ghrelin, GHSR1b and GOAT was associated with 
a worse prognosis in patients with TET than those with weaker 
expression. The aberrant DNA methylation of the receptor and 
strong expression of the variant ligand and receptor may be 
related to the aggressive behavior of thymoma.
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