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OBJECTIVE: The purpose of this study was to investigate the relationship between
the ghrelin or GHSR-1a mRNA levels and clinical characteristics and to confirm
the effect of gsp mutations on ghrelin/GHSR-1a system in human GH-secreting
pituitary adenomas.
METHODS : The expression levels of ghrelin, GHSR-1a mRNA were determined
by SYBR green real-time fluorescent quantitative PCR. The gsp mutations in 43
cases of human GH-secreting pituitary adenomas were detected using PCR-DNA
direct sequencing analysis. Clinical data were obtained from the medical records
of 43 acromegalic patients who had GH and IGF-1 assays in the same laboratory.
RESULTS : The expression of GHSR-1a correlated positvely with tumor size
(R=0.411, p=0.006) and invasiveness (p<0.05). In contrast, ghrelin mRNA levels
correlated positively only with tumor size (R=0.331, p=0.030) but not with tumor
invasiveness (p>0.05). The expression level of GHSR-1a mRNA was significantly
higher in gsp positive adenomas than in negative adenomas (p<0.05). Whereas,
there was no significant difference in the expression of ghrelin mRNA between
gsp mutation-positive and -negative adenomas (p>0.05). Additionally there was a
significant positve correlation between the ghrelin and GHSR-1a mRNA expression levels in gsp-positive (R=0.553, p=0.040) or -negative adenomas (R=0.489,
p=0.007).
CONCLUSIONS : GHSR-1a correlated positively with tumor size and invasiveness, while ghrelin correlated positively only with tumor size. Gsp mutations
may upregulate the expression of GHSR-1a mRNA and have no effect on ghrelin
mRNA levels in human GH-secreting pituitary adenomas.
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Elevation of growth hormone secretagogue
receptor type 1a mRNA expression in human
growth hormone-secreting pituitary adenoma
harboring G protein alpha subunit mutation
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Abbreviations :
GH
- Growth hormone
GHSR-1a
- growth hormone secretagogue receptor type 1a
Gsα
- alpha-subunit of the stimulatory GTP-binding protein
IGF-1
- insulin-like growth fator-1
GHRHR
- growth hormone-releasing hormone receptor
sst1 and sst2 - somatostatin receptor subtype 1 and somatostatin
		 receptor subtype 2
GHRH
- growth hormone releasing hormone
AC
- adenylate cyclase

Introduction
Human GH-secreting pituitary adenomas are benign
neoplasms that have received a great deal of clinical
attention due to adenoma location, size and/or inappropriate GH hypersecretion. Local compressive effects
include visual disturbances, headache, cranial nerve
disorders and/or pituitary failure (Morita et al. 2008).
Ghrelin is a 28-amino-acid, acylated peptide originately isolated from human and rat stomach as an
endogenous ligand specific for the GHSR-1a (Kojima
et al. 1999). Different levels of GHSR-1a mRNA and
ghrelin mRNA are present in the normal pituitary and
various types of pituitary adenomas, with the highest
mean level of GHSR-1a mRNA in human GH-secreting
adenomas (Kim et al. 2001). Ghrelin/GHSR-1a has a
synergistical effect, along with GHRH, on GH secretion. In addition, recent studies have demonstrated that
ghrelin/GHSR-1a exerts proliferative effect on pituitary
somatotroph cell line (Nanzer et al. 2004). These evidences imply that locally produced ghrelin/GHSR-1a
might play a critical role in the tumorigenesis and progression of GH-secreting pituitary adenomas through
paracrine or autocrine modes of action. However, the
relationships between the ghrelin or GHSR-1a mRNA
levels and hormonal and tumor characteristics are still
obscure.
Somatic mutations of Gsα protein (gsp) were discovered in GH-secreting pituitary adenomas and remain
the only known major genetic alterations of sporadic
human GH-secreting pituitary adenomas to date (Yasufuku-Takano et al. 2006; Sakai et al. 2008). The mutations are localized at amino acid residues 201 and 227
that are critical sites for the intrinsic guanosine triphosphatase activity of the protein and lead to constitutive
activation of cAMP-PKA signaling pathway.
There is a growing body of evidence suggesting that
gsp mutations modulate the signal transduction system
in several ways in GH-secreting pituitary adenomas.
In addition to constitutive activation of AC-cAMPPKA signaling pathway, recent studies have shown
that gsp mutations up-regulate GHRHR mRNA (Sakai
et al. 2008) and induce higher expression of sst1 and
sst2 mRNA levels (Kim et al. 2005) in GH-secreting
adenoma cells. As a common genetic abnormality in
GH-secreting adenomas, what a pathophysiological
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role does gsp mutations exert on the ghrelin/GHSR-1a
system? Although, Kim et al. (2003) put forward that
the expression of GHSR-1a mRNA was significantly
lower in gsp mutation-positive than -negative adenomas, data is still scarce. Further studies are still essential
to clarify this issue.
Therefore, in this study, we aim to examine the
expression levels of GHSR-1a and ghrelin on a large
scale in GH-secreting pituitary adenomas through the
quantitative real-time PCR, and investigate the influence of aberrant signaling pathway induced by gsp
mutations on ghrelin/GHSR-1a expression. Moreover,
our interests also focus on the association between
GHSR-1a or ghrelin expression levels and tumor clinical characteristics.

MATERIAL AND METHODs
Patients and adenoma samples
Written, informed consent was obtained from all 43
patients with acromegaly (26 women and 17 men;
mean ± standard deviation of the age, 46.5±13.5 years;
ranging 19–62 yrs) enrolled in this research. The serum
samples were withdrawn before surgery and stored
at –20 °C. Pituitary adenoma tissues obtained during
transsphenoidal surgery were snap frozen in liquid
nitrogen and then preserved at –80 °C until analysis.
The diagnoses of all specimens in this study were confirmed immunohistochemically.
Extracting genomic DNA and PCR for detecting gsp
mutations
Genomic DNA was extracted from adenoma tissues preserved at –80 °C using AxyPrep Multisource
Genomic DNA Miniprep Kit (Cat. No. AP-MN-MSGDNA-50, Axygen Biosciences, USA) according to
the manufacturer’s specifications. The target DNA
was then amplified by PCR. The reaction contained
10×PCR buffer (Invitrogen, USA), 200 nM dNTP
mix, 1.5 mM MgCl2, 200 nM primers to human Gsα,
5´-CCACCAGAGGACTCTGAGCCCTCTT-3´(sense)
and 5´-AGCGTGAGCAGCGACCCTGATCCCT-3´
(antisense), and Taq DNA polymerase (Invitrogen)
in 50 ml total volume. Thermal cycling consisted of 5
minutes at 95 °C followed by 30 cycles of 60 seconds at
94 °C, 60 seconds at 60 °C, 90 seconds at 72 °C, and a
final extension at 72 °C for 10 minutes.
Direct DNA sequencing for determining the presence of
gsp mutations
The PCR product (425 bp) was purified by AxyPrep™
PCR Cleanup Kit (Cat. No. AP-PCR-50, Axygen Biosciences, USA) for sequencing. These samples were
directly sequenced using ABI PRISM 3730 (Applied
Biosystems, Foster City, CA). Preparation of primers
and PCR conditions used to detect gsp mutation were
the same as those described above. The PCR product
was 425bp long using these primers.
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Real-time Reverse Transcription PCR Analysis
Total RNA was isolated from the tissues preserved
at –80 °C using Trizol (Invitrogen, USA) following
the manufacture’s protocols. Subsequently RNA was
treated with deoxyribonuclease (Promega, USA) before
the reverse transcription reaction to eliminate the contaminating genomic DNA.
The isolated RNA (2 µg) and oligo (dT) primers
were utilized to synthesize single-stranded cDNA using
a reverse transcription kit (TaKaRa, Japan) according
to the manufacturer’s instructions. The PCR was set
up using Real-time PCR Master Mix (Cat. No. GMRS001, GenePharma, Shanghai, China) along with 2 μl
of cDNA and the gene-specific primers at a final concentration of 0.2 μM. Thermal cycling was carried out
on MX-3000P Real-time PCR Instrument (Stratagen,
USA) and SYBR green dye intensity was analyzed using
mx3000p software. The human GHSR-1a and ghrelin primers utilized in these studies were described
in Table 1. Thermal cycling conditions included preincubation at 50 °C for 2 minutes, 95 °C for 3 minutes
followed by 40 PCR cycles at 95 °C for 30 seconds and
60 °C for 40 seconds. The expression of the eukaryotic 18S ribosomal RNA (18sRNA) gene was analyzed
as endogenous control. A dissociation curve was run
after each PCR to verify amplification specificity. Each
reaction was performed in triplicate. To calculate the
relative expression levels, we used the 2–∆∆CT method
(Livak & Schmittgen 2001).
Clinical data
We collected preoperative data retrospectively for each
patient. The size of pituitary adenomas was determined
by measuring the maximum diameter with the preoperative magnetic resonance imaging. Adenomas were
classified into four groups based on size by two experienced neurosurgeons specializing in pituitary adenomas surgery: micro (adenoma diameter less than 10
mm), intra (adenoma diameter 10 mm or greater with
the adenoma mass confined to the sella turcica), supra
(adenoma diameter less than 25 mm with the adenoma
mass extending beyond the suprasellar area), and huge
(adenoma diameter equal to or greater than 25 mm).
The presence or absence of adenoma invasion of the
cavernous sinus was determined though MRI. Addi-

tionally, the preoperative serum basal GH and IGF-1
concentrations were obtained in all patients.
Statistical Analysis
Quantitative data were expressed as mean ± standard
deviation (SD). SPSS software for Windows (Version
15.0; SPSS, Inc., Chicago, IL ) was used for statistical
analysis. χ2 test was performed to compare the sex ratio
and adenoma invasiveness between gsp-negative and
gsp-positive groups. An independent-sample student
t-test (two-tailed) was performed to compare basal
serum GH levels and IGF-I levels between the adenomas with or without gsp mutations. The Mann–Whitney test was used to compare the adenoma size between
gsp-positive and gsp-negative groups. Correlations
were analyzed by simple linear regression analysis. Differences were considered significant at p<0.05.

RESULTS
Expression of the GHSR-1a mRNA in human GH-secreting pituitary adenomas
The expression of the GHSR-1a mRNA was detected in
all 43 adenoma tissues examined using the quantitative
real-time PCR. There were no significant correlations
between the GHSR-1a mRNA expression level and sex
or age at the time of surgery of the patients. The expression level of GHSR-1a mRNA in GH-secreting adenoma
was not correlated with plasma GH levels (R=0.206,
p=0.185) or plasma IGF-1 levels (R=0.235, p=0.129).
However, the levels of GHSR-1a mRNA expression
in GH-secreting adenoma correlated positively with
the size of the adenomas (R=0.411, p=0.006) (Figure 1).
Additionally, as is shown in Table 2, the expression level
of GHSR-1a mRNA in invasive cases was significantly
higher than that in non-invasive cases.

Tab. 1. Sets of primers designed to amplify human GHSR-1a and
ghrelin.
Gene

Forward primer (5’-3’)

Reverse primer(5’-3’)

18sRNA

AGGGACAAGTGGCGTTCAGC

CGGACATCTAAGGGCATCAC

GHSR-1a

AATGCTGGCTGTAGTGGTGTTT

AGAAGAGGACAAAGGACACGAG

Ghrelin

CTGGAAGTCCGGTTCAACG

CCAGAGGATGTCCTGAAGAAAC

18sRNA, 18S-ribosomal RNA ; GHSR-1a, Growth hormone
secretagogue receptor type 1a.

Fig. 1. Simple linear regression analysis reveals that the levels of
GHSR-1a mRNA expression in human GH-secreting adenomas
correlate positively with the adenoma size (R=0.411, p=0.006).
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Tab. 2. The expression of GHSR-1a mRNA in GH-secreting pituitary adenomas (n=43, mean ± SD).
n

GHSR-1a
mean CT

18sRNA
mean CT

∆CT
GHSR-1a-18sRNA

∆∆CT
∆CT.Inv–∆CT.Non-inv

2–∆∆CT
GHSR-1a Inv /Non-inv

Inv

22

16.42

10.63

5.79

–1.38

2.60

Non-inv

21

17.91

10.74

7.17*

0.00

1.00

Inv, invasive cases; Non-inv, non-invasive cases; SD, standard deviation; GHSR-1a, Growth hormone secretagogue receptor type 1a; CT, the
number of cycles required for the fluorescent signal to cross the threshold; ∆CT, the CT value of GHSR-1a subtract the CT value of 18sRNA;
∆∆CT, the ∆CT value of invasive group adenomas subtract the ∆CT value of non-invasive group adenomas; * p<0.05 compared with invasive
cases.
Tab. 3. The expression of ghrelin mRNA in GH-secreting pituitary adenomas (n=43, mean ± SD).
n

Ghrelin
mean CT

18sRNA
mean CT

Inv

22

25.16

Non-inv

21

25.98

2–∆∆CT
Ghrelin Inv /Non-inv

∆CT
Ghrelin-18sRNA

∆∆CT
∆CT.Inv–∆CT.Non-inv

10.63

14.53

–0.71

1.64

10.74

15.24*

0.00

1.00

Inv, invasive cases; Non-inv, non-invasive cases; SD, standard deviation; CT, the number of cycles required for the fluorescent signal to cross
the threshold; ∆CT, the CT value of Ghrelin subtract the CT value of 18sRNA; ∆∆CT, the ∆CT value of invasive group adenomas subtract that
of non-invasive group adenomas; *, p>0.05 compared with invasive cases.

Expression of the ghrelin mRNA in human GH-secreting
pituitary adenomas
A similar procedure was performed for assessment
of the expression level of ghrelin mRNA. Real-time
PCR revealed that ghrelin mRNA was present in all
43 adenoma tissues. Age and sex did not correlate significantly with the expression of ghrelin mRNA in the
GH-secreting adenomas. The level of ghrelin mRNA
expression was not correlated with plasma GH levels
(R=0.079, p=0.613) or plasma IGF-1 levels (R=–0.247,
p=0.110).
As expected, there was a significant positive correlation between ghrelin mRNA and the size of the GHsecreting adenomas (R=0.331, p=0.030) (Figure 2), but
there was no significant difference in the expression of
Ghrelin mRNA between the invasive and non-invasive
cases (p>0.05) (Table 3).
Detection of gsp mutations in the adenoma genomic DNA
We initially investigated the expression of gsp mutations
in 43 human GH-secreting adenomas. The mutations
were detected in 14 out of the 43 adenomas in the present research. Of these 14 adenomas, nine were a CGTto-TGT mutation at codon 201 (Arg201Cys), which
replaced Arg to Cys; two were a CGT-to-CAT mutation
at codon 201 (Arg201His); three were a CAG-to-CTG
mutation at codon 227 (Gln227Leu) (Figure 3). The
prevalence of gsp mutations in this study was 32.6%.
Next, we analyzed the clinical characteristics
between the gsp-positive and gsp-negative adenomas.
It was found there was no significant difference in
age, sex, basal serum GH and IGF-I levels between the
patients with and without the gsp mutations (Table 4),
and also there was no significant difference in adenoma
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size between the two groups (p= 0.987) (Figure 4). Subsequently, we examined whether the gsp mutations
were correlated with the tumor invasiveness, and no
statistical difference was identified between gsp-positive and -negative adenomas (p=0.332) (Figure 5).
Elevation of the GHSR-1a mRNA expression in adenomas harboring gsp mutations, but not the ghrelin mRNA
The influence of gsp oncogene on the expression level
of GHSR-1a mRNA and Ghrelin mRNA was investigated. The ΔCT values of the GHSR-1a and 18sRNA
in 43 human GH-secreting pituitary adenomas were
shown in Table 5, which indicated that the GHSR-1a
mRNA level was approximately 2.03 fold higher in gsp
positive group than in gsp-negative group (p<0.05).
However, there was no significant difference in
the ghrelin mRNA expression between the adenomas
with or without gsp mutations. The ΔCT values of the
ghrelin and 18sRNA in two groups were presented in
Table 6, which demonstrated that the ghrelin mRNA
expression was approximately 1.40 fold higher in the
gsp positive group than in gsp-negative group (p>0.05).
Comparison of the expression levels of ghrelin mRNA
and GHSR-1a mRNA
Next, the relationship between the mRNA expression
level of ghrelin and GHSR-1a was evaluated. Simple
linear regression analysis revealed that there was a significant direct correlation between the levels of ghrelin
mRNA and GHSR-1a mRNA expression in gsp-negative adenomas (R=0.489, p=0.007) (Figure 6A). Similarly, direct correlation was also found in gsp positive
adenomas (R=0.553, p=0.040) (Figure 6B).
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Fig. 2. Simple linear regression analysis reveals that the levels of
ghrelin mRNA expression in GH-secreting adenomas correlate
positively with the adenoma size (R=0.331, p=0.030).

Fig. 3. Direct sequencing of gsp mutations detected by PCR. The
information strands are shown. *denotes the mutation. A: Wildtype codon 201 (CGT). B: CGTTGT mutation. C: CGTCAT
mutation. D: Wild-type codon 227 (CAG). E: CAGCTG mutation.

Tab 4. The analysis of the clinical characteristics between the gsppositive and gsp-negative human GH-secreting pituitary adenomas
(n=43).
Sex
(M/F)

Age
(year)

Basal GH
µg/l

Basal IGF-1
(µg/l)

gsp (+)
(n=14)

5/9

43.2 ± 11.8

95.3 ± 78.7

636.9 ± 273.8

gsp (–)
(n=29)

13/16

44.7 ± 13.9

85.0 ± 118.8

707.2 ± 262.4

p-value

0.573*

0.657†

0.771†

0.421†

(+) present; (–) absent. * by Fisher’s exact test. † by Student’s t-test.

DISCUSSION
The human GHSR-1a, a 7 transmembrane domain G
protein–coupled receptor, was identified and cloned
by Howard et al. (1996). With the further advance of
research, GHSR-1a was found to be widely distributed
in various types of pituitary adenomas and other neoplasms. Skinner et al. (1998) have demonstrated that

Fig. 4. Gsp-positive and gsp-negative adenomas classified by
adenoma size.

Fig. 5. Number of cases with and without invasion of the cavernous
sinus for gsp-positive and gsp-negative adenomas.

GHSR-1a mRNA expression was 200-fold higher in
somatotroph tumors than in normal pituitary tissue,
suggesting that this receptor may be a promoting factor
in tumourigenesis. However, the association between
GHSR-1a or ghrelin expression and clinical characteristics is still not well known. In the present study, we
found that GHSR-1a mRNA was correlated positively
with the tumor size and invasiveness, while the ghrelin mRNA correlated positively only with tumor size
in Chinese GH-secreting pituitary adenomas patients.
These observations were not consistent with the reports
by Kim et al. (2001). They displayed that the ghrelin
mRNA expression was correlated negatively with the
tumor size, whereas there was no significant correlation between GHSR-1a mRNA levels and tumor size
in GH-secreting adenomas (n=13). In our opinion, the
discrepancy might be due to their small sample size.
Mutations of gsp were discovered in human GHsecreting pituitary adenomas and remained the only
known major genetic alterations of sporadic GHsecreting pituitary adenomas to date (Sakai et al. 2008;
Grossman 2009). In this research, gsp mutations were
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Tab. 5. The expression of GHSR-1a mRNA in 43 GH-secreting pituitary adenomas (n=43, mean ± SD).
n

GHSR-1a
mean CT

18sRNA
mean CT

∆CT
GHSR-1a-18sRNA

∆∆CT
∆CT gsp(+)-∆CT gsp(–)

2-∆∆CT
GHSR-1a gsp(+)/gsp(–)

gsp (+)

14

17.07

11.24

5.83

-1.02

2.03

gsp (–)

29

17.86

11.01

6.85*

0.00

1.00

(+), present; (–), absent; SD, standard deviation; GHSR-1a, Growth hormone secretagogue receptor type 1a; CT, the number of cycles
required for the fluorescent signal to cross the threshold; DCT, the CT value of GHSR-1a subtract the CT value of 18sRNA; DDCT, the DCT
value of gsp (+) group adenomas subtract that of gsp (-) group adenomas; *p<0.05 compared with gsp (+) group adenomas.
Tab. 6. The expression of ghrelin mRNA in 43 GH-secreting pituitary adenomas (n=43, mean ± SD).
n

Ghrelin
mean CT

18sRNA
mean CT

∆CT
Ghrelin-18sRNA

∆∆CT
∆CT gsp(+)-∆CT gsp(–)

2-∆∆CT
Ghrelin gsp(+)/gsp(–)

gsp (+)

14

25.34

11.24

14.10

-0.49

1.40

gsp (–)

29

25.60

11.01

14.59*

0.00

1.00

(+), pesent; (-), absent; SD, standard deviation; CT, the number of cycles required for the fluorescent signal to cross the threshold; DCT,
the CT value of Ghrelin subtract the CT value of 18sRNA; DDCT, the DCT value of gsp (+) group adenomas subtract that of gsp (-) group
adenomas; *p>0.05 compared with gsp(+) group adenomas.

detected in 14 out of 43 GH-secreting adenomas, with
the prevalence of 32.6%, which was in consistent with
previous studies (Lei et al. 1996; Buchfelder et al. 1999;
Kan et al. 2003); whereas it was reported much lower
among the Japanese patients (4.4% (Hosoi et al. 1993)
and 9.3% (Yoshimoto et al. 1993)). There was no significant difference with respect to adenoma size, invasiveness, or serum levels of GH and IGF-I in patients with
or without gsp mutations, confirming the reports of
others (Lei et al.; Buchfelder et al. 1999; Bai et al. 2000).
In the present research, it was found that GHSR1a mRNA was significantly higher in gsp-positive
adenomas than in gsp-negative adenomas. It has been
reported that an intravenous GHRH infusion rapidly
increased pituitary GHS-R mRNA levels in rat and
treatment with GHRH at any dose tested did not affect
GHS-R mRNA levels in primary pituitary cells (Kineman et al. 1999). The authors interpreted this phenomenon that additional factors, either central or systemic,
are required for the stimulatory actions of GHRH on
GHS-R synthesis. Then they confirmed that the acute
stimulatory effect of GHRH on GHS-R synthesis is independent of the central and peripheral actions of GH. As
mentioned above, gsp oncogene inhibits the activity of
GTPase and keeps the AC-cAMP-PKA signaling pathways in a continuous turned-on state, mimicking the
biological effects of GHRH on the cell membrane signal
transduction system. Therefore we speculate that the

Fig. 6. Simple linear regression analysis of the correlation in the
expression of GHSR-1a mRNA and ghrelin mRNA in GH-secreting
pituitary adenomas with or without gsp-mutations. A: There
is a significant positive correlation in gsp-negative adenomas
(R =0.489, p=0.007). B: There is also a significant positive
correlation in gsp-positive group (R =0.553, p=0.040).
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elevated expression of GHSR-1a mRNA in gsp-positive
adenomas is associated with the same factors, either
central or systemic, which were induced by the abnormal activation of AC-cAMP-PKA signaling pathways.
Additionally, Naoyuki Sakai et al. (2008) demonstrated
that gsp mutations up-regulate GHRHR mRNA in GHsecreting pituitary adenoma cells, which may also play
a key role in the stimulatory effect of gsp oncogene on
GHSR-1a mRNA expression.
In contrast, we found that the ghrelin mRNA expression did not differ between gsp-positive and -negative
adenomas, which was in accordance with the report by
Kim et al that ghrelin mRNA expression showed no significant difference between gsp mutation-positive and
-negative GH-producing adenomas, although the level
of ghrelin mRNA in gsp mutation-positive adenomas
tended to lower than that in gsp mutation-negative adenomas (Kim et al. 2003). This suggests that gsp mutations, which led to the aberrant activation of adenylyl
cyclase, do not affect the ghrelin on the mRNA levels in
GH-secreting adenoma cells.
The co-expression of ghrelin and the GHS-R-1a
mRNA was confirmed in a lot of normal and adenomas tissues; however in current reports the relationship
between them were contrary among some researches.
In our study, we quantified the expression level of ghrelin and GHS-R-1a mRNA in GH-secreting pituitary
adenomas, and found that there was a positive correlation between them, either in gsp-positive or gsp-negative adenomas. In 2006, Dixit et al. (2006) demonstrated
that the expression of ghrelin and GHS-R-1a mRNA
in several human astrocytoma cell lines. Ghrelin may
exert autocrine/paracrine effects in promoting cell
motility and invasion by up-regulating the GHSR-1a
expression. In addition, Machado et al. (2007) reported
that GHS (GHRP-6) stimulated the GHSR-1a mRNA
overexpression in a patient with ectopic ACTH production by a lung carcinoid tumor. Therefore we deduce
that ghrelin may enhance the expression of GHSR-1a
mRNA in the adenomas or (and) hypothalamus of the
GH-secreting pituitary adenomas, whereby to promote
GH hypersecretion, cell proliferation and to accelerate
the tumorigenicity and progression of these adenomas.

CONCLUSION
In summary, our work demonstrate that GHSR-1a correlated positively with tumor size and invasiveness,
while ghrelin correlated positively only with tumor size
in human GH-secreting pituitary adenomas. The most
important finding of this research is that gsp mutations
have a positive effect on GHSR-1a mRNA expression
and ghrelin may promotes the GHSR-1a mRNA synthesis in human GH-secreting pituitary adenomas.
Further investigation of the underlying molecular
mechanism for these phenomena is warranted.
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