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Abstract
AIM: To investigate the expression of gastrin-releasing 
peptide (GRP) and GRP-receptor mRNA in non-tumor 
tissues of the human esophagus, gastrointestinal tract, 
pancreas and gallbladder using molecular biology 
techniques.

METHODS: Poly A+ mRNA was isolated from total RNA 
extracts using an automated nucleic acid extractor and, 
subsequently, converted into single-stranded cDNA (ss-
cDNA). PCR amplifications were carried out using gene-
specific GRP and GRP-receptor primers. The specificity 
of the PCR amplicons was further confirmed by Southern 
blot analyses using gene-specific GRP and GRP-receptor 
hybridization probes.

RESULTS: Expression of GRP and GRP-receptor mRNA 
was detected at various levels in nearly all segments 
of the non-tumor specimens analysed, except the 
gallbladder. In most of the biopsy specimens, co-
expression of both GRP and GRP-receptor mRNA 
appeared to take place. However, expression of GRP 
mRNA was more prominent than was GRP-receptor 
mRNA.

CONCLUSION: GRP and GRP-receptor mRNAs are 
expressed throughout the gastrointestinal tract and 
provides information for the future mapping and 
determination of its physiological importance in normal 
and tumor cells.
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INTRODUCTION
Gastrin-releasing peptide (GRP) is a member of  the 
bombesin family of  neuropeptides. Bombesin was original-
ly isolated from the skin of  the amphibian Bombina bombina, 
whereas GRP is the homologous peptide in mammals, 
including humans[1]. GRP and GRP-receptor are widely 
expressed in the central and enteric nervous systems (ENS). 
GRP is known to stimulate secretion of  gastrin, gastric[2] 
and pancreatic juice[3] and hormones[4,5] to regulate the im-
mune system[6], and to modulate smooth muscle contractil-
ity[7,8]. The direct expression of  GRP and its receptor, and 
thus the exact mechanism behind its actions in gastrointes-
tinal tissues, are only sparsely examined. Immunocyochem-
istry revealed the expression of  GRP in submucosal cells 
of  the ileum[9]. In colon, in vitro autoradiography showed 
the GRP-receptor expression in the myenteric, but not 
submucosal, plexus as well as on smooth muscle cells[10]. 
Examination of  mucosal biopsies revealed GRP-receptor 
mRNA in cells lining the gastric antrum, but not in any 
other epithelial cells of  the gastrointestinal tract[11].

GRP and GRP-receptor are frequently expressed in 
the gastrointestinal cancer cells, such as gastric adenocarci-
noma[12,13], duodenal cancer[14], and colorectal cancer[15,16,17]. 
Cuttitta et al[18] have demonstrated that human cell lines 
derived from small-cell lung carcinomas of  the lung (SCLC) 
proliferate in response to autocrine release of  GRP. In 
gastrointestinal tumors, GRP-receptor activation only 
modestly increased tumor cell proliferation, but regulated 
tumor cell appearances or differentiation and, therefore, 
should be considered to act as a morphogen[1,16].

Based on these findings, it appears important to es-
tablish whether or not GRP and GRP-receptor mRNAs 
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are expressed in non-tumor gastrointestinal tissues. In this 
study, we analyzed GRP and GRP-receptor mRNA expres-
sions in the human esophagus, gastrointestinal tract, pan-
creas, and gallbladder by means of  a reverse-transcription 
polymerase chain reaction (RT-PCR) technique and South-
ern blot analysis of  the PCR amplicons.

MATERIALS AND METHODS
mRNA isolation and PCR amplification
The collection, origin and status of  full thickness biopsies 
from the human gastrointestinal tract and surrounding 
tissues from surgically removed biopsies from patients 
undergoing surgery for gastric diseases has been described 
elsewhere in detail[19]. In all, 24 biopsy specimens and two 
control cDNAs (Table 1) were processed and analyzed 
for the expression of  GRP and GRP-receptor mRNA. In 
subsequent PCR amplification experiments, mRNA and 
ss-cDNA preparations used were from a previous study 
and prepared as described recently[19].

β-actin amplification was performed in two rounds of  
PCR (30 and 25 cycles each time, respectively) with the 
same primers under cycle conditions as described above. 
Due to the positioning of  the primers, cDNA and ge-
nomic DNA will yield β-actin fragments of  different sizes 
(288 bp for cDNA and 400 bp for gDNA PCR amplicons, 
respectively). This allows monitoring for DNA contamina-
tion in ss-cDNA preparations and to assess for the integ-
rity of  the ss-cDNA used[19]. Control cDNA derived from 
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pancreas and stomach mRNA was purchased from Clon-
tech (BD-Biosciences, Clontech, Stockholm, Sweden).

PCR- amplification of GRP and GRP-receptor ss-cDNA
PCR was performed using a HotStarTaq Master mix kit 
(Qiagen, Hilden, Germany) in a final reaction volume of  25 
µL. Each reaction contained 2 µL of  the cDNA synthesis 
reaction as template. Quick-clone human pancreas and 
stomach cDNA (Clontech, BD Biosciences Stockholm, 
Sweden) were used as positive PCR amplification controls, 
whereas HotStar PCR amplification mix without ss-cDNA 
addition was used as a negative control. PCR amplification 
conditions, annealing temperature and primers used are 
shown in Table 2 and were taken from the study by Uchida 
et al[20]. For increased sensitivity, nested PCR amplifications 
were carried out for the detection of  GRP and GRP-
receptor cDNA. First round PCR amplicons were purified 
using a GFX PCR and Gel Band DNA Purification 
Kit (Amersham Biosciences, Uppsala, Sweden) and, 
subsequently, 1 µL was used in a nested PCR amplification. 
As positive PCR amplification controls, commercially 
available human stomach and pancreas cDNAs (Clontech, 
BD Biosciences Stockholm, Sweden) were included in 
the study. Negative PCR amplification controls (PCR mix 
without DNA template addition) were included to monitor 
possible contaminations.

Southern blot analysis of PCR amplicons
PCR amplicons were electrophoretically separated on a 
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Table 1 Biopsy specimens, sex, age, and β-actin, GRP and GRP-receptor PCR amplicons detected after exposure to X–ray films for one 
or five days

Experimental     Tissue origin                         Sex                   Age          β-actin                  GRP                                GRPR
number                                                                                                             1 d                      1 d                      1 d                   5 d

1 Esophagus M 64 + + + +
2 Ventricle M 64 + - + +
3 Ventricle M 84 + + weak weak
4 Duodenum M 75 + - - weak
5 Duodenum M 63 + + - weak
6 Ileum F 78 + + + +
7 Caecum M 72 + + + +
8 Colon ascendens F 68 + - - weak
9 Colon ascendens M 83 + - - weak
10 Colon ascendens F 74 + + - weak
11 Colon ascendens M 72 + + - weak
12 Colon transversum M 79 + + + +
13 Colon transversum F 79 + + + +
14 Colon transversum F 79 + + + +
15 Colon transversum F 74 + + - -
16 Colon descendent M 79 + + + +
17 Colon sigmoideum M 69 + + - -
18 Colon sigmoideum M 86 + + - weak
19 Colon sigmoideum M 48 + + + +
20 Colon sigmoideum M 83 + + + +
21 Rectum M 81 + + - weak
22 Rectum F 54 + - - -
23 Rectum M 83 + + + +
24 Gallbladder M 58 + - - -
25 Pancreas Control + + + +
26 Stomach Control + + + +



15 g/L agarose gel and Southern blot analysis was 
performed using 10 pmoles of  [32P]-5’-end-labelled nested 
primers hGRP-SE/2 and hGRP-AS/2 or hGRPR-1/SE 
and hGRPR-2/AS primers as hybridisation probes (Table 2) 
under the conditions described elsewhere[19].

RESULTS
Integrity of ss-cDNA
All analyzed ss-cDNA yielded fragments of  the expected 
length (288 bp) after two rounds of  β-actin PCR ampli-
fication and Southern blot analysis, indicating that the ss-
cDNA used was essentially free of  DNA contamination[19].

Differential tissue expression of GRP and GRP-receptor 
mRNA
Initially, first round and nested GRP and GRP–receptor 
PCR amplification conditions were optimized by means 
of  annealing temperature and cycle conditions using two 
established, premade PCR amplification mixes (puReTaq 
Ready-To-Go PCR beads, Amersham Biosciences and 
HotStarTaq Master mix kit, Qiagen). Essentially, the 
HotStarTaq Master mix kit was used under the conditions 
described in Table 2.

Southern blot analysis (one-day exposure) of  nested 
GRP-PCR amplicons derived from ss-cDNA revealed 
PCR bands of  the expected size in 18 of  24 (75%) biopsy 
specimens and in the human stomach and pancreas 
control cDNA’s. It appeared that GRP-PCR amplicons 
of  two distinct sizes were present. These GRP-PCR 

amplicons were similar in sizes to earlier described GRP-
PCR amplicons, derived from alternatively spliced GRP-
mRNA[20]. However, no attempts were made to further 
investigate this point. Furthermore, 11 of  24 (46%) 
biopsy specimens and the human stomach and pancreas 
control cDNA yielded GRP-receptor PCR amplicons 
of  the expected size (Figure 1, Table 1). After five-day 
exposure, an additional 9 of  24 (37%) biopsies yielded 
weak GRP-receptor PCR amplicons as judged by Southern 
blot analysis (Table 1), indicating a low level expression 
of  GRP-receptor mRNA. Similarly, two tissues revealed 
the presence of  an extra and larger GRP-receptor PCR 
amplicon. Its nature has not been further investigated.

No GRP and GRP-receptor PCR amplicons could 
be detected in the gallbladder tissue, indicating a lack 
of  expression of  these mRNAs. However, only one 
gallbladder biopsy was analyzed and, therefore, the result 
may not be conclusive since variable GRP and GRP-
receptor mRNA expressions were observed in ventricle, 
duodenum, colon ascendens and rectum biopsies (Figure 
1, Table 1). More specifically, GRP mRNA appeared to be 
expressed in 2 of  4 colon ascendens biopsies. In contrast, 
a weak band corresponding to GRP-receptor expression 
was detected in 4 of  4 colon ascendens biopsies after 5-d 
exposure, indicating a low level of  GRP-receptor mRNA 
expression in these tissues (data not shown). Remarkably, 
PCR amplicons corresponding to GRP mRNA expression 
were detected in 4 of  4 transverse colon and 4 of  4 
sigmoid colon biopsies (Figure 1). Similarly, GRP-
receptor mRNA seemed to be co-expressed in 3 of  4 

1     2     3      4      5      6     7      8      9    10    11    12    13     14    15     16    17   18   19    20    21    22   23    24    25    26    27

A

B

Figure 1 Southern blot hybridization analysis of nested PCR amplicons derived from ss-cDNA 1 to 26 as specified in Table 1. Lane 27 represents a negative PCR control 
(no ss-cDNA template added to the PCR master mix). Exposure to X-ray films was for 1 d using an intensifier screen at -70 ℃. A: hGRP-PCR amplicons; B: hGRP receptor 
PCR amplicons.

Table 2 PCR-primers, expected fragment sizes and PCR amplification conditions

Primer   Sequence, 5’ to 3’ orientation                      Size in bp         PCR conditions
                                                                               1Cycles     Tannealing

hGRP-SE/1 AGTCTCTGCTCTTCCCAGCCTCT
hGRP-AS/1 GCAGAACTCAGTCTCTTAGGGGT 558 30 55 ℃
hGRP-SE/2 CGTGCTGACCAAGATGTACC
hGRP-AS/2 TCATTGCTGGTTCAGCTGGG 349 30 62 ℃

hGRPR-SE/1 AGCCCGGCATAGATCTTATCTTC
hGRPR-AS/1 AGGGGGCAAAATCAAGGGTCAAT 1477 30 55 ℃
hGRPR-SE/2 CTCCCCGTGAACGATGACTGG
hGRPR-AS/2 ATCTTCATCAGGGCATGGGAG 388 30 62 ℃

β-actin-SE GCATGGAGTCCTGTCGCATCCACG
β-actin-AS CGTCATACTCCTGCTTGCTGATCCA 2288/400 30/25 55 ℃

1Numbers of cycles in first and second round PCR amplifications; 2cDNA and gDNA PCR amplicon sizes, respectively.
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transverse colon and 3 of  4 sigmoid colon (Table 1). 

DISCUSSION
Biopsy specimens were collected from various sites of  the 
human gastrointestinal tract and surrounding tissues. Ef-
forts were made to collect the biopsies from fresh, histo-
logically normal tissues (Table 1). Our results showed that 
GRP and GRP-receptor mRNAs were widely expressed 
in the human gastrointestinal tract and surrounding tis-
sues. It is tempting to speculate that the variation in GRP 
and GRP-receptor mRNA levels observed (Figure 1) may 
reflect a real-time mRNA expression situation. However, 
we can not exclude the possibility that artifacts based on 
sample selection (site of  collecting and biopsy sizes) may 
contribute to the observed mRNA level variations. 

Co-expression of  GRP and GRP-receptor mRNA in 
the same tissue as observed could lend support to specula-
tions about the existence of  an autocrine and/or paracrine 
loop. For paracrine signaling, the communicating cells 
need to be in close proximity in order to establish such 
loops. Expressions of  GRP and its receptor mRNA could 
be originating from different cell types in opposing parts 
of  the tissue collected. To verify the existence of  such an 
autocrine and/or paracrine loop, cellular co-expression of  
GRP and GRP-receptor mRNA and its subsequent trans-
lation into biologically active proteins must be confirmed. 
This could be achieved either by in situ hybridization or 
histochemistry techniques, using GRP and GRP-receptor 
specific hybridization probes or antibodies, respectively. 

In lack of  the results of  such studies, the physiological 
importance of  GRP and GRP-receptor mRNA expres-
sion in gastrointestinal tissues can only be speculated 
upon. However, based on earlier studies, it seems likely 
that GRP could act on the human colon via receptors on 
smooth muscle cells and gastric epithelial cells as well as 
on cells of  the ENS[11,12]. GRP has been shown to be the 
primary transmitter of  motor neurones to gastrin cells[2]. 
Pharmacological doses of  GRP showed a concentration-
dependent increase in the rhythmic activity of  the ileoce-
cum region[21] and evoked contractions of  isolated muscle 
cells from jejunum[7]. Accordingly, inhibition of  endog-
enous GRP delayed gastric emptying and gallbladder con-
traction[22]. In contrast, small bowel transit was prolonged 
by the same antagonist[22]. Thus, the effect on the small 
intestine may be important for mixing movements and 
not so much for the peristalsis. In our study, the presence 
of  GRP and its receptor throughout the gastrointestinal 
tract, in addition to earlier studies that showed no expres-
sion of  the peptides in the epithelial layer except gastric 
antrum[12] but on colonic smooth muscle cells and ENS[11], 
raises the hypothesis that the peptide may affect the motil-
ity along the entire GI tract. This is further underlined by 
the effects on smooth muscle cells[7,21]. Disturbed tissue 
levels of  GRP have been described in patients with idi-
opathic intestinal pseudo-obstruction[23]. The physiology 
and pathophysiology behind intestinal motility and dysmo-
tility are in many aspects unknown. It is difficult to study 
the physiological effect of  one single peptide alone, as the 
ENS contains many different peptides with an important 
balance between them. However, GRP seems to be one of  

the interesting peptides in the regulation of  gastrointesti-
nal motility.

To best of  our knowledge, this is the first study that 
describes the presence of  GRP and its receptor in the hu-
man pancreas. It is in accordance with the observed effect 
of  GRP on the secretion of  pancreatic juice and pancreat-
ic hormones[3-5]. Earlier animal studies have described that 
GRP is released from vagal, pancreatic nerves after stimu-
lation[4,24]. GRP then acts by binding to a specific member 
of  the 7 transmembrane spanning, G protein-coupled 
receptor superfamily where activation by GRP-receptors is 
coupled to phospholipase C and phospholipase D[24,25].

We were not able to detect GRP or GRP-receptor 
mRNA expression in the gallbladder. This may be ex-
plained by the fact that only one patient was examined. 
The earlier described effect of  a GRP antagonist to inhibit 
gallbladder contraction suggests that GRP receptors are 
expressed in the gallbladder[22]. However, antagonists may 
antagonise more than one receptor, and the PCR tech-
nique in the present study was specifically examining the 
GRP-receptor, not similar receptors in the same family.

The effect of  GRP in gastrointestinal carcinogenesis is 
unclear. Most of  resected colon cancers aberrantly express 
GRP receptor mRNA[26], whereas immunohistochemi-
cally, less than three-quarters of  human tumors express 
this protein[16]. Furthermore, not all of  these receptors are 
functional when expressed, as only a minor amount of  
resected human colon cancers have been found to bind 
(125I-Tyr4) bombesin when studied pharmacologically[27]. 
The discrepancy between GRP-receptor mRNA and pro-
tein expression may be due to the frequency with which 
the coding sequence for this receptor is mutated[17]. Some 
authors suggest that GRP acts as a mitogen and increases 
tumor cell proliferation[18], while others have found that 
GRP/GRP-receptor co-expression in cancer promotes 
the development of  a well-differentiated phenotype and 
is therefore more a morphogen than a mitogen[1]. Multiple 
studies suggest that the presence of  these two peptides 
confers a survival advantage[14,16].

In conclusion, GRP and GRP-receptor mRNA appear 
to be expressed throughout the human gastrointestinal 
tract. This provides information for the future mapping 
of  GRP and GRP-receptor expression at the cellular level, 
and thereby further determination of  its physiological im-
portance in normal and tumor cells. 
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