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Abstract

The gastric pathogen Helicobacter pylori accelerates the progression to gastric cancer but the 

precise mechanisms that mediate carcinogenesis remain unidentified. We now describe how 

Helicobacter and gastrin stimulate the expression of a putative growth factor, Reg1, in primary 

gastric epithelial cells. RT-PCR and Western immunoblotting of human gastric corpus and antrum 

showed significantly increased Reg1α in H. pylori infected patients. Similarly, Reg1 was 

increased in the stomachs of H. felis-infected InsGas mice. To study transcriptional regulation of 

the Reg1 gene, we transfected primary mouse gastric glands with -2111 bp and -104bp Reg1

promoter-luciferase reporter constructs. Expression of both constructs was detected in pepsinogen-

and VMAT-2-expressing cells, which corresponds to the normal pattern of expression of human

and mouse endogenous Reg1.  The expression of both constructs was increased in response to 

gastrin and H. pylori and there were potentiating interactions between them; in contrast, only the -

2111bp construct responded to H. felis. Mutation of a C-rich putative regulatory element within 

the -104bp sequence abolished the response to gastrin but not to H. pylori while mutation of the 

proximal -98 to -93 region of the promoter reduced the response to H. pylori but not to gastrin. 

Stimulation of Reg1 by H. pylori required the virulence factor CagA. These data indicate that 

expression of the putative growth factor Reg1 is controlled through separate promoter elements by 

gastrin and Helicobacter. 
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Introduction

Epithelial growth, differentiation and repair depend on complex patterns of interaction between 

many different growth factors. In the stomach, the hormone gastrin is a well recognized 

physiological regulator of epithelial cell proliferation (45). In experimental models, gastrin 

appears to be responsible for the increase in proliferation that occurs in the post-prandial period

(33), and patients with hypergastrinemia exhibit increased mucosal thickness and increased 

parietal and enterochromaffin-like (ECL) cell numbers (9; 11). In addition, it is now clear that 

infection with Helicobacter pylori especially strains containing the virulence factor CagA is also 

associated with hyperproliferation in the stomach. Interest in this condition stems from the fact 

that infection is associated with a progression to gastric cancer which is the second commonest 

cause of death from malignancy worldwide (36). There is modest hypergastrinemia in H. pylori

infected subjects (26) but the extent to which interactions between gastrin and H. pylori might 

contribute to increased proliferation remain uncertain.

A growing body of evidence indicates that both gastrin and H. pylori regulate the production of a 

range of growth factors including members of the epidermal growth factor (EGF) family notably 

heparin-binding (HB)-EGF, transforming growth factor (TGF)α, amphiregulin, and fibroblast 

growth factor (FGF) (32; 46).  Importantly, there is also emerging evidence for a role of the Reg 

family of putative growth factors in mediating the proliferative actions of gastrin (14). The Reg 

family consists of a number of proteins discovered independently by several different groups and 

also variously called pancreatic stone protein, pancreatic thread protein and lithostathine (1; 6; 

15; 30; 35; 39; 41). Members of this family are expressed in many tissues (gastrointestinal tract, 

pancreas, neurons, heart) and there is abundant evidence for increased expression in response to 

damage, inflammation and infection (8; 24; 25; 27; 31; 38; 40). In human stomach, Reg1α has 

been localized to ECL and chief cells (19), and in the rat Reg1 has been localized to ECL cells 

(3).  There is increased Reg expression in hypergastrinemia (19) and in gastric inflammation (49)

and over-expression of Reg in transgenic mice is associated with stimulation of gastric epithelial 

cell proliferation and elevated chief and parietal cell numbers, but interestingly not ECL or mucus 

cells (29).
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In a previous study we showed that a C-rich region of the proximal promoter sequence of Reg1 

was required for gastrin-stimulated expression in AGS cells (4). In the present study we asked 

whether there was increased gastric Reg1α expression with Helicobacter infection in patients and 

in an animal model of gastric cancer (46), and we explored the cellular mechanisms regulating 

Reg1 expression in primary mouse gland cells by gastrin and different Helicobacter strains.
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Materials and Methods

Plasmids, drugs

Plasmids consisting of -2111 and -104 base pairs of the rat Reg promoter, and five mutants of the 

latter (m1-m5, Table 1), coupled to firefly luciferase (i.e. -2111 and -140bp Reg-luc) have been 

described previously (4). Heptadecapeptide amidated gastrin (G17) was purchased from 

Peninsula (St. Helens, Merseyside, UK).  All other chemicals were obtained from Sigma (Poole, 

Dorset, UK).

Patients

Six endoscopic pinch biopsies of gastric corpus and antrum were obtained with 2.4mm tip 

diameter, single-use, biopsy forceps (Diagmed healthcare, Thirsk, UK) from 40 patients with 

Helicobacter pylori infection confirmed by serology, antral urease test (Prontodry; Med. Inst. 

Corp. Solothurn, Switzerland) and antral and corpus histology. Dyspeptic patients (n=40) with 

normal endoscopy, normal plasma gastrin concentrations (<30pM), negative H. pylori status by 

serology, antral urease test and antral and corpus histology, were used as controls. Patients with 

plasma gastrin concentrations higher than 30pM were excluded on the grounds that gastrin is a 

confounding variable in testing the hypothesis that H.pylori infection is associated with increased 

Reg1α infection. The study was approved by the Ethics Committee of the Royal Liverpool and 

Broadgreen University Hospitals NHS Trust. All patients gave informed consent.

Animals

Male FVB and InsGas mice (47) were sacrificed at 3 months old about 4 hours after lights on and 

gastric corpus was extracted for RNA as previously described. Male InsGas mice were infected 

with Helicobacter felis as previously described (46) and H. felis infection was verified by 

positive antral urease test (Prontodry) and histology. Gastric corpus was taken at 3, 6, and 9 

months post-infection for histology and extraction for RNA.
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RT-PCR

Corpus RNA was extracted in Trizol (Invitrogen), DNAse treated (Promega, Southampton, UK) 

and 5µg of RNA was reverse transcribed with AMV reverse transcriptase (Promega) and random 

hexamers (Promega).  Real time PCR was carried out using primers specific for human and 

mouse Reg1 (Table 2) and an 18S rRNA control kit (Eurogentec, Southampton, UK).  Results are 

expressed as Reg1 mRNA expressions relative to 18S.

Western Blots 

Protein extracts of human gastric biopsies were prepared and Western blotting was performed as 

previously described (16; 28)  Samples were probed with antibodies to human Reg1 (Th9, gift 

from Susanne de la Monte, Boston, USA) followed by HRP-conjugated secondary antibody and 

detection by incubation with SuperSignal® West Pico Chemilminescent Substrate (Pierce, 

Illinois, USA) and HyperFilm (Amersham) as previously described (44). Samples were reprobed 

for GAPDH (Biodesign, Saco, Maine, USA).

Gastrin RIA

Plasma samples from human and mice were assayed for total amidated gastrin concentrations 

using antibody L2 (which reacts with G17 and G34, but not progastrin or Gly-gastrins) as 

previously described (10). 

Cultured gastric gland cells

Adherent mouse gastric glands were prepared using a modification of the method previously 

described (48). Briefly, the stomach was everted, ligated at both ends, washed in ice-cold HBSS 

and injected with 0.5 ml of 0.5 mg.ml-1 collagenase A (Roche Molecular Biochemicals, East 

Page 6 of 32



Steele et al., page 7

Sussex, UK). Glands were liberated by shaking after 45 min, and were collected by 

sedimentation, washed and cultured in Dulbecco's Modified Eagle's Medium (DMEM)/Hams F12 

supplemented with 10% FBS and 2% antibiotic-antimycotic solution (Sigma), at 37°C in 5% 

CO2/95% O2.

Transient transfection and bacterial infection of primary mouse gland cultures

Primary mouse glands cultured for 48 h on 12-well plates were transfected with 2 µg of DNA per 

well together with a constitutively active Renilla luciferase reporter, phRL-SV40 (5 ng per well, 

Promega), when appropriate, using CombiMag (Oz Biosciences, Marseille, France) according the

manufacturer’s instructions. Cells were incubated with G17 for 8 h, or infected with H. felis, 

strain 49179 (ATCC) or H. pylori rodent adapted strain 7.13 and its isogenic mutants (12) at a 

range of multiplicities of infection (MOI; 1:50-200) for 16 h as described previously (48).

Luciferase activity was measured by dual luciferase assay (Promega) in a Lumat LB9507 

luminometer (Berthold, Redbourne, Herts, UK). Results are presented as fold increase over 

unstimulated control, so a value of 1.0 signifies no change in luciferase activity.

Cellular targeting of Reg-luc in primary mouse adherent glands

To study cellular targeting of the luciferase vectors, Reg-luc transfected mouse gastric glands

were double immunostained with goat anti-luciferase antibody (Rockland Immunochemicals, 

Gilbertsville, PA, USA) together with one of the following: rabbit anti-pepsinogen (gift from 

Mike Samloff, Center for Ulcer Research, Los Angeles, CA, USA), anti H+/K+ATPase 

(Calbiochem) or anti-VMAT-2 (20), together with the appropriate FITC or Texas Red conjugated 

secondary antibodies, (Jackson Immunoresearch, Soham, UK), using Vectashield mounting 

medium with DAPI (Vector Laboratories, Peterborough, UK) for counterstaining of nuclei. Wild 

type Reg1 expression was studied using a rabbit anti-mouse Reg1 antibody (gift from Catherine 

Figarella, Faculty of Medicine, Marseille, France) and co-staining with antibodies described 

above except that a mouse anti-pepsin and guinea pig anti-VMAT-2 (RDI, Flanders, NJ, USA) 

were used. Slides were examined using a Zeiss Axioplan-2 microscope (Zeiss Vision, Welwyn 

Garden City, UK) and images captured using a JVC-3 charge-coupled device camera and KS300 

software combined with a deconvolution software (Imaging Associates, Bicester, Oxfordshire, 
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UK). Results are expressed as immunoreactive cells as a percentage of total cell number as 

reported earlier (28).

Statistics

Results are presented as means ± S.E.M.; comparisons were made using one way ANOVA or 

Student t-tests where appropriate, and were considered significant (*) at p<0.05.
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