
Regulated expression of the human gastrin gene in mice

Edith Mensah-Osman1, Ed Labut1, Yana Zavros1, Mohammad El-Zaatari1, David Law1, and
Juanita L. Merchant1,2

1 Departments of Internal Medicine, University of Michigan, Ann Arbor, MI 48109, USA

2 Molecular and Integrative Physiology, Division of Gastroenterology, University of Michigan, Ann Arbor,
MI 48109, USA

Abstract
Gastrin is secreted from neuroendocrine cells residing in the adult antrum called G cells, but
constitutively low levels are also expressed in the duodenum and fetal pancreas. Gastrin normally
regulates gastric acid secretion by stimulating the proliferation of enterochromaffin-like cells and
the release of histamine. Gastrin and progastrin forms are expressed in a number of pathological
conditions and malignancies. However, the DNA regulatory elements in the human versus the mouse
gastrin promoters differ suggesting differences in their transcriptional control. Thus, we describe
here the expression of the human gastrin gene using a bacterial artificial chromosome (BAC) in the
antral and duodenal cells of gastrin null mice. All 5 founder lines expressed the 253 kb human gastrin
BAC. hGasBac transgenic mice were bred onto a gastrin null background so that the levels of human
gastrin peptide could be analyzed by immunohistochemistry and radioimmunoassay without
detecting endogenous mouse gastrin. We have shown previously that chronically elevated gastrin
levels suppress somatostatin. Indeed, infusion of amidated rat gastrin depressed somatostatin levels,
stimulated gastric acid secretion and an increase in the numbers of G cells in the antrum and
duodenum. In conclusion, human gastrin was expressed in mouse enteroendocrine cells and was
regulated by somatostatin. This mouse model provides a unique opportunity to study regulation of
the human gastrin promoter in vivo by somatostatin and possibly other extracellular regulators
contributing to our understanding of the mechanisms involved in transcriptional control of the human
gene.
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Introduction
Gastrin is an important gastrointestinal hormone secreted from neuroendocrine cells located
in the antrum of the stomach and proximal duodenum (G cells) 1. However, only G cells in
the gastric antrum are regulated by changes in gastric pH, fasting and re-feeding 2, 3. By
contrast, gastrin levels produced by the few G cells in the adult duodenum are constitutively
low 4. In addition to changes in gastric pH, chronic gastritis in human subjects increases gastrin
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gene expression, presumably due to reduced somatostatin expression 5 6, although the effect
on G and D cell numbers is not consistently observed 7, 8 9. Nevertheless, we have shown
previously in the somatostatin-deficient mouse that modulation of tissue somatostatin levels
is the most effective regulator of gastrin secretion 10. In addition, proinflammatory cytokines,
e.g., interferon gamma (IFNγ) and IL-1β, are effective regulators of somatostatin and
subsequently gastrin 10, 11. However, the inducible and tissue-specific DNA regulatory
elements controlling human gastrin gene expression have been difficult to study in vivo due
to the lack of appropriate mouse models in which transgenic constructs are faithfully expressed
in the antral and duodenal G cells.

Previous reports have described the use of gastrin promoters to drive the expression of human
gastrin or other cDNAs in mice 12–14. By contrast, when a human promoter <3 kb was used
to express the human gene in mice, no expression was detected 14. This result was likely due
to insufficient amounts of the promoter in the transgene available to drive tissue-specific
expression in mouse cells 14. When approximately 5 kb of the human gastrin promoter was
used to drive SV40 T antigen expression, gastrin-expressing antral, islet and hepatobiliary
tumors developed 13. The mice did not survive due to the tumor burden. This result supported
the notion that tissue specific expression of the human promoter in the stomach requires at least
5 kb of upstream regulatory sequences, but that additional elements were required for the
expression to be extinguished in the adult pancreas and liver. To date, none of the prior
constructs completely recapitulate the native tissue specific expression pattern of human gastrin
in the adult mouse.

Since there are human diseases, for example gastrinomas, in which the human gastrin promoter
is overexpressed and mouse and human DNA regulatory elements differ significantly 15, 16,
we propose that it will be important to study the human promoter directly. Human G cells are
not readily available and genetic manipulation of the human promoter cannot be studied in
vivo. Therefore, we generated a mouse model of human gastrin gene expression. To overcome
most of the prior difficulties encountered when studying the human promoter in mice such as
restriction of the expression to the adult stomach and duodenum, we used a human BAC clone
17, 18. Although prior mouse models of human gastrin gene expression were successful in
targeting the antral G cell, none examined expression in the duodenum nor tested regulation
of the human constructs in vivo 12–14.

In the current study, we describe a transgenic mouse that faithfully expresses human gastrin
in both antral and duodenal G cells from a 253 kb human BAC clone containing the entire
gastrin locus. Moreover, we demonstrate that modulating endogenous somatostatin levels
regulate the human gastrin BAC transgene. Thus, this hGasBAC mouse model can be used to
elucidate the transcriptional regulatory elements in the human gastrin promoter that function
in vivo.

Materials and Methods
Animals

Wild-type (WT, C57BL/6) and gastrin-deficient (Gas−/− on a mixed 129/Sv/C57BL/6 genetic
background) mice were maintained in individual sterile micro-isolator cages in non-barrier
mouse rooms. All studies were performed with the approval of the University of Michigan
Animal Care and Use Committee accredited by the American Association of Assessment and
Accreditation of Laboratory Care (AAALAC) facility.
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Human Gastrin BAC (hGasBAC) clone acquisition and characterization
The BAC clone RP11-1027A8, (GenBank Accession No. AC130341) was identified in
silico as encompassing the human gastrin gene and was purchased from the Children’s Hospital
of Oakland Research Institute (CHORI). The insert was 253 kb and was cloned into the
pBACe3.6 vector (GenBank Accession No. U80929) 17. Since the available BAC DNA
sequence available online was incomplete, we used sequence-tagged-site (STS)-content
analysis and restriction mapping to assess the integrity of the cloned insert. The sequence-
tagged-sites used for this analysis, the forward and reverse primers and amplimer sizes are
shown in Table 1.

Generation of transgenic mice
Gastrin null mice were obtained from Linda Samuelson (University of Michigan) 19. ES cells
from Gas−/− mice were injected with the linearized full-length human gastrin gene BAC vector.
Blastocyts containing the 253 kb BAC clone were transplanted into pseudo-pregnant mothers.
The offspring of these mice were bred to Gas−/− male mice on a congenic C57/BL6 background
to maintain the hGasBAC transgene on a genetic background null for mouse gastrin. Human
gastrin was detected by immunohistochemistry, radioimmunoassay and immunoblot analysis.
The absence of mouse gastrin mRNA expression in the gastrin null mice was confirmed using
mouse gastrin specific primers.

Administration of Gastrin-17 (G-17) to hGasBAC transgenic mice
Alzet micro-osmotic pumps (Model 1007D, Durect Corporation, Cupertino, CA) were inserted
into the peritoneal cavity of hGasBAC or WT mice after anesthetizing with xylazine (20 mg/
ml) and ketamine (100 mg/ml). The muscle was closed with sterile Ethicon dissolvable sutures
and skin incisions were closed with nylon sutures. The pumps delivered PBS or rat gastrin
G-17 (Bachem) at a rate of 5 μg/kg/h (30–40 μg/mouse/day of peptide) for 7 days before being
sacrificed.

Immuohistochemistry
Human gastrin was detected by immunohistochemistry according to a previously published
protocol 10. Briefly, longitudinal sections of the stomach antrum and duodenum were fixed in
4% paraformaldehyde/PBS then paraffin embedded. Three micron sections were prepared. The
slides were de-paraffinized by heating to 100°C in 0.01 M sodium citrate for antigen retrieval
and non-specific antigenic sites were blocked with 20% normal rabbit serum/PBS and 0.1%
Triton X-100 for 30 min. The slides were incubated for 1 h with a 1:800 dilution of goat anti-
gastrin (Santa Cruz Biotechnology). A 1:200 dilution of FITC-conjugated anti-goat (Jackson
Laboratories) was used as the secondary antibody. The number of gastrin-stained cells was
quantified by morphometry and expressed as the average number of cells counted per gland
(10 glands counted per slide per animal). Stomach sections from WT and Gas−/− mice were
used as positive and negative immunohistochemistry controls.

Gastrin radioimmunoassay (RIA)
RIA was used to determine the levels of gastrin in both tissue and serum of the hGasBAC mice.
Approximately 1 ml of blood was collected by cardiac puncture, aliquoted into lithium-heparin
tubes (SARSTEDT, Germany) then centrifuged at 3000 rpm for 15 min at 4°C to generate
plasma (supernatant). The plasma was collected immediately and stored at −20°C until assayed
for gastrin by RIA as previously described 20. Water tissue extracts were assayed for amidated
gastrin (G-17) using the appropriate volume and dilution (empirically determined). Briefly,
mouse serum (Sigma) was heat-inactivated at 56°C then charcoal stripped overnight at room
temperature. For the standard curve, 1 mg/ml of human synthetic gastrin (Sigma) was diluted
in PBS to 100 ng/ml, and then serially diluted in stripped mouse serum (Sigma) to: 1000, 512,
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256, 128, 64, 32, 16, 8, and 4 pg/ml. The standard curve and test samples were performed in
triplicate. 125I-G17 (5000 cpm per 50 ml PBS, Perkin Elmer LAS) competed for gastrin in the
standards or samples for the binding of rabbit anti-gastrin antibody (1:5000 dilution, Dako
Cytomation cat. # A0568), by incubating the reaction mixture for 72h at 4°C in tubes pre-
coated with polyethylene glycol (2.5% MW 10000 Da from Sigma). The incubation period
was terminated by adding 50 ml of newborn calf serum (Sigma) prior to precipitating bound
gastrin with 250 ml of 25% polyethylene glycol (MW 8000 daltons, Sigma). After vortexing
then centrifuging at 1500 rpm for 30 min at 4°C, the supernatant was removed by aspiration
and the pellet counted on a gamma counter. The data was analyzed using non-linear regression
analysis using Excel and Prism software to compute the levels of the gastrin in test samples
from a standard curve.

Measurement of basal gastric acid levels
After sacrificing, WT, Gas−/−, hGasBAC and hGasBac mice infused with rat G-17, 2 ml of
saline were used to rinse the stomach. The hydrogen ion concentration was determined by base
titration using 0.005N NaOH and the pH-STAT control titrator (PHM290, Radiometer
Analytical S.A. France). The concentration of acid was expressed as μEq of acid per kg weight
of the mouse.

Immunoblot analysis
Protein was extracted from stomachs removed from WT, Gas−/− or hGasBac mice after
homogenizing the tissue in lysis buffer (300 mmol/L NaCl, 30 mmol/L Tris, 2 mmol/L
MgCl2, 2 mmol/L CaCl2, 1% Triton X-100, pH 7.4) supplemented with protease inhibitors
(EDTA-free complete tablets, Roche). Immunoblot analysis was performed on a 4–20% SDS-
polyacrylamide gradient gel (Invitrogen, Carlsbad, CA, USA). The nylon membranes were
blocked with 0.55 Uniblock (Analytical Genetic Testing Center, Inc.) for 1h at room
temperature prior to a1h incubation with goat anti-gastrin antibody (Santa Cruz) at a dilution
of 1:1000. The membranes were washed three times for 10 min followed by incubating with
a 1:2000 dilution of Alexa Fluor 680 rabbit anti-goat (Molecular Probes) for an additional hour.
Gastrin pro-peptide was visualized using the Odyssey Infrared Imaging System (Li-Cor
Biosciences, Lincoln, NE). All immunoblots were quantified using the Odyssey Infrared
Imaging System software and the data was expressed in pixels/mm2.

PCR analysis
cDNAs were reverse transcribed from total RNA obtained from WT, Gas−/− and hGasBAC
stomachs using an oligo-dT primer according to the manufacturer’s protocol (GIBCO-BRL,
Superscript kit). To confirm the integrity of the RNA prepared, the cDNAs were also subjected
to PCR amplification of GAPDH. All primers were obtained from Invitrogen. The forward
primer sequences for human gastrin was: ATGCAGCGACTATGTGTGTGTATG and the
reverse primer was: TTCTCATCCTCAGCACTGCGGCGGC. The size of the gastrin
fragment was 432 bp. For GAPDH, the forward primer was:
TTCACCACCATGGAGAAGGC, and the reverse primer was:
GGCATGGACTGTGGTCATGA. The amplified GAPDH product was 612 bp. PCR
amplification was performed in a total volume of 25 μl, containing 105 PCR buffer with
MgCl2, 10nM dNTPs, 200nM of primers, 5 μl of cDNA, 100 nM of Taq Polymerase GOLD
and 2.5 μl of Sybr Green (Molecular Probes). PCR amplification was performed in duplicate
using the following conditions: 94°C for 10 min, followed by 35 two-temperature cycles at
94°C for 1 min and 55°C for 1 min.
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Results
Characterization of the hGasBAC clone

Since there were gaps in the DNA sequence of the 253 kb human gastrin BAC (hGasBAC),
we performed sequence-tagged-site (STS)-content analysis, additional DNA sequencing and
restriction mapping to confirm its structural integrity. The combined results of these analyses
are summarized in Figure 1. The hBAC clone contained a contiguous insert spanning about
253 kb (Fig. 1A), with the gastrin gene locus near the 3′ end of the clone (~50 kb from the 3′
terminus). The gastrin insert with the sequence-tagged-sites and annotated restriction map for
the human gastrin locus is shown in Fig. 1B.

Transgenic hGASBAC mice express human gastrin
The hGasBAC transgenic mice were bred onto the gastrin null (Gas−/−) background so as to
analyze the expression and phenotype of the mice exclusively expressing human gastrin
without interference from endogenous mouse gastrin. Five founder lines of mice were analyzed
and all were observed to express human gastrin in the antrum and duodenum. However, the
amount of gastrin expressed based upon the intensity of gastrin detected by
immunohistochemistry varied for each founder (Fig. 2). Founder lines 425 and 807 exhibited
low levels of antral gastrin staining while 334, 809 and 341 showed high levels staining. We
observed that all the mice expressed human gastrin predominately at the base of the antral
glands as expected. The variation in gastrin peptide levels was confirmed by immunoblot
analysis (Fig. 3) and tissue gastrin concentration determined by RIA (Fig. 4A). There was no
gastrin expressed in the adult pancreas (data not shown). The variation in expression was likely
due to differences in the site of transgene integration rather than stability of inheritance of the
transgene since the analysis was carried out on the F2 generation of mice (two generations after
the founder line). Nevertheless, it is worth noting that despite the degree of peptide expression,
the transgene faithfully expressed in the correct tissues (antrum and duodenum and not the
adult pancreas), suggesting that the additional sequences in the BAC served to extinguish
inappropriate expression in other tissues and to insulate the transgene from spurious influences
of the surrounding sequences at the random sites of integration 21–23.

Human gastrin peptide detected in tissue not plasma
RIAs using a monoclonal antibody specific for amidated gastrin were used to quantify the
amount of human gastrin expressed in the antral tissue of these hGasBAC transgenic mice.
The amount and site of human gastrin transgene expression in line 334 was comparable to the
amount of endogenous mouse gastrin quantified in the antral tissue of WT mice (40–45 pg/ml/
mg tissue) (Fig. 4A). Founder line 809 expressed significantly lower levels of gastrin at a mean
tissue concentration of 8 pg/ml/mg tissue consistent with the immunohistochemical staining.
Thus, founder line 334 expressed high levels of gastrin, whereas founder line 809 expressed
low levels of gastrin.

In contrast, gastrin peptide was not detected in the plasma of any of the hGasBAC mouse lines
suggesting that although human gastrin is expressed and processed (antibody specific for
amidated gastrin) in the tissue, it was not secreted. This result was not a function of the ability
of the antibody to recognize gastrin from different species. Both plasma and tissue samples
were assayed in the together. Therefore we concluded that the RIA quantified both plasma and
tissue levels of gastrin in the WT mice but only tissue gastrin and not plasma gastrin were
detected in the mice expressing the human transgene. Since the antibody detects only amidated
gastrin, we concluded that the human transgene is expressed and the peptide is processed but
not secreted from the cell. This is the first report of a species-specific difference in the gastrin
gene sequence that translates into a functional distinction, i.e., gastrin secretion. The result
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suggests that there might be regulatory mechanisms related to the export of gastrin from the
cell that have heretofore not been observed.

Acid and somatostatin regulate the human gastrin transgene
It has been established that the most effective means of stimulating gastrin physiologically is
by suppressing somatostatin levels to remove its paracrine regulation of G-cells 24–26.
Infusing exogenous gastrin acutely initially stimulates somatostatin release 27. However, we
have found that chronic hypergastrinemia suppresses somatostatin 20. In order to determine
whether the human gastrin BAC transgene expressed in these mice could be regulated, we
infused a mixture of pro- and amidated rat gastrin G-17 into either the hGasBAC or wild type
(WT) mice. We found that the infusion stimulated gastric acid secretion in the stomachs of
both the WT and hGasBAC mice (line 807) on the gastrin-deficient background (Fig. 5).
Moreover, the infusion essentially raised the acid levels in the transgenic mice to the levels
produced in WT mice at baseline.

Previous data has shown that even in gastrin null mice, somatostain levels remain unchanged
compared to WT 20. However, infusion of G-17 over 14 days was sufficient to decrease gastrin
levels. Indeed, we confirmed that infusion of gastrin into WT or hGasBAC transgenic mice
significantly depressed somatostatin mRNA levels (Fig. 6A). Using specific primers for exon
3 of the human gastrin gene that do not amplify mouse gastrin, we found that the decrease in
somatostatin correlated with a significant increase in the mRNA levels of human gastrin (Fig.
6B). It should be emphasized that exon 3 human gastrin primers did not amplify mouse gastrin
mRNA, explaining the result shown for the WT mice (Fig. 6B). Immunohistochemical staining
with antibodies specific for amidated gastrin demonstrated increased gastrin expression in the
antral tissues of both the hGasBAC and WT mice (Fig. 7), demonstrating that somatostatin
regulates the expression of the human gastrin transgene. It is unclear why the peptide is not
secreted from the mouse cells. Nevertheless, the result shows that somatostatin regulation of
gastrin gene expression is not linked to gastrin secretion.

Expression and regulation of human gastrin in the duodenum of hGasBAC mice
Gastrinomas developing in Men 1 patients are located primarily in the duodenum rather than
the antrum or pancreas 28. This observation raises the possibility that regulation of gastrin gene
expression in the duodenum differs from regulation in the stomach. In fact, duodenal
enteroendocrine cells appear to be distinct from enteroendocrine cells in the stomach based on
lineage tracing experiments using a neurogenin 3 homeobox promoter driving CRE
recombinase 29. In the duodenum, we found that the induction of gastrin was much greater
than in the antrums (compare Fig. 7 and 8). This result suggested that human gastrin in the
duodenum is more sensitive to changes in somatostatin levels, since the levels were
significantly increased upon infusion with exogenous gastrin while mouse duodenal gastrin
was not.

Discussion
Gastrin has been implicated in a number of human disease states, e.g., chronic gastritis and
gastrointestinal cancers 30–33. Presumably this is due to aberrant regulation of gastrin gene
expression. Since proximal regulatory elements in the mouse and human promoters differ 15,
16, an in vivo model of human gastrin expression would be useful in furthering our
understanding of how the human locus is regulated.

Previous reports have described appropriate tissue specific expression of the human gastrin
coding sequences in G cells when expressed from the rat gastrin promoter 14. By contrast,
studies using short segments of the human gastrin promoter were unsuccessful in driving
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expression 14. This result might be due to nucleotide differences within essential regulatory
elements that affect the way transcription factors bind to the rodent versus the human gastrin
promoters 15, 16. While reports using small fragments of the human gastrin gene (~1300 bp)
have not been successful in driving expression 14, a 10.5 kB human gastrin construct comprised
of ~5 kb of the human promoter in addition to the 3 exons, 2 introns and 1.5 kb of 3′ untranslated
sequence linked to the SV40 T antigen coding sequence resulted in antral tumors expressing
gastrin as well as islet and hepatobiliary tumors 13. Taken together, these studies suggest that
the differences in tissue specific expression of gastrin reside within the upstream promoter
elements. In particular, it appears that appropriate expression of the human promoter in mouse
cells requires a large segment of the promoter.

Therefore to study regulation of the human gene in vivo, a transgenic mouse was generated
from a human BAC clone. We successfully generated 5 lines of transgenic mice that expressed
the human gastrin transgene on a gastrin null background. Interestingly, these hGasBAC mice
remained hypochlorhydric and hypogastrinemic despite appropriate tissue-restricted gastrin
expression in antral and duodenal tissues. We excluded differences in gastrin processing as the
cause of the hypogastrinemia since the antibody used for immunohistochemical analysis and
RIA detects only the amidated forms of gastrin. Furthermore since Wang and others 14 have
previously shown that human gastrin expressed from the insulin promoter in the INS-GAS
mouse model stimulates acid, we also excluded the possibility that mouse parietal cells are
unresponsive to human gastrin peptides. The absence of gastrin in the serum suggests that the
human gastrin locus contains DNA sequences that encode protein domains that are poorly
conserved in the mouse locus and are ultimately required to export the peptide out of the
neuroendocrine cell.

We also showed that modulating the levels of somatostatin regulated gastrin gene expression
suggesting that the transcriptional control elements in the human gastrin BAC transgene are
intact. We previously reported that exogenous gastrin infusion suppresses somatostatin levels
and increases gastric acidity 20, supporting the observation that exogenous gastrin regulated
the number of G-cells expressing the human peptide in the hGasBAC mice. Although this
model may not be useful to study the effects of human gastrin in plasma on downstream targets,
it remains a relevant model to study regulation of gene expression. An additional application
of the human gastrin BAC transgene will be its ability to drive CRE recombinase to generate
G cell specific knockout mice.

The difference in the regulation of the human gene in the duodenum compared to the mouse
locus was not expected. However, further deletional analysis of the human BAC transgene may
provide clues as to why gastrinomas develop in the duodenums of MEN 1 patients compared
to the behavior of the mouse gastrin locus in mice heterozygous for the menin allele.
Specifically, Collins and co-workers found that only 1 tumor developed in the duodenum of a
mouse model of MEN 1 gastrinomas at 18 months 34. Although the delay in tumor development
was thought to be a function of the time to develop loss of heterozygosity at the second locus,
their result might also reflect species differences at the gastrin locus. In particular, the human
gastrin gene might be more susceptible to mutations at the menin locus. In point of fact, we
clearly showed here that the human gastrin gene is more responsive to regulation by
somatostatin than the mouse locus.

In conclusion, the studies here describe the creation of a mouse model that expresses the human
gastrin gene. The factors involved in secretion of the human gastrin peptide and transcriptional
control of the human locus by at least one extracellular regulator, i.e., somatostatin, appear to
be distinct compared to the mouse gene. We propose that further study of this transgenic
hGasBac mouse model will be useful to study human gastrin regulatory elements in vivo and
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can also be used as a tool to express genes of interest in a bona fide G cell as opposed to tumor-
derived cell lines or immortalized primary cells.
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Figure 1. Characterization of hGasBAC
Panel A. The genomic segment encompassing the human gastrin gene locus is represented as
a horizontal line. Exons are represented as filled boxes and introns are unshaded. The various
restriction sites spanning the 5′ and 3′ regions and the size of the genomic human gastrin gene
hGas is indicated.
Panel B. Long-range map showing the various sequence-tagged-site (STS) and restriction sites
for clone characterization of the genomic segment.
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Figure 2. Expression of human gastrin in the antrums of 5 founder lines
Immunohistochemical staining for gastrin in the antrum of A) WT (wildtype), B) GAS−/−, and
BAC mice from founder lines C) 334 (BAC334), D) 425 (BAC425), E) 809 (BAC809), F) 341
(BAC341) and G) 807 (BAC807).
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Figure 3. Detection of the human gastrin in transgenic mice by immunoblot analysis
Antral tissue collected from 3 hGas Bac mice was analyzed by immunoblot analysis using an
antibody that recognizes unprocessed and processed gastrin (Santa Cruz) at 1:1000 dilution.
Shown is the precursor progastrin (ProGAS) form detected at 14 kDa.
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Figure 4. Detection of human gastrin in antral tissue by RIA
A. Antral tissue levels of gastrin measured by RIA in hGasBAC founder lines 334 and 807 and
compared to wild-type age-matched (controls) and gastrin knock-out mice (Gas−/−) as positive
and negative controls, respectively.
B. Plasma gastrin concentrations in hGasBAC mouse lines 334 and 807 were compared to
wild-type age-matched (controls) and gastrin knock-out mice (Gas−/−).
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Figure 5. Gastric acidity is increased in hGas Bac mice infused with gastrin
Gastric acidity in WT (wild type), gastrin infused WT (WTGAS), hGasBAC (BAC), infused
with rodent gastrin BAC (BACGAS) and gastrin-deficient (GAS−/−) mice. *P<0.05 compared
to WT, #P<0.05 compared to BAC. The results are expressed as the mean ± SEM for 3 mice
per group (unpaired t-test).
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Figure 6. Hyperacidity decreases somatostatin levels in hGasBAC mice
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A. qRT-PCR levels for somatostatin on WT and hGasBAC mice infused with rat gastrin.
*P<0.05 compared to BAC; #P<0.05 compared to WT; n = 3 per group (unpaired t-test).
B: Decrease in somatostatin modulates expression of human gastrin in hGasBAC mice.
qRT-PCR levels for human gastrin on hGasBAC mice infused with rat gastrin. *P<0.05
compared to BAC; #P<0.05 compared to WT; n = 3 per group. ND: not detected. The PCR
primers used in the analysis were specific for human and not mouse gastrin. Therefore no
mouse gastrin mRNA was detected serving as a useful control analysis of expression of the
human gastrin BAC mRNA.
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Figure 7. Up-regulation of gastrin cells in the antrum of gastrin infused WT and hGasBAC mice
A. Immunohistochemical staining for gastrin in antrums of A) WT (wild type), WT mice
infused with rodent gastrin B) WT (WTGAS), C) hGas BAC mice (BAC), D) gastrin infused
BAC (BACGAS) and E) gastrin-deficient (Gas−/−) mice. B. Quantification of the number of
gastrin positive cells per gland was determined by morphometry. *P<0.05 compared to WT.
The results are expressed as the mean ± SEM for 3 mice per group (unpaired t-test).
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Figure 8. Up-regulation of gastrin cells in the duodenum of gastrin infused hGasBAC mice
A. Immunohistochemical staining for gastrin in duodenums of A) WT (wild type), gastrin
infused B) WT (WTGAS), C) BAC, D) gastrin infused hGasBAC (BACGAS) and E) gastrin-
deficient (Gas−/−) mice. Duodenal G cells indicated (arrow). B. Quantification of the number
of gastrin positive cells per villus was determined by morphometry. *P<0.05 compared to WT.
The results are expressed as the mean ± SEM for 3 mice per group (unpaired t-test).
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