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Production of acid in the upper gastrointestinal tract was 
developed in primitive fishes and has been preserved during 
evolution. Together with enzymes, the proteolytic enzyme 
pepsin, and a lipase, both being active at the extreme acidic 
condition in the stomach, the gastric juice is a liquid extremely 
suited for killing swallowed microorganisms. Although protein 
digestion starts in the stomach, the main function of the gastric 
juice is to kill micro-organisms and thus protect the organism 
from infections via the gut. The production of gastric acid is one 
of the most energy requiring processes in the body by creating a 
H+ gradient of more than 1 million. This is also reflected by the 
parietal cells being stuffed with mitochondria. The susceptibility 
of the oxyntic mucosa to hypoperfusion/hypoxia is also reflected 
by stress ulcers developing in the oxyntic mucosa [1]. Moreover, 
the evolutionary importance of the highly acidic gastric juice is 
indirectly demonstrated by the risk it creates by causing breaks 
in the mucosa leading to peptic ulcer or reflux oesophagitis. 
The gastric and duodenal bulb mucosae protect themselves by 
secreting bicarbonate into a surface mucin layer, but sometimes 
the acid and enzymes overwhelm the defence leading to mucosal 
breaks. The squamous epithelium in the oesophagus lacks these 
abilities but is protected by a valve function due to the anatomy 
as well as muscular tone. When the valve function by one cause 
of the other is defect, gastric juice enters the oesophagus causing 
damage to the mucosa, reflux oesophagitis.

For many years the focus was on the harmful effects of the 
gastric juice, and then mainly the gastric acid. In this context it 
should be mentioned that the effects of the gastric juice are due 
to a combination of the acid and the active enzymes, and that it 
is impossible to separate the one from the other. The biological 
function of the gastric juice has been neglected, probably due 
to the apparent few problems in patients lacking gastric acidity 
as those having autoimmune gastritis and anacidity. Due to the 
prevalent problems due to gastric acidity, there were early great 
interest in the production and regulation of gastric acid. Thus, 
Pavlov initiated physiological studies on living animals describing 
the importance of nerves in the regulation of gastric acid 
secretion [2], and Edkins postulated the production and release 
of an antral hormone, gastrin, stimulating acid secretion [3]. 
Some years later Popielski described the acid stimulatory effect 
of histamine [4]. Thus, the three major gastric acid secretagogues 
were known, but their interaction was heavily disputed during 
at least seventy years. By physiological studies using strips of 

oxyntic mucosa in Ussing chambers Rangachari made findings 
indicating that gastrin worked via histamine [5], and Swedish 
authors studying gastric acid secretion in isolated oxyntic glands 
and isolated parietal cells indirectly by consumption of oxygen 
or accumulation of the weak base aminopyrine, could not find 
any effect of gastrin in contrast to the two other secretagogues 
[6]. With the completely isolated rat stomach model we showed 
that maximal gastrin-stimulated acid secretion was inferior 
to that of maximal histamine-stimulated [7] and that gastrin 
released histamine [8] in quantities sufficient to explain its acid 
stimulatory effect [9].

The cell producing and releasing the histamine taking part 
in the regulation of acid secretion was disputed for many years. 
The mast cell was believed to be the actual cell although it had 
no fixed localization with respect to the parietal cells or oxyntic 
glands. In the late sixties Håkanson et al. described the ECL cell as 
a histamine producing cell in the rat [10], but the ECL cell was not 
accepted as the cell producing the histamine taking part in the 
stimulation of acid secretion in man and other species before the 
middle of the eighties [11]. The ECL cell reaches the parietal cell 
by elongations resembling neurons [12], and the ECL cell and not 
the parietal cell expresses the gastrin receptor [13].

Before the recognition of Helicobacter pylori as the main 
cause of peptic ulcer, compounds inhibiting gastric acid secretion 
were sought to treat patients with peptic ulcer. Anticholinergic 
drugs had some effect, but due to side effects did not become 
popular. The first drug with sufficient efficacy and specificity in 
inhibiting gastric acid secretion and thus treatment of peptic ulcer 
was the histamine-2 blocker cimetidine [14]. New histamine-2 
blockers with increased potency were developed and commonly 
used until the introduction of the first proton pump inhibitor 
(PPI), omeprazole in the late eighties. PPIs bind covalently to 
the proton pump, the final step in acid secretion, and thus blocks 
acid secretion independently of the way of stimulation [15]. The 
PPIs had an unprecedent ability to reduce acid secretion and heal 
lesions due to gastric acidity, and therefore became very popular 
and soon replaced older less efficient drugs. Since peptic ulcer 
disease can be cured by Helicobacter pylori eradication, reflux 
oesophagitis became the main indication for PPI use. However, 
not only those with oesophagitis, but also patients with acid 
regurgitation without oesophagitis experienced symptomatic 
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relief with the use of PPIs, and PPI use thus become prevalent. 
For some reason or the other, gastro-oesophageal reflux disease 
seems to have increased in prevalence during the last decades. 
Moreover, patients with functional dyspepsia are claimed to have 
a symptomatic effect by PPI treatment [16], further increasing 
the number of subjects using PPI [17].

PPIs have few side effects directly related to the compound 
itself. The problems with PPIs use are related to their biological 
function; profound acid inhibition resulting in reduced gastric 
acidity leading to loss of the ability to kill swallowed micro-
organisms and the secondary hypergastrinemia in an in vain 
response to restore gastric acidity. Only in the recent years there 
have been some concern related to the loss of the biological activity 
of the gastric juice leading to change in enteral microbiome [18], 
although we had described increased susceptibility for prion 
disease in mice dosed with inhibitors of gastric acid secretion 
many years ago [19,20]. The role of the gut as entrance for 
micro-organisms has probably been underestimated which is of 
concern taking into consideration the lack of knowledge of the 
cause of chronic and degenerative diseases as well as cancers 
[21]. Nevertheless, in this short review I will concentrate on the 
problems/danger with hypergastrinemia.

Gastrin not only stimulates function of the ECL cell (synthesis 
and release of histamine), but has also a specific trophic effect 
on this cell [22] resulting in hyperplasia [23]. The ECL cell 
hyperplasia causes increased gastrin-stimulated histamine 
release [24] which will increase gastrin-stimulated acid secretion 
leading to rebound acid hypersecretion [25]. In normal subjects 
PPI dosing for some weeks resulted in dyspeptic symptoms 
from one week after stopping PPI dosing [26] showing that the 
ECL hyperplasia lasted longer than the acid inhibitory effect of 
PPI. The problem in termination with PPI treatment when first 
started may be due to such a mechanism [27].

The consequence of the trophic effect of gastrin due to 
PPI induced hypoacidity was realized at an early phase in the 
development of the first PPI, omeprazole, by the occurrence of 
ECL cell derived tumours in the oxyntic mucosa of rats dosed 
long-term with omeprazole [28]. Later ECL cell derived tumours 
induced by hypergastrinemia have been described in different 
rodent species [29-31]. Also in man, but naturally after a longer 
period of hypergastrinemia, ECL cell derived tumours of type 
neuroendocrine tumours (NETs), have been described [32-34]. 
Furthermore, gastric carcinoma related to PPI use has been 
described [35], and in a case-control study patients continuing 
with PPI after Helicobacter pylori eradication resulted in gastric 
cancer more often than in those not using PPI [36], and in a 
population based cohort study significantly more gastric cancers 
occurred in a group of PPI users compared with histamine-2 
blocker users [37]. Also, meta-analysis has shown increased 
occurrence of gastric cancer in PPI users [38]. There are many 
other papers showing or indicating increased prevalence of 
gastric cancers in PPI users. Thus, it can be no doubt that PPIs 
predispose to gastric cancer. The magnitude of the increased 
cancer risk due to PPI is presently thought to be low and in a 
recent paper it was concluded that the administration of PPIs 
to patients with functional dyspepsia was worth the risk of 
developing gastric cancer [39]. It has, however, to be remembered 

that carcinogenesis often can be a slow process as reflected in 
gastric cancer which usually is a disease of old age. There is 
therefore every reason to fear that more cases of gastric cancer 
due to PPI will occur.

The role of the ECL cell in gastric carcinogenesis has hitherto 
been underestimated. We found ECL cell/neuroendocrine 
differentiation in gastric carcinoma cells many years ago [40-
42] and also showed expression of the gastrin receptor on 
these cancer cells [43]. Moreover, the PAS positive material 
in cancer cells in signet ring cell carcinomas, believed to be 
mucin, was negative for mucin both by immunohistochemistry 
and in-situ hybridization [44]. Therefore, we have argued for a 
reclassification of gastric carcinomas of diffuse type according 
to Lauren [45] from adenocarcinomas to neuroendocrine 
carcinomas [46].

The interaction between PPI use and Helicobacter pylori 
infection is important. Thus, it was rather early recognized 
that PPI use in patients with Helicobacter pylori gastritis 
could increase the inflammation [47]. Moreover, in spite of 
tremendous work during thirty years, no Helicobacter pylori 
factor responsible for the carcinogenic effect has been found. It 
was thus very important when it was shown that Helicobacter 
pylori gastritis predisposed to gastric cancer only after having 
induced oxyntic atrophy [48]. On this background we have for 
years claimed that the carcinogenesis by Helicobacter pylori 
was due to hypergastrinemia secondary to reduced gastric 
acidity [49,50]. This mechanism also explains why patients 
having had eradication of Helicobacter pylori or having lost the 
infection due to anacidity may develop gastric cancer many years 
afterwards [51]. The practical consequences of these facts are 
that patients starting with long-term PPI treatment should be 
tested for Helicobacter pylori and have eradication if possible. 
Furthermore, patients having had Helicobacter pylori infection 
are probably more at risk of gastric cancer due to PPI [36]. In 
the future, when a specific and efficient gastrin antagonist like 
netazepide [52,53] becomes commercially available, cancer may 
probably be prevented by such agents when used in those at 
highest risk.

In conclusion, PPI use may induce gastric cancers occurring 
in the oxyntic mucosa being of the relatively benign NET type, but 
also neuroendocrine carcinomas. Since carcinogenesis takes long 
time, there is every reason to fear that the prevalence of these 
cancers will increase. The biological consequences of taking away 
the function of gastric juice with respect to infections via the gut 
remains to be seen.
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