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Abstract
Western countries are seeing a constant decline in the incidence of Helicobacter pylori-associated gastritis, coupled with a rising epidemiological and clinical impact of autoimmune gastritis. This latter gastropathy is due to autoimmune aggression targeting parietal cells through a complex interaction of auto-antibodies against the parietal cell proton pump and intrinsic factor, and sensitized T cells. Given the specific target of this aggression, autoimmune gastritis is typically restricted to the gastric corpus-fundus mucosa. In advanced cases, the oxyntic epithelia are replaced by atrophic (and metaplastic) mucosa, creating the phenotypic background in which both gastric neuroendocrine tumors and (intestinal-type) adenocarcinomas may develop. Despite improvements in our understanding of the phenotypic changes or cascades occurring in this autoimmune setting, no reliable biomarkers are available for identifying patients at higher risk of developing a gastric neoplasm. The standardization of autoimmune gastritis histology reports and classifications in diagnostic practice is a prerequisite for implementing definitive secondary prevention strategies based on multidisciplinary diagnostic approaches integrating endoscopy, serology, histology and molecular profiling.
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Core tip: Autoimmune gastritis (AIG) is an emerging gastropathy with a significant epidemiological and clinical impact on Western populations. Despite a better understanding of the phenotypic changes or cascades occurring in this autoimmune setting, the etiopathogenic mechanisms behind the disease are still poorly understood, histology reporting is not standardized, and both the AIG-associated cancer risk and its secondary prevention strategies remain confusing.
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INTRODUCTION

The clinical relationship between gastric inflammatory diseases and pernicious anemia was foreseen early in the last century. In 1935, in “Gastritis and its consequences”, Knud Faber wrote: “… many observations agree with the hypothesis of gastritis as the cause of the anacidity, which is generally found in patients with pernicious anaemia. All these problems that are associated with pernicious anaemia, and the other forms of anaemia we find in patients with anacidity, must for the moment be approached with a certain going. …. It is not improbable that similar conditions as in pernicious anaemia are to be regarded as the cause of simple microcytic anacid anaemia….. In 1913, I mentioned a typical case of this disease (i.e., pernicious anemia) where the microscopical examination post mortem showed a diffuse follicular gastritis”[1]. In 1935, all that was known about the bacterium now called Helicobacter pylori (H. pylori, Hp) came from Bizzozero’s microscopic observations in the stomach of dogs[2], but it is safe to assume that most, if not all of Faber’s patients had Hp-associated gastritis.
In Western populations the declining incidence of infectious diseases coincides with an increasing prevalence of autoimmune conditions[3-5]. This situation also applies to the gastric setting, where the declining incidence/prevalence of Hp infection (in the West, at least) parallels a rising clinical impact of autoimmune gastritis (AIG)[6].

While the natural history of AIG is generally well defined, several crucial aspects of this condition remain unclear: the pathogenesis of autoimmune aggression is poorly understood, the clinical course of the disease in individual patients is difficult to predict, and no specific therapy is available[7].

Regarding the pathogenesis of the autoimmune response, two - not necessarily exclusive - models have been proposed. In one, considered most likely to be seen in areas where the prevalence of Hp infection is high, immune responses mounted against Hp antigens start cross-reacting with antigens that may be within the proton pump proteins or produced by the host’s gastric mucosa (the intrinsic factor). This leads to a cascade of cellular responses that damage and eventually destroy the oxyntic mucosa, which stops producing acid and thus becomes both functionally and morphologically atrophic. In the second model these same events would occur irrespective of any presence of Hp infection, as a “primary” or “pure” autoimmune disorder[8].

From the clinical point of view, in addition to an impaired absorption of vitamin B12, which eventually results in the clinical picture of pernicious anemia, AIG has been associated with an increased risk of two different neoplastic diseases: gastric neuroendocrine tumors (NETs; previously referred as gastric carcinoids), and adenocarcinoma[9].
This review focuses on how and when pathologists can contribute to a multidisciplinary approach to the diagnosis and clinical management of patients with AIG.

EPIDEMIOLOGY
Several studies suggest that AIG is underdiagnosed. Pernicious anemia - the most readily recognizable clinical sign of AIG - is only seen in advanced disease, and microcytic anemia (possibly an earlier sign of gastric autoimmunity) is frequently treated without thoroughly investigating its underlying cause[10]. 
AIG is more common in women and older people. In the general population, its prevalence has been estimated to vary between 2% and 5%, but - for the reasons outlined above - these estimates may be largely biased by the epidemiological context, comorbidities and patient selection[10]. AIG has traditionally been associated with Northern European descent, but recent studies do not support such a racial clustering. In the US, for instance, a higher prevalence of pernicious anemia has been observed among African American and Hispanic women, and an earlier age of onset has been reported in these ethnic groups too[6]. In short, the available data do not provide solid information on the incidence/prevalence of AIG in the general populations of different countries[11].
CLINICAL PRESENTATION
The clinical presentation of AIG is not associated with any specific gastrointestinal signs or symptoms[12]. In a recent study, Miceli et al[13] examined the clinical and pathological features leading to a diagnosis of AIG in 99 patients: the most common initial findings were hematological disorders (various forms of anemia accounted for 37% of cases), followed by a histology positive for gastritis (34%). In less than 10% of the patients, a clinical suspicion of AIG was aroused by the concomitant presence of other autoimmune diseases, celiac disease, neurological symptoms, or a positive family history.

Microcytic anemia, the expression of iron deficiency, is a common presenting sign and is caused by achlorhydria, which impairs iron absorption[13]. In a study by Hershko et al[14], up to 30% of patients with iron-deficiency anemia and no clinical evidence of blood loss were found to have AIG. Advanced disease is clinically more obvious, when progressive parietal cell loss results in severe cobalamin deficiency and ultimately leads to macrocytic-megaloblastic anemia coexisting with neurological symptoms and atrophic glossitis[15].
The association between AIG and other autoimmune diseases is well recognized. Several reports have highlighted a significant association with type I diabetes mellitus[16]. AIG may also coexist with polyglandular autoimmune (PGA) syndromes. Pernicious anemia occurs in 10% to 15% of patients with PGA type 1 syndrome (hypo-parathyroidism, Addison's disease, diabetes mellitus, and mucocutaneous candidiasis), and in 15% of PGA type 3 patients (with diabetes mellitus, and autoimmune thyroid diseases)[17,18]. The most common association, however, is with autoimmune thyroiditis (“thyrogastric autoimmunity”): more than 50% of AIG patients have circulating anti-thyroperoxidase antibodies[10]. Significant associations have also been reported with vitiligo, alopecia, celiac disease, myasthenia gravis, and autoimmune hepatitis[17].
PATHOGENESIS
Autoimmune gastritis is the result of a complex interaction between host-related factors (genetic susceptibility) and environmental factors (both endogenous and exogenous: the so-called “exposome”[19]). The resulting immunological dysregulations involve sensitized T lymphocytes[20] and autoantibodies against the parietal cell proton pump, and intrinsic factor.
The molecular grounds for the pathogenesis of AIG, and particularly the initial events that precipitate the autoimmune response, have yet to be fully elucidated. The tissue damage results from an antibody-mediated destruction of the parietal cells due to a selective targeting of the H+/K+ ATPase proton pump. This non-self-limiting process also induces a progressive loss of zymogenic chief cells, possibly mediated by sensitized lymphocytes[21]. Eventually, the vanishing oxyntic mucosa cells are replaced by mucous cells and metaplastic glands (of both intestinal and pseudo-pyloric type). In the advanced stages of the disease, the mucosa of the gastric corpus is completely replaced by atrophic and metaplastic epithelium, with no oxyntic glands remaining, so acid production may be completely lacking.
Several studies have addressed the role of Hp infection in AIG pathogenesis, and there is solid evidence to support a mechanism of molecular mimicry between Hp antigens and the proton pump[22]. Epidemiological studies suggest that a significant number of AIG patients have had, or still have Hp infection, and anti-proton pump auto-antibodies have consistently been demonstrated in Hp-infected patients. Healthy individuals may have H+/K+ ATPase-autoreactive CD4+ve T cells that have escaped negative thymic selection. Given a particular HLA background (i.e., HLA-DR2/HLA-DR4 or HLADR4/HLADR5), Hp infection may abrogate the CD4+ve CD25+ve regulatory T cells that usually suppress the activation of autoantigen-presenting dendritic cells[23,24].
The Japanese scientific literature strongly supports the theory that AIG never occurs in the absence of a triggering Hp infection[25] (Sato, personal communication), but this conviction is at odds with the well-established evidence of AIG occurring in Hp-naïve patients too[8]. A study by Zhang et al[26] on 9684 patients (53% Hp-positive and 55% female) documented that an age-dependent prevalence of anti-parietal cell autoantibodies (APCAs) was only detectable among Hp-negative subjects. More importantly, the association observed between APCAs and atrophic gastritis was stronger among Hp-negative (OR = 11.3; 95%CI: 7-17) than among Hp-positive patients (OR = 2.6; 95%CI: 2-3).
DIAGNOSIS
Serological biopsy

The clinical value of combinations of serological tests for assessing the morphological and functional status of the gastric mucosa has been extensively addressed[6]. In AIG, the typical serological profile includes autoantibodies against intrinsic factor and parietal cells. APCA levels and hypergastrinemia correlate significantly with the inflammatory involvement of the oxyntic mucosa and serum levels of anti-intrinsic factor autoantibodies correlate with mucosal atrophy[21].
Loss of parietal cells results in significant functional changes. The higher gastric pH leads to both antral G cell hyperplasia and hypergastrinemia. The loss of chief and mucous neck cells from the oxyntic glands induces a progressive decrease in serum PgI, while the levels of PgII (sustained by the normal secretion of the unaffected antral glands) do not change significantly. This situation leads to a declining PgI/PgII ratio, which gives rise to the typical serological profile of gastric autoimmune disease (hypergastrinemia and gradually lower PgI/PgII ratios)[18-20]. Several studies have reported on the diagnostic usefulness of the Gastropanel test (Biohit Oy, Finland) in the assessment of AIG patients[27-29].

Histology

The gastric mucosa gradually reveals a spectrum of lesions ranging from minimal inflammatory disease to severe corpus-restricted atrophic gastritis[30]. Inflammation restricted to the oxyntic mucosa is generally considered the most reliable phenotypic marker of AIG, but such an unequivocal topographical picture is rare, particularly when concurrent H. pylori infection induces antral gastritis.
Long-term follow-up studies suggest that early AIG exhibits no distinctive gross changes. In the absence of Hp infection, the antral mucosa is essentially devoid of inflammation and the epithelium is either normal or shows foveolar hyperplasia ("reactive gastropathy"), probably related to the trophic effects of hypergastrinemia[31]. As the oxyntic atrophy progresses, the corpus and fundus mucosa becomes irregularly flattened. The uneven loss of oxyntic glands gives rise to a grossly pseudo-polypoid appearance, with lesions consisting of foci of spared oxyntic native mucosa amidst the atrophic areas. This macroscopic appearance emphasizes the need to obtain biopsies from both non-polypoid and polypoid mucosa during endoscopic sampling procedures.
Without wishing to oversimplify the matter, it may be useful for explanatory purposes to separate the distinctive histological features of the oxyntic mucosa in AIG into four basic, sometimes overlapping phases.

Firstly, the earliest phase features an uneven infiltration of plasma cells and lymphocytes involving the full thickness of the lamina propria, with a mainly top-down gradient. The lymphocytes may be organized in nodular or follicular structures. Eosinophils and rare neutrophils can occasionally be seen. Mononuclear cells may be found intimately connected with glandular epithelial cells (intra-epithelial mononuclear infiltrate). There may be a patchy destruction of oxyntic glands.

Secondly, in a later phase of the disease, lymphocytes and plasma cells form a dense infiltrate in the lamina propria, while atrophic glandular alterations become clearly visible. In the oxyntic tubules, the native population of parietal and chief cells alternates with a new phenotype of clear, mucosecreting epithelia, with the phenotype of antral glands (“oxyntic antralization”). This metaplastic process is known as pseudo-pyloric metaplasia, or (as more recently proposed) as spasmolytic polypeptide-expressing metaplasia (SPEM). The etiological specificity of these metaplastic cells is questioned. It has been suggested that they may be pathogenically linked to any longstanding oxyntic inflammation; and this interpretation is consistent with their occurrence in inflammatory gastric polyps and Crohn-associated gastritis. On the other hand, recent experimental studies suggest that SPEM may also result from toxic damage to parietal cells (caused, for example, by DMP-777, an elastase inhibitor that ablates parietal cells without eliciting an inflammatory response)[32]. It has been demonstrated that parietal cell disruption also results in the dysregulation of parietal cell-derived signaling molecules involved in the proper differentiation of zymogen-secreting chief cells[33]. Whatever its pathogenic pathway, this SPEM population is believed to derive either from the transdifferentiation of mature chief cells[34], or from progenitor cells in the neck of the oxyntic glands[32]. SPEM cells are characterized by newly-expressed immunohistochemical markers, such as HE4 and Tff2, neither of which are expressed in native oxyntic glands. On the other hand, the original oxyntic commitment of pseudopyloric metaplastic epithelia may be disclosed by their chimeric expression of PgI, as documented by immunohistochemistry.

Thirdly, gastric gland intestinalization may develop in native oxyntic glands, or it may follow after an earlier pseudopyloric transformation. This last hypothesis relies on the immunohistochemical neo-expression of HE4 in both SPEM and intestinalized glands[35,36]. According to Goldenring[36], SPEM progression to intestinal metaplasia probably gives rise to a hyperproliferative state prone to genetic instability, potentially leading to gastric malignancy.
Lastly, advanced AIG is characterized by a marked reduction or complete absence of oxyntic glandular units (oxyntic mucosa atrophy), which are replaced by fibrosis of the lamina propria (“oxyntic mucosa desertification”), and pseudo-pyloric and intestinalized metaplastic glands. Other common features include hyperplasia of the muscularis mucosae, oxyntic pseudo-polyps, hyperplastic or inflammatory polyps, and enterochromaffin-like (ECL) cell hyperplasia. As the target of the autoimmune reaction gradually disappears, the inflammatory component becomes less prominent.
As expected, in cases of concurrent Hp infection, the antral mucosa may feature the classic spectrum of Hp-related lesions. In such cases, AIG can only be diagnosed on the strength of its specific serological profile (anti-parietal cell and anti-intrinsic factor autoantibodies)[6].
THE ELEMENTARY LESIONS OF AIG
Mucosal atrophy

Gastric mucosal atrophy, defined as the loss of “appropriate” glands, may occur in two different, usually coexisting forms. In one, the disappearing glandular units are replaced by fibrotic expansion of the lamina propria, resulting in a reduced glandular mass with no change in the native glandular phenotype. In the other form, native glands are replaced by metaplastic glands featuring a new commitment[37,38]. Metaplastic atrophy does not necessarily imply a numerical reduction in the number of the glandular units, but the metaplastic replacement of native glands ultimately results in a declining population of glandular structures “appropriate” to the compartment concerned. The progressive replacement of functionally-specialized native glands with non-functioning fibrotic tissue or metaplastic cells results in the loss of the specialized functions of the oxyntic mucosa, the most evident of which is acid production.
Within the oxyntic mucosa, there may be both pseudo-pyloric metaplasia and intestinal metaplasia (IM). A third variant, pancreatic acinic cell metaplasia, may also occur. Its detection in the oxyntic mucosa of gastritis patients “should inject a strong suspicion for an autoimmune pathogenesis”, but its clinical impact seems to be negligible [38].
IM is defined as the replacement of glandular or foveolar epithelium by intestinal-type epithelium. In AIG, IM arises in previously-antralized oxyntic glands (i.e., from pseudo-pyloric metaplasia). Based on its histological features on hematoxylin and eosin staining, IM has been divided into two main subtypes: small-intestinal and colonic. Histochemical methods [staining mucins with high-iron diamine (HID)] help to distinguish Type I (incomplete, or small-intestinal type) IM from Types II and III (complete, or colonic-type), depending on the acidity of the mucus and the morphology of the mucosecreting epithelia. Type III features sulfomucins in the columnar epithelium and is generally regarded as the IM subtype associated with the highest risk of neoplastic transformation[39]. Intestinalization of the gastric glands parallels the induction of the intestinal transcription factor Cdx2, which results in both MUC2 upregulation, and a decreased expression of MUC5AC[40]. 
Neuroendocrine cell hyperplasia

The gastric hypochlorhydia or achlorhydria associated with advanced AIG stimulates sustained gastrin secretion by the antral G cells, and the resulting hypergastrinemia triggers ECL cell proliferation. ECL cells are involved in the synthesis of the molecules responsible for histamine processing [histidine decarboxylase, and vesicular monoamine transporter type 2 (VMAT2)], and possibly for histamine secretion, which in turn stimulates acid secretion from adjacent parietal cells[6,12]. 
In advanced AIG, ECL cells may feature a broad spectrum of changes, ranging from “true” hyperplasia to endocrine neoplasia.

The earliest lesion is linear ECL cell hyperplasia, conventionally described as a set of five adjacent chromogranin-expressing ECL cells lining the glandular neck region. ECL cell hyperplasia is also known to develop from the hypergastrinemia caused by the long-term administration of proton pump inhibitors (PPIs), although the use of PPIs has not been associated with gastric neuroendocrine tumors (NETs)[41]. The term “micronodular hyperplasia” is applied to more advanced lesions that form clusters of neuroendocrine cells (not exceeding the diameter of a gastric gland, i.e., < 150 µm) surrounded by basement membrane. Five or more clusters of micronodules are defined as adenomatoid hyperplasia, a confusing term rarely used in practice[6].
ECL cell dysplasia refers to individual nodules (larger than 150 μm in diameter) with no evidence of basal membrane. Dysplastic nodules may progress to microinvasive microtumors infiltrating the lamina propria, associated with perinodular fibroplasia. The factors that may contribute to neoplastic progression include mutations in the MEN1 or REG genes, which provide a negative feedback for gastrin secretion[42].
It has been demonstrated in a transgenic mouse model that, under certain conditions, progenitor cells of the oxyntic glands may give rise to a cell population characterized by the loss of native parietal cells marker (i.e., H/K-ATPase) expression, the neo-expression of neuroendocrine antigens (chromogranin A), and a phenotype on electron microscopy consistent with entero-endocrine cells[43]. These findings may point to a possible morphogenetic pathway for neuroendocrine tumors associated with AIG.
Neuroendocrine tumors

Micro endocrine tumors (i.e., micro carcinoids) are nodules of ECL cells (ranging from 0.5–5 mm in diameter) that escape detection at endoscopy. When the diameter of these neuroendocrine proliferations exceeds 5 mm, they become endoscopically detectable and are histologically categorized as NETs.
Gastric NETs are relatively rare, with an annual incidence between 0.4% and 2%. Amongst all NETs, the US SEER database has demonstrated a rising incidence of gastric NETs: from 2.2% between 1950 and 1969 to 6.0% between 2000 and 2007. They account for 0.6%-2% of all gastric polyps identified at endoscopy[44]. The rising incidence/prevalence of gastric NETs may be due to the increasing number of endoscopy procedures performed in AIG patients, and to a greater capacity to recognize these tumors.

Three different types of gastric NET have been described: (1) NETs arising in corpus-predominant atrophic gastritis (Type 1); (2) NETs associated with gastrinoma and MEN-1 syndrome (Type 2; due to inactivating mutations in the MEN1 and REG genes, which provide a negative feedback for gastrin secretion[15]); and (3) sporadic NETs (Type 3).
AIG-related NETs (i.e., Type 1 NETs) account for 70% to 80% of all gastric neoplasms deriving from ECL cells. Type I carcinoids are significantly associated with pernicious anemia: a 13-fold higher risk of AIG-related NETs emerged among 4000 Swedish patients with pernicious anemia[45].
These tumors are often multiple, small (< 1 cm in diameter), with the endoscopic appearance of a sessile polyp in the oxyntic mucosa. Clinically, they are rather indolent and functionally “mute”, and the prevalence of regional nodal metastases is less than 5%. These tumors are mostly restricted to the mucosa or submucosa and consist of well-differentiated monotonous cells, with a weak proliferative activity. Because of their peculiar phenotype/immuno-phenotype, their consistent expression of neuroendocrine markers (i.e., chromogranin, synaptophysin, and CD56), and their clinical-pathological setting, gastric NETs are usually easy to diagnose. Mib1 staining is needed to identify proliferating cells and establish the tumor’s grade (which can be done by using the Mib1 labeling index or the mitotic count)[46].
The overall survival rate for patients with gastric NETs is similar to that of the general population, i.e., 95% at 5 years and 74% at 10 years[46].
Although the WHO recommends avoiding the historically-used term “carcinoid”, which should only be applied to the clinical syndrome, well-differentiated gastric NETs are still commonly referred to as carcinoids.

Oxyntic pseudo-polyps

Against a background of atrophic AIG, the remnants of unaffected oxyntic mucosa may have the endoscopic features of pseudo-polypoid lesions. These areas are endoscopically similar to their intestinal counterparts in inflammatory bowel diseases. Histologically, they consist of oxyntic mucosa spared by the atrophic and metaplastic process, but often showing moderate chronic inflammation.

Hyperplastic polyps

Hyperplastic polyps are meta-inflammatory proliferations of the gastric foveolar cells. They are characterized by elongated, branching, and dilated hyperplastic foveolae lying in an edematous, hypervascular, inflammatory stroma. Superficial erosions are common, and result in chronic blood loss, further contributing to these patients’ iron-deficiency anemia. While hyperplastic polyps arising in patients with AIG are morphologically similar to those encountered in other types of gastritis, they more often tend to be proximally located and multiple.
Pyloric gland adenoma

Pyloric gland adenomas are relatively rare tumors, usually occurring in females and AIG patients[3]. Pyloric gland adenoma prevails mainly among AIG patients (51% of a German cohort of 373 patients, and 77% of a series of 189 patients in the US). The most common site of the lesion was the oxyntic mucosa (54%), followed by the cardia region (17%) and gastric bulb (8%)[47].
Pyloric gland adenoma consists of closely-packed pyloric-type glands, lined with cubic or columnar mucus-secreting cells that express both MUC6 and concavalin A. Although the adenomatous cell population is bland, dysplasia may occur, and there have been reports of progression to pyloric-type gastric adenocarcinoma[48-50].
Gastric adenocarcinoma

Longstanding atrophic AIG is considered a precancerous condition[41]. In a Swedish cohort of 4000 patients with pernicious anemia, a 20-year follow-up documented a three-fold risk of gastric cancer[45]. The most important risk factors include clinical evidence of pernicious anemia, severity of atrophy, the presence of intestinal metaplasia, the duration of the disease, and age over 50 years[9].
In a T-cell receptor transgenic mouse model, Nguyen et al[51] recently demonstrated that an immunological attack against a peptide from the parietal cell antigen H/K ATPase may result in the whole spectrum of histological lesions associated with AIG. By 2-4 mo of age, these transgenic mice develop severe oxyntic atrophic/metaplastic lesions (including SPEM), higher levels of mRNA for cancer biomarkers (HE4, OLFM4, TFF2) and of phosphorylated STAT3, and high-grade intra-epithelial neoplasia.
Few studies have addressed the difference in the cancer risk between Hp-associated (i.e., “secondary”) AIG and “primary” AIG. This is not surprising, given the difficulty of reliably distinguishing between the two. While some studies suggested a higher cancer risk associated with corpus gastritis, they all contained significant confounding factors. For instance: (1) most of them involved patients with concomitant/previous Hp infection; (2) the atrophic/metaplastic lesions in the antrum and corpus mucosa were not scored separately; and (3) the prevalence of concomitant autoimmunity was not explored. The gastric cancer risk associated with “primary” as opposed to “secondary” AIG consequently remains unknown[52,53].
THE PATHOLOGIST’S ROLE IN ASSESSING AIG: THE DIAGNOSTIC IMPACT OF BIOPSY MAPPING
The definitive diagnosis of AIG results mainly from a combination of clinical findings (hematological profile, anti-parietal cell antibodies, serum gastrin), and histology (Figure 1). For cases with a presumptive diagnosis of AIG, the histological assessment demands a topographically defined biopsy sampling procedure that is uncommonly performed in most practices, where one or two antral specimens are often all that is taken. Pathologists are therefore rarely provided with an optimal set of samples for the purpose of even suggesting a diagnosis of AIG.
The assessment of a case relies on effective communications between gastroenterologist and pathologist. Whenever significant inflammation, atrophy, or metaplasia are detected in the oxyntic samples in a representative gastric biopsy set, and the antral mucosa only shows minimal or reactive changes, it is incumbent on the histopathologist to report a strong suspicion of an autoimmune component, even in the absence of other clinical information to support this impression.
Early AIG is essentially impossible to diagnose and even difficult to suspect. According to the Sydney system, the diagnosis of gastritis should be based on the separate assessment of at least three samples from the antrum (including the incisura angularis), and two from the gastric body; and any focal lesions should be biopsied too[54,55]. When such topographically well-defined samples are available, the presence of chronic gastritis with minimal or no active inflammation in the corpus, and a relatively normal antral mucosa in the absence of Hp infection should elicit the suspicion of an early autoimmune phenomenon.
A histological underestimation of AIG may stem from three (possibly concurrent) technical situations: (1) inconsistencies in the number of biopsy samples available (e.g., only 2 specimens, 1 of antral and the other of oxyntic mucosa); (2) inconsistent mapping of the gastric mucosa (e.g., four biopsy samples, all from the antrum); and (3) inappropriate sample submission procedures (e.g., biopsy samples obtained from different sites, but all submitted in the same vial). Metaplastic changes can affect the oxyntic mucosa (i.e., pseudo-pyloric metaplasia), so biopsy samples obtained from the corpus and fundus may be misinterpreted as coming from a naturally mucosecreting (antral) mucosa. Hence the need to submit two biopsy samples from the oxyntic mucosa, two from the antrum and one from the angularis mucosa, all in different vials. In exceptional cases, the immunohistochemical detection of the chimeric expression of PgI, and the rarity/absence of G cells may nonetheless support the oxyntic origin of a biopsy sample[54,55].
A schematic representation of the main diagnostic scenarios occurring in AIG histopathology is shown in Figure 2.
THE PATHOLOGIST’S ROLE IN SECONDARY PREVENTION STRATEGIES
Both pernicious anemia and atrophic gastritis are considered precancerous conditions[56]: the real GC risk associated with AIG is still debated, and concomitant risk factors (particularly Hp infection) are believed to act as cancer co-promoters, significantly increasing the magnitude of the basic risk associated with a pure autoimmune etiology. Based on this rationale, AIG patients are eligible for GC secondary prevention strategies. No evidence-based protocols are currently available, however, for stratifying AIG patients in different risk classes.
The American Society for Gastrointestinal Endoscopy 2006 guidelines for endoscopy of premalignant conditions recommend a single endoscopic assessment to identify neoplastic lesions, but no routine follow-up surveillance[8,57]. 
The European MAPS (Management of Precancerous Conditions and Lesions in the Stomach) guidelines recommend a 3-yearly endoscopic and bioptic follow-up for all patients with “extensive atrophy or intestinal metaplasia”[58]. This recommendation is based on solid evidence of the risk of cancer developing in parallel with the extent of mucosal atrophy[37]. It is important to bear in mind, however, that the greater risk associated with concomitant Hp infection has not been separately weighted.
A more objective and consistent assessment of the extent and location of atrophy has been achieved by replacing the descriptive histology report with a staging approach. The OLGA (Operative Link for Gastritis Assessment) staging system ranks gastritis in different classes of cancer risk. As in Hp infection, so too in the autoimmune setting, OLGA stages III–IV have been significantly associated with a higher GC risk[36]. In a retrospective, single-institution study on a consecutive series of 562 AIG biopsy sets, low atrophy stages clearly prevailed (91.8%), and incidental gastric neoplasia (both intra-epithelial and invasive) only occurred in high-risk stages (III-IV) when atrophy involved the antral mucosa as well, and was associated with Hp infection[8]. As expected, when gastritis stage was matched with endocrine cell hyperplasia/neoplasia (linear and micronodular hyperplasia and Type I NETs) the vast majority of the hyperplastic/neoplastic cases were in the most advanced stages (III-IV) of gastritis[8].
Another gastritis staging system derived from OLGA, called OLGIM, relies on the histological scoring of IM alone. Because it excludes both non-metaplastic atrophy and pseudo-pyloric metaplasia from the atrophy score, the OLGIM disregards the atrophy phenotypes specifically occurring in AIG, and this results in a down-staging of AIG patients who would be considered at high risk if a global atrophy score were applied[8,59,60]. The OLGIM may therefore be less than optimal for assessing the risk of gastric cancer in AIG.
Despite the widespread availability of functional serological tests (PgI, PgII, and gastric 17, as stand-alone tests or integrated in a panel (Gastropanel, Biohit), serology is still notably absent from the international recommendations on the initial assessment and clinical monitoring of AIG. Pepsinogens and the pepsinogen ratio have been extensively validated as reliable markers of atrophy, and their low cost, accessibility, and high negative predictive value could be usefully exploited in the AIG setting. Pepsinogen I is consistently considered a surrogate for loss of zymogenic chief cells from the oxyntic mucosa, but large studies are now available that have correlated the organic with the functional disease in AIG. Low PgI levels (particularly with a low PgI/PgII ratio) are consistently associated with oxyntic atrophy. Gastrin 17 is an elective marker of proton pump efficiency and is considered a reliable marker of oxyntic atrophy.
CONCLUSION
There are gaps in the information available on the epidemiology of gastric autoimmunity, and the incidence of AIG is probably underestimated. Secondary autoimmune gastric disease may be triggered by longstanding Hp infection, but “primary” autoimmune gastritis exists as a separate clinical entity as well. The clinical signs of AIG include a broad spectrum of non-hematological and hematological disorders, but megaloblastic anemia is mostly associated with advanced gastric disease.
From a clinical viewpoint, AIG can be diagnosed reliably by means of: (1) specific autoantibody assays (anti-parietal cells, and anti-intrinsic factor autoantibodies); (2) functional serology of the gastric mucosa (PgI/PgII ratio, gastrin 17); and (3) histology (applying a standard diagnostic biopsy sampling protocol).

There is clear evidence of a link between longstanding AIG and a spectrum of ECL cell changes ranging from hyperplastic to neoplastic lesions (gastric NETs).

The magnitude of the AIG-associated GC risk probably differs in “primary” vs Hp-associated, “secondary” autoimmune disease (and is presumably higher in the latter, but also in advanced “primary” AIG). Both gastric “functional serology” and histological staging are reliable in monitoring disease progression, and for stratifying patients in different prognostic classes.
No comprehensive molecular profiling is available for AIG, and no differential molecular profiling is capable of distinguishing primary from secondary autoimmune gastritis. In clinical practice, such information could make AIG assessment and prognostication more reliable, as well as supporting the rationale for biologically-targeted therapies.
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Figure 1 Helicobacter-pylori-related vs autoimmune gastritis. Main differences in clinical presentation, serology (immunological and functional profiles), pathology, and neoplastic risk.
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Figure 2 Schematic representation of the main diagnostic histological pictures seen in autoimmune gastritis. Metaplastic changes in the antrum and corpus are staged using the OLGA system. IHC: Immunohistochemistry; ECL: Enterochromaffin-like; IEN: Intraepithelial neoplasia; LG-IEN: Low-grade IEN; HG-IEN: High-grade IEN; GC: Gastric carcinoma.
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