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Abstract
AIM: To investigate the nature and origin of cardiac mucosa (CM).

METHODS: Biopsy samples from sixty-one individuals were included in this study. The specimens were taken “at” or “just below” or “just above” the gastroesophageal junction (GEJ) including the histologic squamocolumnar junction (SCJ). Clinical data were obtained reviewing electronic medical records for each patient. Any patients with history of stomach adenoma or carcinoma and esophageal carcinoma were excluded and cases which are endoscopically suspicious of Barrett’s esophagus or a polyp were also ruled out. Histologic and endoscopic review were performed blinded to patient’s clinical data. Histologic evaluation was done by two pathologists and endoscopic review was performed by a endoscopist who has a wide experience in the field. Histologically, the columnar epithelium of SCJ, presence and severity of acute and chronic inflammation, atrophy, intestinal metaplasia, and presence of carditis were evaluated. Endoscopically, reflux esophagitis by Los Angeles (LA) calssification, hiatal hernia by Hill grade and gastroesophageal flap valve were assessed. 

RESULTS: Fifty nine patients (96.7%) were Korean. And 65.6% (40 cases out of 31 cases) patients of our study got endoscopy according to the schedule of national health insurance program as a screening inspection. Of these, only 20.0% (8 cases out of 40 cases) had any reflux symtoms. The CM was present in 41 (67.2%) individuals. And its presence was associated with older age compared to oxyntocardiac mucosa/oxyntic mucosa (60.59 ± 2.017 years and 51.55 ± 3.353 years, respectively, P = 0.018). The presence of CM was associated with endoscopic diagnosis of esophagitis according to the Los LA classification (P = 0.022). The CM was associated with mononuclear cell infiltration and neutrophilic infiltration, which were statistically significant (P = 0.001, and P = 0.004, respectively). The inflammation of CM, “carditis” showed statistically significant association with endoscopic diagnosis of reflux esophagitis according to the LA classification (P = 0.008). 

CONCLUSION: The CM at the GEJ is a common histologic finding in biopsy specimens, although not always present and associated with gastroesophageal reflux disease and severity of carditis. 
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INTRODUCTION
The incidence of gastroesophageal reflux disease (GERD) and gastroesophageal junction (GEJ) adenocarcinomas is increasing worldwide, especially in Asia[1,2], although prevalence is still lower than that in the US and Europe. The existence and origin of cardiac mucosa (CM) at the GEJ is one of the most hotly debated topics among gastroenterologists and pathologists. There are two main opinions about the nature and the origin of the CM at the GEJ: one is that cardia and CM are a normal finding[3-5], and the other is that CM is not a normal mucosa but rather a metaplastic response to reflux stimuli[6-10]. In our previous study, we suggested that CM originated from the distal esophagus and the presence of CM is a marker of GERD in esophagectomy specimens in the Korean population[11]. In general, distal esophageal squamous epithelium, which cannot tolerate the acidic proteolytic environment, is consistently exposed to reflux damage during the lifetime[12]. The esophagus adapts to the reflux stimuli by metaplasia, converting into columnar epithelium. Furthermore, there are reports suggesting there is an association between CM and GERD[6,10,13] and still others showing different results associating carditis (inflammation of CM) and GERD[14-16]. Recently, the prospective histoGERD trial[17], which analyzed biopsy specimens, revealed that the presence of CM is associated with symptoms and histologic changes of GERD and endoscopic diagnosis of esophagitis. However, most of these data were from Western countries where there is a high prevalence of GERD. With this background, we investigated the histopathologic nature of GEJ and CM in a single institution. Our data suggest that CM is an indicator of GERD.


MATERIALS AND METHODS
Patients and tissue selection
The tissue samples of GEJ were obtained by endoscopic biopsy carried out at the Pusan National University Hospital (PNUH), Korea, from 2011 to June of 2014. To select the specimens from GEJs, a statistics program in electronic medical record system of PNUH was used. First, using the searching phrase “gastroesophageal junction”, we identified 345 applicable cases. Sixteen cases were excluded from the analysis, because they had a history of esophageal cancer, stomach cancer, or stomach adenoma. The endoscopic findings were reviewed to precisely select cases in which samples were obtained only “at” or “just below” or “just above” the GEJ and to exclude cases that were clinically polyp lesions. This resulted in an additional 35 cases being excluded. And 13 cases suspicious of Barret’s esophagus endoscopically were also excluded. Finally, the histologic features were reviewed by 2 pathologists. Only samples containing histological squamocolumnar junctions (SCJs) were included; thus, an additional 174 cases were excluded. Cases with only surface epithelium without a glandular portion were excluded, and samples with marked acute inflammation or ulcer were also excluded. Thus, the final study cohort consisted of 61 individuals (see Figure 1) with biopsy samples obtained from the GEJ with histologic SCJ and proper amounts of glandular component.

Assessment by endoscopy
All endoscopists had wide experience in the field. The esophagus, GEJ, and stomach of all patients were examined. For endoscopy, a single channel endoscope (GIF-H260 o GIF-Q260; Olympus Co. Ltd., Tokyo, Japan) was used. A highly experienced endoscopist, performing over 500 endoscopies per year for over a decade, reviewed all photographs captured during the endoscopy. In addition, the endoscopist was blind to the clinical and histologic data. The presence or absence of reflux esophagitis and hiatal hernia was evaluated, and the gastroesophageal flap valve (GEFV), which reflects reflux, was graded retrospectively according to the criteria indicated below.
The GEJ was defined as the oral side end of the fold, which is present continuously from the gastric lumen[18], as well as the end of the anal side of the fine longitudinal vessel, because the veins in the lower part of the esophagus were distributed uniformly, running parallel and longitudinally in the lamina propria[19,20].

Reflux esophagitis
If esophagitis was present, it was graded according to the Los Angeles (LA) classification[21,22], which focuses not only on the extent of mucosal breaks but also on minimal changes (see Figure 2). All categories but 0, by the LA classification, were considered to have reflux esophagitis.

Hiatal hernia
Hiatal hernia was defined as a circular extension of the gastric mucosa above the diaphragmatic hiatus greater than 2 cm in the axial length[23].

GEFV
The GEJ was viewed using a retroflexed endoscope during gastric inflation and GEFV was graded by the recently described grading system by Hill et al.[24] The GEFV is largely classified into 2 groups: the normal appearance (grade I and II) group and the reflux appearance (grade III and IV) group.

Histologic assessment
All samples were fixed in 10% buffered formalin, embedded in paraffin, cut at a minimum of 4 levels, and stained with hematoxylin and eosin (HE) stain. All biopsy samples were assessed by two pathologists who were blinded to clinical data and endoscopic findings. The columnar epithelium of the SCJ was classified according to the type of glandular component present (see Figure 3) as follows: (1) oxyntic mucosa (OM); (2) oxyntocardiac mucosa (OCM); or (3) CM (see Figure 3). The presence and severity of inflammation, atrophy and intestinal metaplasia were evaluated based on the updated Sydney system for evaluation of gastritis[25]. Cardiac mucosal inflammation (carditis) was defined by the presence of neutrophils in the lamina propria or glands (mild or more than mild infiltration of neutrophils by Sydney classification), or the presence of plasma cells, lymphocytes, and eosinophils in the lamina propria (moderate or more than moderate infiltration of mononuclear cells by the Sydney classification). The presence of pancreatic acinar cells, defined as small clusters or lobules of epithelial cells similar to pancreatic acinar cells in CM[26], was also evaluated.

Statistical analysis
To perform a statistical analysis, we grouped the patients into two categories: (1) patients with CM at GEJ and patients with OM or OCM at GEJ; or (2) patients with carditis and patients without carditis. The data were analyzed for differences between groups by Student’s t test, or χ2 tests. Logistic regression was used for multivariate analysis. P < 0.05 was considered statistically significant. Statistical calculations were performed using SPSS version 10.0 for Windows (SPSS Inc., Chicago, IL, Unted States).
The biomedical statistical review of this study was performed by Jinmi Kim, PhD, a clinical trial center research professor at department of biostatics, clinical trial center, Pusan National University Hospital.

RESULTS
The patients ranged in age from 29 years to 80 years (mean age 57.62 years, median age 59.00 years). Fifty nine patients (96.7%) were Korean and the other 2 patients were Russian. The presence of CM was significantly associated with older age compared with OM/OCM (60.59 ± 2.017 years and 51.55 ± 3.353 years, respectively, P = 0.018). 
The CM was found in 41 cases (67.2%) and OCM and OM were found in 17 cases (27.9%) and 3 cases (4.9%), respectively. These data indicate that in at least 32.8% of the cases there was no circumferential presence of CM. Pancreatic acinar cells were found in 6 cases (9.8%) and the esophageal gland duct was present in 1 case (1.6%). 
Regarding the clinicopathological significance of CM in terms of GERD, Table 1 describes the relationship between the type of mucosa and endoscopic findings. The presence of CM was significantly associated with endoscopic diagnosis of reflux esophagitis according to the modified LA classification (P = 0.02). Furthermore, Table 2 shows that the presence of CM was significantly associated with chronic inflammation (moderate or marked infiltration of mononuclear cells in lamina propria) and activity of inflammation (neutrophilic infiltration in lamina propria and/or glands) (P = 0.001 and P = 0.004, respectively). Table 3 shows the relationship between the presence of carditis and the endoscopic findings. The presence of carditis was associated with endoscopic diagnosis of reflux esophagitis according to the modified LA classification (P = 0.008). On multivariate analysis, mononuclear cell infiltration reflecting chronic inflmamation was significantly associated with cardiac mucosa (Odds ratio 4.230, P = 0.049) and neutrophilic infiltration which means acute inflammatory condition was correlated with presence of cardiac mucosa, though it was not statistically significant (Odds ratio 4.296, P = 0.057).
Interestingly, the presence of pancreatic acinar cells was significantly associated with hiatal hernia (P = 0.039), but there was no association with the presence of pancreatic acinar cells and endoscopic reflux esophagitis, intestinal metaplasia or Helicobacter pylori (H. pylori) infection (data not shown, P = 0.130, P = 0.163, P = 0.202, respectively).The esophageal gland duct was present in 1 case, and the duct was present among the glandular component.

DISCUSSION
In this study, we demonstrated that the presence of CM at GEJ was significantly associated with the presence of GERD severity of carditis. And on multivariate analysis, chronic inflammatory condition was associated with presence of cardiac mucosa, suggesting that the presence of CM reflects the reflux damage and CM can be considered as an indicator of GERD. Our data might indirectly support evidence of a rising incidence of GERD or adenocarcinomas of the GEJ and proximal stomach in Asia, although these results are based on a small retrospective dataset from a single institution.
We previously analyzed 30 esophagogastrectomy specimens[11] and found that the CM was present circumferentially in 66.7% of cases. So, 33.3% of the cases had direct continuity of OM and squamous epithelium. In the present study, even with biopsy samples, we found that 3 cases (4.9%) showed direct continuity of OM and squamous epithelium, even though the samples were not obtained systematically around the GEJ. We also observed a significant association CM with older age.
The Korean ministry of national health and welfare provide nationwide health medical examination by national health insurance. And it includes endoscopic examination targeting adults aged more than 40 years biennially. And 65.6% (40 cases out of 31 cases) patients of our study got endoscopy according to the schedule of national health insurane program as a screening inspection. Of these, only 20.0% (8 cases out of 40cases) had any reflux symtoms.
The cause of carditis is a controversial topic. Currently, it is thought to be a result of gastroesophageal reflux or a proximal extension of H. pylori infection from the remnant of the stomach. Der et al. reported that acute and chronic inflammation of the CM had different etiologic factors, being distal gastritis and H. pylori infection, and acid reflux, respectively[14]. And there are reports elucidating the etiology of carditis by status of H. pylori infection[15] and presence or absence of chronic gastritis of the remainder stomach[27]. The present study was performed retrospectively, and samples from the remainder stomach were not available for evaluation, so we could not evaluate the possibility of gastritis involving GEJ and the status of H. pylori infection of remainder stomach. Although we could not determine the cause of carditis, all of these findings indirectly suggest that CM itself reflects the inflammatory condition associated with reflux stimuli. Regarding the significance of CM in GEJ, Chandrasoma et al[13] reported that the squamo-oxyntic gap (OCM ± CM ± intestinal epithelium between squamous epithelium and the OM) is equivalent to the columnar-lined esophagus and its presence is an indicator of reflux, defining the presence of intestinal metaplasia within the squamo-oxyntic gap as Barrett’s esophagus (BE). Thus, 26.2% (16 out of 61 cases) of our study can be classified as BE, according to Chandrasoma et al. 
The origin and the significance of pancreatic acinar cells are reported variably in the literature as being a congenital structure[28] or metaplastic elements[29] related to GERD. In this study, the presence of pancreatic acinar cells was associated with hiatal hernia, but there was no association with endoscopic diagnosis of reflux esophagitis, reflux appearance of GEFV, carditis, or H. pylori infection (data not shown). The nature and significance of the pancreatic acinar cells at GEJ should be further defined.
In this study, we provide data supporting the notion that the CM may be an acquired structure and is associated with reflux stimuli, similar to results derived from Western populations. Our study has many limitations, mainly because we were unable to evaluate the histologic findings in the esophagus and remainder stomach because the study was performed retrospectively. Prospective, systematic, and multi-center studies are required to confirm the data presented herein.
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In Asia, the prevalence of gastroesophageal reflux disease (GERD) and gastroesophageal junction (GEJ) adenocarcinoma is lower than Western population but the incidence is increasing. The existence and origin of cardiac mucosa (CM) at GEJ is a hotly debated topic and there are two main opinions about the nature and the origin of CM at GEJ, being a normal congenital structure and a metaplastic response to reflux stimuli, respectively. And most of the data are from Western countries. 

Research frontiers
Histologically, CM was a common finding but 3 cases (4.4%) had oxyntic mucosa even in a single biopsy sample, which means they had direct continuity of squamous epithelium and oxyntic mucosa. And association with inflammatory condition and presence of CM at GEJ suggests that CM may be an acquired structure associated with reflux stimuli which is a similar result to Western datasets.

Innovations and breakthroughs
The present study could not evaluate the possibility of extension of distal gastritis or impact of Helicobacter pylori infection, as the authors performed a retrospective study and the biopsy procedure was not performed systematically. But absence of CM (meaning OCM or OM at GEJ) even in the single biopsy samples reinforces that CM is not located circumferentially, which indirectly suggests that CM may not be a normal congenital structure. And association between severity of inflammation and presence of CM supports that presence of CM at GEJ can be an indicator of reflux stimuli. Also, according to Chandrasoma’s criteria, 30.9% (21 out of 68 cases) of our study cohort belong to Barrent’s esophagus, which may explain the rising incidence of GERD and GEJ adenocarcinoma in Asia.

[bookmark: OLE_LINK1860][bookmark: OLE_LINK1861]Applications 
The presence of CM at GEJ can be a histologic indicator of reflux stimuli. And this study can be an evidence for necessity of performing multicenter and prospective study to better elucidate the nature and origin of CM at GEJ. 

Terminology
The columnar epithelium of squamocolumnar junction was classified according to the type of glandular component : (1) oxyntic mucosa (OM) composed entirely of parietal and chief cells without any mucous cells below the foveolar region; (2) oxyntocardiac mucosa (OCM), which contains a mixture of mucous cells and parietal cells; and (3) cardiac mucosa (CM) composed entirely of mucous cells without any parietal cells.
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Well-written, it’s better to add demographic data of the patients and multivariate analysis.
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Figure 1 Patient and tissue selection. All included samples were obtained from the gastroesophageal junction (GEJ) with histologic squamo-columnar junction and proper amount of glandular component.
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Figure 2 Endoscopic findings of gastroesophageal junction. A: Los Angeles (LA) classification 0 indicates normal gastroesophageal junction (GEJ) with no mucosal breaks; this case showed oxyntic mucosa at GEJ histologically; B: LA classification A indicating one or more mucosal breaks no longer than 5 mm. Microscopically, it showed cardiac mucosa at the GEJ; C: LA classification B with one or more mucosal breaks over 5 mm long; this case had cardiac mucosa at the GEJ.




A
[image: Fig 2A] 
B
[image: Fig2C]
C
[image: Fig2E]
[bookmark: OLE_LINK463][bookmark: OLE_LINK464]Figure 3 The columnar epithelium of squamocolumnar junction. (hematoxylin-eosin staining, magnification × 100). Insets show high magnification finding (magnification × 400) of glandular component of the gastroesophageal junction (GEJ). A: Oxyntic mucosa (OM) composed entirely of parietal and chief cells without mucous cells below the foveolar region; B: Oxyntocardiac mucosa (OCM) containing a mixture of mucous cells and parietal cells; C: Cardiac mucosa (CM) composed entirely of mucous cells without any parietal cells. 



Table 1 Relationship between mucosal type and endoscopic findings  n (%)
	
	Mucosa type

	
	OM/OCM (n = 20)

	CM (n = 41)

	P value

	LA classification
	
	
	

	N
	15 (75.0)
	18 (43.9)
	0.022

	M, A, B, C, D
	5 (25.0)
	23 (56.1)
	

	Hill grade
	
	
	

	normal (1, 2)
	16 (80.0)
	27 (65.9)
	0.255

	reflux (3, 4)
	4 (20.0)
	14 (34.1)
	

	Hiatal hernia
	
	
	

	absent
	15 (75.0)
	22 (53.7)
	0.109

	present
	5 (25.0)
	19 (46.3)
	


OM: Oxyntic mucosa; OCM: Oxyntocardiac mucosa; CM: Cardiac mucosa.

Table 2 Relationship between mucosal type and severity of inflammation  n (%)
	
	Mucosa type

	
	OM/OCM (n = 20)

	CM (n = 41)

	P value

	Mononuclear cell infiltration 
	
	
	

	mild
	11 (55.0)
	6 (14.6)
	0.001

	moderate, marked
	9 (45.0)
	35 (85.4)
	

	Neutrophil infiltration
	
	
	

	absent
	17 (85.0)
	19 (46.3)
	0.004

	mild, moderate, marked
	3 (15.0)
	22 (53.7)
	

	Intestinal metaplasia
	
	
	

	absent
	17 (85.0)
	28 (68.3)
	0.164

	present
	3 (15.0)
	13 (31.7)
	

	Helicobacter pylori infection
	
	
	

	absent
	16 (80.0)
	33 (80.5)
	0.964

	present
	4 (20.0)
	8 (19.5)
	


OM: Oxyntic mucosa; OCM: Oxyntocardiac mucosa; CM: Cardiac mucosa.

Table 3 Relationship between carditis and endoscopic findings n (%)
	
	Carditis

	
	Absent (n = 24)

	Present (n = 37)

	P value

	LA classification 
	
	
	

	N
	18 (75.0)
	15 (40.5)
	0.008

	M, A, B, C, D
	6 (25.0)
	22 (59.5)
	

	Hill grade 
	
	
	

	normal (1, 2)
	20 (83.3)
	23 (62.2)
	0.077

	reflux (3, 4)
	4 (16.7)
	14 (37.8)
	

	Hiatal hernia
	
	
	

	absent 
	17 (70.8)
	20 (54.1)
	0.190

	present
	7 (29.2)
	17 (45.9)
	

	Helicobacter pylori infection
	
	
	

	absent 
	20 (83.3)
	29 (78.4)
	0.634

	present
	4 (16.7)
	8 (21.6)
	











Table 4 Logistic regression analysis between oxyntic mucosa/ oxyntocardiac mucosa and cardiac mucosa
	
	Adjusted odds ratio
	95%CI
	P value

	Mononuclear cell infiltration
	4.230
	1.003-17.833
	P=0.050

	Neutrophil infiltration
	4.296
	0.958-19.267
	P=0.057

	LA classification
	2.969
	0.771-11.430
	P=0.114

	Age 
	1.038
	0.989-1.089
	P=0.130


OM: Oxyntic mucosa; OCM: Oxyntocardiac mucosa; CM: Cardiac mucosa.
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