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Abstract: Despite a global decrease, gastric cancer (GC) incidence appears to be increasing recently
in young, particularly female, patients. The causal mechanism for this “new” type of GC is un-
known, but a role for autoimmunity is suggested. A cascade of gastric precancerous lesions, begin-
ning with chronic atrophic gastritis (CAG), precedes GC. To test the possible existence of autoim-
munity in patients with CAG, we aimed to analyze the prevalence of several autoantibodies in pa-
tients with CAG as compared to control patients. Sera of 355 patients included in our previous pro-
spective, multicenter study were tested for 19 autoantibodies (anti-nuclear antibodies, ANA, anti-
parietal cell antibody, APCA, anti-intrinsic factor antibody, AIFA, and 16 myositis-associated anti-
bodies). The results were compared between CAG patients (n = 154), including autoimmune gastri-
tis patients (AIG, n = 45), non-autoimmune gastritis patients (NAIG, n = 109), and control patients
(n =201). ANA positivity was significantly higher in AIG than in NAIG or control patients (46.7%,
29%, and 27%, respectively, p = 0.04). Female gender was positively associated with ANA positivity
(OR 0.51 (0.31-0.81), p =0.005), while age and H. pylori infection status were not. Myositis-associated
antibodies were found in 8.9% of AIG, 5.5% of NAIG, and 4.4% of control patients, without signifi-
cant differences among the groups (p = 0.8). Higher APCA and AIFA positivity was confirmed in
AIG, and was not associated with H. pylori infection, age, or gender in the multivariate analysis.
ANA antibodies are significantly more prevalent in AIG than in control patients, but the clinical
significance of this finding remains to be established. H. pylori infection does not affect autoantibody
seropositivity (ANA, APCA, AIFA). The positivity of myositis-associated antibodies is not increased
in patients with CAG as compared to control patients. Overall, our results do not support an
overrepresentation of common autoantibodies in patients with CAG.
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1. Introduction

With almost one million new cases every year, gastric cancer (GC) is the fifth most
frequently diagnosed cancer and the third cause of cancer-related death worldwide [1].
According to the model of gastric carcinogenesis known as “Correa’s cascade” [2], GC is
preceded by the sequential development of gastric precancerous lesions (GPL) (i.e.,
chronic atrophic gastritis (CAG), intestinal metaplasia (IM), and dysplasia), usually fol-
lowing a chronic infection with Helicobacter pylori (H. pylori) [2-4]. Less frequently,
atrophic gastritis can result from an autoimmune reaction (autoimmune gastritis, AIG),
which destroys gastric glands in the fundus [5-7]. In H. pylori-related gastritis, the lesions
first appear in the antrum and eventually spread to the corpus [5,6,8,9]; in contrast, in AIG,
the lesions are typically limited to the corpus (Figure 1a).

Despite a global decrease in GC incidence over the last decades, recent epidemiolog-
ical studies have shown a rising incidence in young, especially female, patients [10,11].
The causal mechanisms for this “new” type of GC have not been identified. However, a
role for autoimmunity or changes in the microbiota has been proposed [11-13]. This is
supported by recent studies suggesting an association between autoimmune conditions,
such as dermatomyositis, Addison disease, and herpetiform dermatitis, and an increased
risk of GC [14-16].

To test whether a possible overrepresentation of autoimmunity-associated autoanti-
bodies in patients with CAG could exist, this study aimed to analyze the prevalence of
routinely assessed autoantibodies in patients with CAG as compared to control patients.
We tested 19 different autoantibodies, including anti-nuclear antibodies (ANA), anti-pari-
etal cell antibody (APCA), anti-intrinsic factor antibody (AIFA), and 16 different myositis-
associated antibodies. APCA and AIFA were included as “classical” AIG-associated anti-
bodies [14], and ANA were included because of their presence in multiple autoimmune
diseases [17]. The panel of myositis antibodies was selected according to the data from the
literature indicating a strong association between dermatomyositis and GC [14,15], while
its possible association with GPL has yet to be studied. The clinical picture of dermatomy-
ositis is presented in Figure 1b.

(a) (b)

Figure 1. (a) Upper gastrointestinal endoscopy with virtual chromoendoscopy (BLI) showing intes-
tinal metaplasia and gastric atrophy in the corpus in a patient with autoimmune gastritis. Photo
from the private archive of Dr. Nicolas Chapelle. (b) A 45-year-old male patient with dermatomyo-
sitis presented with a skin rash and pruritus. Clinical examination revealed macular erythema over
the sun-exposed parts of the anterior neck and upper chest, known as “V-sign”, a skin manifestation
of dermatomyositis. Data from the literature indicate a strong association between dermatomyositis
and GC [14,15]. Patient informed consent for the photo publication was obtained.

2. Materials and Methods
2.1. Design of the Study
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Serum samples collected from patients during our previous prospective, multicenter,
cross-sectional study were analyzed. Out of 394 patients initially included in the study, 33
were excluded due to the absence of biopsies from two sites (corpus and antrum), 4 due
to gastric adenocarcinoma at the initial examination, and 2 due to the lack of serum sam-
ples. Finally, 355 patients were included in the current study. Detailed descriptions of the
study population, criteria for patient selection, endoscopy protocol used, blood sample
collection, and histopathological evaluation of gastric biopsies were reported previously
[18,19]. In brief, patients presented for upper endoscopy with gastric biopsies in four
French University Hospitals between 2016 and 2019, and considered at increased risk of
GC, were candidates for inclusion. Upper endoscopy with at least four gastric biopsies
(two from the antrum and two from the corpus) was performed, and a fasting blood sam-
ple was obtained. The presence and intensity/distribution of GPL was evaluated with his-
topathological analysis of gastric biopsies according to the updated Sydney system [20].
The diagnosis of AIG was based on typical histology, including atrophic gastritis or intes-
tinal metaplasia limited to the corpus with concomitant hyperplasia of enterochromaffin-
like cells. Patients with CAG with typical histology were classified as NAIG. Other pa-
tients included in the study, with normal gastric mucosa or with non-atrophic gastritis on
the histopathological examination, were classified as the control group. H. pylori status
was assessed in all patients with histology and serology and was considered positive if at
least one of the results was positive.

2.2. Antibodies

Nineteen autoantibodies, including ANA, APCA, AIFA, and 16 different myositis-
associated antibodies were tested. APCA and AIFA were screened with fluorescence en-
zyme immunosorbent assay (FEIA) on an automated Phadia™ 250 analyzer according to
the supplier’s recommendations (Thermo Fisher Scientific Inc., Waltham, MA, USA). The
cut-off values the manufacturer recommended are presented in Table 1.

ANA were screened with indirect immunofluorescence assay on HEp-2 cells (screen-
ing dilution 1:80) according to the supplier’s recommendations (Bio-Rad, Hercules, CA,
USA). Positive sera were titrated with a 2-fold dilution up to a maximum of 1:2560. ANA
results were classified as negative for dilution <1:80, equivocal for dilution 1:80, weakly
positive for dilution 1:160, positive for dilution 1:320 or 1:640, and strongly positive for
dilution >1:1280.

Myositis autoantibodies were analyzed with Immunoblot assay (EUROLINE Myo-
sitis Profile; Euroimmun, Liibeck, Germany) according to the supplier’s recommenda-
tions. This immunoblot detected 12 myositis-specific autoantibodies (Mi-2a, Mi-2(3, TIF1vy,
MDAD5, NXP2, SAE1, SRP, Jo-1, PL-7, PL-12, EJ, OJ) and 4 myositis-associated autoanti-
bodies (Ku, PM-5c1100, PM-Scl-75, SSA-52). Immunoblot bands were analyzed with the
EUROLineScan software (Euroimmun), allowing semi-quantitative determinations based
on signal intensity (Table 1).
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Table 1. Antibodies and the cut-off values.

Antibody Negative Equivocal Positive
APCA, AIFA [U/mL] <7 7-10 >10
ANA <1:80 1:80 >1:160
Myositis-associated antibodies <10 >10 >25

APCA, anti-parietal cell antibody; AIFA, anti-intrinsic factor antibody; ANA, anti-nuclear antibod-
ies; myositis-associated antibodies including Mi-2a, Mi-2(3, TIF1y, MDA5, NXP2, SAE1, SRP, Jo-1,

PL-7, PL-12, EJ, OJ, Ku, PM-Scl100, PM-Scl-75, SSA-52 were assessed.

2.3. Statistical Analysis

Differences between the groups with CAG (origin or location) versus controls were
tested using Pearson’s chi-squared test for binary characteristics and the Student’s t or
Fisher’s test for continuous characteristics. In order to identify characteristics that are
more associated with ANA, AIFA, or APCA positivity, univariate and multivariate logistic
regressions were carried out. Analyses were performed using R and R-studio. A signifi-

cance level of p <0.05 was adopted.

3. Results
3.1. Descriptive Analysis of the Study Population

A comparison of demographic characteristics, H. pylori status, and autoantibody pos-
itivity between CAG and control patients is presented in Table 2. The data, according to
the type of CAG (AIG or NAIG), are presented in Table 3. Patients were categorized into
two major groups: patients with CAG (n = 154), and control patients (n = 201) including
those with normal gastric mucosa or non-atrophic gastritis. Subsequently, within the CAG
group, patients were classified into two sub-groups: autoimmune gastritis (AIG, n = 45)
and non-autoimmune gastritis (NAIG, n = 109). In our cohort, patients in the CAG group
were older than the control patients (mean age 61.5 + 13.8 years vs. 56.4 + 14.2 years, re-
spectively, p <0.001). Within the CAG group, NAIG patients were significantly older than
control patients (62.5 + 12.8 vs. 56.4 + 14.2 years, respectively, with significance in post hoc
analysis p < 0.001). There was no significant age difference between the AIG and control
patients (58.9 + 15.8 vs. 56.4 + 14.2 years, p = 0.5). H. pylori infection was more frequent in
the CAG than in the control group (27.3% vs. 15.4%, respectively, p = 0.006) and in NAIG

as compared to AIG patients (33.9% vs. 11.1%, p = 0.02).

Table 2. Comparison of patient characteristics, autoantibody seropositivity, and H. pylori status in

chronic atrophic gastritis and control patients.

Parameter CAG (n=154) Control (n=201) p-Value Total (n = 355)
Age (year) mean (+SD) 61.5 (£13.8) 56.4 (+14.2) <0.001 58.6 (+14.2)
Range (year) 22-89 18-82 18-89
Sex 0.09

Female 11 (%) 76 (49.4) 117 (58.2) 193 (54.4)
Male n (%) 78 (50.6) 84 (41.8) 162 (45.6)
H. pylori status 0.006

Histology positive 1 (%) 25 (16.2) 22 (10.9) 47 (13.2)
Serology positive 1 (%) 35(22.7) 27 (13.4) 62 (17.5)
Any H. pylori positive n (%) 42 (27.3) 31 (15.4) 73 (20.6)
APCA n (%) 41 (27.0) 8 (4.0 <0.001 49 (13.9)
AIFA n (%) 20 (13.5) 0 <0.001 20 (5.8)
ANA n (%) 52 (34.2) 54 (27.0) 0.1 106 (30.1)
Myositis-associated antibodies 0.6

At least one antibody equivocal or positive 1 (%) 22 (14.5) 26 (12.9) 59 (13.8)
At least one positive antibody 7 (%) 9 (5.9) 9(4.4) 19 (5.3)
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CAG, chronic atrophic gastritis; AlG—auteimmune—gastritis; NAIG—non-autoimmune gastritis;
APCA, anti-parietal cell antibody; AIFA, anti-intrinsic factor antibody. Cut-off values for APCA and

AIFA, negative: <7 U/mL, equivocal: 7-10 U/mL, positive: >10 U/mL. Values qualified as positive for
APCA and AIFA were with cut-off >10 U/mL. ANA, anti-nuclear antibodies; ANA results: negative
dilution <1:80, equivocal 1:80, positive >1:160. Values qualified as positive for ANA were >1:160.
Myositis-associated antibodies seropositivity, equivocal > 10; positive >25; myositis antibodies in-
cluded Mi-2a, Mi-23, TIF1y, MDA5, NXP2, SAE1, SRP, Jo-1, PL-7, PL-12, EJ, OJ, Ku, PM-5¢1100, PM-
Scl-75, SSA-52; H. pylori, Helicobacter pylori. Values are presented as n (%), mean (+SD). Pearson’s chi-
squared test or Linear Model ANOVA was used for statistical analysis, and a significance level of p
<0.05 was adopted.

Table 3. Comparison of patients’ characteristics, H. pylori status, and antibody seropositivity among
the patients with autoimmune gastritis, with non-autoimmune gastritis, and control patients.

Parameter AIG (n=45) NAIG (n=109) Control (n=201) p-Value Total (n=355)
Age (year) mean (+SD) 58.9 (£15.7) 62.5 (£12.8) 56.4 (+14.2) 0.001 58.6 (+14.2)
Range (year) 23-89 22-87 18-82 18-89
Sex 0.059

Female 1 (%) 27 (60.0) 49 (45.0) 117 (58.2) 193 (54.4)
Male n (%) 18 (40.0) 60 (55.0) 84 (41.8) 162 (45.6)
H. pylori status <0.001

Histology positive 1 (%) 0 25 (22.9) 22 (10.9) 47 (13.2)
Serology positive n (%) 5(11.1) 30 (27.5) 27 (13.4) 62 (17.5)
Any H. pylori positive n (%) 5(11.1) 37 (33.9) 31 (15.4) 73 (20.6)
APCA n (%) 33 (73.3) 8(7.5) 8 (4.0) <0.001 49 (13.9)
AIFA n (%) 17 (40.5) 3(2.8) 0 <0.001 20 (5.8)
ANA n (%) 21 (46.7) 31 (29.0) 54 (27.0) 0.03 106 (30.1)
Myositis antibodies 0.8

At I.ez.ast one antibody equivocal or 7 (14.3) 15 (15.6) 26 (12.9) 59 (13.8)
positive n (%)

At least one positive antibody n 4(89) 6 (5.5) 9 (4.4) 19 (5.3)

(%)

AIG, autoimmune gastritis; NAIG, non-autoimmune gastritis; APCA, anti-parietal cell antibody;
AIFA, anti-intrinsic factor antibody. Cut-off values for APCA and AIFA, negative: <7 U/mL, equiv-
ocal: 7-10 U/mL, positive: >10 U/mL. Values qualified as positive for APCA and AIFA with cut-off
>10 U/mL. ANA, anti-nuclear antibodies; ANA results: negative dilution <1:80, equivocal 1:80, pos-
itive 21:160. Values qualified as positive for ANA were >1:160. Myositis-associated antibodies sero-
positivity, equivocal >10; positive >25; myositis antibodies included Mi-2a, Mi-2(3, TIF1y, MDAS5,
NXP2, SAE1, SRP, Jo-1, PL-7, PL-12, EJ, OJ, Ku, PM-Scl100, PM-Scl-75, SSA-52; H. pylori, Helicobacter
pylori. Values are presented as n (%) or mean (+ SD). Pearson’s chi-squared test or Linear Model
ANOVA was used for statistical analysis; a significance level of p < 0.05 was adopted.

3.2. Autoantibodies

APCA and AIFA antibody positivity was overall significantly higher in the CAG
group than in the control group (APCA 27% vs. 4%; AIFA 13.5% vs. 0, respectively, p <
0.001). Within the subgroups of CAG, APCA, and AIFA, antibody positivity was signifi-
cantly higher in the AIG than in the NAIG and control groups (APCA: 73.3% vs. 7.5% vs.
4%, respectively, p < 0.001; AIFA: 40.5% vs. 2.8% vs. 0, respectively, p < 0.001, significant
differences were noted between AIG and NAIG and AIG and controls, p < 0.001 for both
antibodies), while there was no significant difference in APCA and AIFA seropositivity
between the NAIG and control patients (Table 3). Although ANA positivity was not sig-
nificantly different between CAG and the control group (p = 0.1), it was significantly
higher in AIG than in NAIG or control patients (46.7%, 29%, and 27%, respectively, p =
0.03, a significant difference was present between AIG and control groups p = 0.04, and
not between AIG and NAIG, p =0.1) (Tables 3 and S2).
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Overall, there was no difference between the CAG and the control group with respect
to myositis-associated antibodies positivity (Table 2). Myositis antibodies were found in
8.9%, 5.5%, and 4.4% of patients with AIG, NAIG, and in the control group, respectively,
(p = 0.8) (Table 3). The antibody with the highest percentage of at least an equivocal result
was PM75 (4.5% in the whole cohort). Beyond PM75, other myositis antibodies with at
least equivocal results were detected only in less than 2% of the cohort (Table S1).

3.3. Multivariate Analysis

To look for other factors that could potentially affect the ANA, APCA, and AIFA se-
ropositivity, we performed a multivariate analysis for the following factors: age, gender,
and H. pylori infection. We found that the only factor influencing ANA positivity was fe-
male gender (OR 0.51 (0.31-0.81, p = 0.005)). Neither age nor H. pylori infection affected
ANA seropositivity (Table 4). Whereas for APCA and AIFA, we found no factor affecting
their positivity (Table 5). Considering that positivity for myositis antibodies was rare, it
was not included in the multivariate analysis.

Table 4. Multivariate analysis for ANA.

Parameter ANA Negative = ANA Positive OR (Univariate) OR (Multivariate)
Age n (%) <50 70 (72.2) 27 (27.8)
>50 176 (69.0) 79 (31.0) 1.16 (0.70-1.97, p=0.5) 1.23(0.73-2.11, p=0.4)
Sex n (%) Female 122 (63.5) 70 (36.5)
Male 124 (77.5) 36 (22.5) 0.51 (0.31-0.81, p = 0.005) 0.50 (0.31-0.80, p = 0.004)
H. Pylori n (%) Negative 199 (71.1) 81 (28.9)
Positive 47 (65.3) 25 (34.7) 1.31 (0.75-2.25,p=0.3) 1.31(0.74-2.27, p=0.3)
ANA, anti-nuclear antibodies; ANA results: negative, dilution <1:80, positive, >1:16; H. pylori, Heli-
cobacter pylori. OR, odds ratio (95% confidence interval). Values are presented as n (%). The chi-
square test was used for statistical analysis.
Table 5. Multivariate analysis for APCA and AIFA.
P " APCA APCA OR OR AIFA AIFA OR OR
arameter Negative  Positive (Univariate) (Multivariate) Negative Positive (Univariate)  (Multivariate)
Age 1 (%) <50  80(82.5) 17 (17.5) 87 (90.6) 9(9.4)
0.68 (0.36-1.31, 0.69 (0.37-1.34, 0.44 (0.18-1.13, 0.46 (0.18-1.12,
>50  223(87.5) 32 (12.5) b=02) p=03) 240 (95.6) 11 (4.4) )= 0.08) )=0.09)
Sex 11 (%) Female 163(84.9) 29 (15.1) 176 (93.6) 12 (6.4)
0.80 (0.43-1.47, 0.83(0.44-1.52, 0.78 (0.30-1.93, 0.85 (0.34-2.09,
Male 140 (87.5) 20 (12.5) p=05) p=05) 151 (95.0) 8 (5.0) p=06) p=07)
H. Pylorin (%) Neg. 239(85.4) 41 (14.6) 258 (92.8) 20 (7.2)
0.73 (0.30-1.56, 0.74 (0.31-1.58, 0.09 (0.006-1.5,
Pos. 64(889)  8(11.1) b=0.4) p=05) 69 (100.0) 0 - )=009)

APCA, anti-parietal cell antibody; AIFA, anti-intrinsic factor antibody. Cut-off values for APCA and
AIFA, negative: <7 U/mL, equivocal: 7-10 U/mL, positive: >10 U/mL.Values qualified as positive for
APCA were with cut-off >10 U/mL; H. pylori, Helicobacter pylori; Neg., negative; Pos., positive. OR,
odds ratio (95% confidence interval). Values are presented as n (%). The chi-square test was used for
statistical analysis.

4. Discussion

It has been shown that different autoantibodies are more prevalent in patients with
cancer, including GC [21,22], and that autoimmune diseases are associated with GC
[14,15]. The aim of this study was thus to test the hypothesis that an increased prevalence
of commonly assessed autoantibodies could be found already in patients with GPL, pre-
ceding the development of GC. Not surprisingly, APCA and AIFA positivity was more
frequent in CAG than in control patients, explained by the high rate of seropositivity in
patients with AIG [5]. No difference existed regarding ANA and myositis antibodies be-
tween CAG and controls, whereas ANA positivity was more frequent in AIG than in
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controls. To our knowledge, this is the first study investigating the ANA profile in a large
group of patients with well-defined atrophic gastritis, particularly assessing the difference
between the two types of chronic atrophic gastritis, autoimmune and H. pylori-induced.

ANA positivity is detected in several autoimmune conditions, including systemic lu-
pus erythematosus, systemic sclerosis, and Sjogren’s syndrome, but also in about 10% of
the general population [23]. ANA are more prevalent in women and older individuals [24]
and detected in around 30% of patients with malignancies [25]. In our study, seropositiv-
ity for ANA was detected in almost half of AIG patients (46.7%), which is a higher rate as
compared to other studies, where seropositivity for ANA ranged between 17.4% in pa-
tients with AIG [26] to 19.1% in patients with H. pylori-negative CAG [27]. However, some
of these studies were limited by a small sample size [26]. The higher ANA rate observed
in our study may be related to the differences in methodology of ANA assessment, but
also due to the high percentage of weakly positive results in our study (almost half of
ANA positive results in AIG were weakly positive, Table 52). Another possible explana-
tion of high ANA seropositivity in AIG patients is the presence of concomitant autoim-
mune thyroiditis in patients with AIG, which might be associated with ANA seropositiv-
ity. In the literature, the seropositivity of ANA in autoimmune thyroiditis was described
in 20-35% of patients [28,29]. We did not confirm the association between H. pylori infec-
tion and ANA positivity, as suggested by other studies [30]. The rate of ANA positivity in
the control group in our study was also quite high (27%), but one third of the positive
results were patients with weakly positive results (Table 52). Our study confirms that high
ANA might be partially attributed to a higher percentage of women in the AIG group.
This is consistent with the data from the literature [24].

Another original investigation of our research was the assessment of myositis anti-
bodies in CAG. Although we observed an overall low prevalence of myositis antibodies
(5.3%), this rate appears higher than expected when compared to the general population
(close to 1%) [31]. Consequently, firm conclusions cannot be drawn, given the lack of di-
rect comparisons and different techniques used to analyze myositis antibodies. Interest-
ingly, there was no association with a particular myositis antibody. The highest seroposi-
tivity was noted for PM75, which, together with PM100, are the antibodies characteristic
for polymyositis, systemic sclerosis, and overlap syndromes [32,33]. Seropositivity for the
PM75 antibody has low specificity which increases, in the case of double seropositivity for
both PM75 and PM100, which was rare in our study. Other antibodies, including the most
specific for dermatomyositis, associated with malignancy (NXP2 and TIF1lg), remained
low in our study population (0.3-0.6%) [34]. Thus, our results may instead suggest that
dermatomyositis develops together with GC as a paraneoplastic syndrome and is not a
causative factor [35].

Not surprisingly, APCA and AIFA were more prevalent in CAG than in the control
group, but seropositivity of these antibodies is the hallmark of AIG and pernicious anemia
[36,37]. On the other hand, APCA and AIFA positivity did not differ between the NAIG
group and control patients. APCA is usually detected in 85-90% of AIG patients but may
also be found in around 10% of the healthy population. AIFA is present in 35-60% of AIG
cases and is highly specific for AIG [5,38]. APCA and AIFA can also be found in patients
with other autoimmune diseases, such as celiac disease and diabetes mellitus type I
[36,39].

The role of AIG as a precancerous condition is currently debated [40,41]. Some stud-
ies reported an increased GC risk in patients with AIFA [13], but recent studies found no
association [42,43]. According to recent data, the increased GC risk reported in patients
with AIG would be mainly related to the concomitant H. pylori infection [42,43]. Indeed,
another important aspect is the role of H. pylori infection and its relationship to AIG. Some
data suggest that H. pylori infection triggers AIG [44,45] and that H. pylori eradication may
even lead to the regression of AIG [46]. However, the exact role of H. pylori in AIG has yet
to be elucidated [5,36]. In the present study, H. pylori infection did not affect APCA and
AIFA seropositivity, which is consistent with the data from the literature [47]. The
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association of H. pylori with the development of many autoimmune diseases (organ-spe-
cific and systemic) is evoked [48]. Conversely, the only autoimmune disease in which the
role of H. pylori as a causative factor has been admitted is autoimmune thrombocytopenia
[49].

Opverall, our results do not support the initial hypothesis of the autoimmune response
in patients with GPL beyond the known association with ACPA and AIFA. Nevertheless,
they do not preclude that an autoimmune response may appear later in the gastric carcin-
ogenesis.

Our study has several strengths, including its multicentric and prospective design. It
is the first prospective study investigating the presence of autoantibodies, with an empha-
sis on myositis antibodies, in patients with well-defined CAG. The patients were divided
according to the origin of gastritis (AIG and NAIG) to better understand the differences
in autoimmunity in CAG.

Our study also has some limitations. Firstly, the CAG group is relatively small. Even
so, this condition is rare in regions with a low GC incidence, such as France (prevalence
in Western Europe is around 3.2% [50], compared to >20% in Southeast Asia and South
America [51]). Secondly, we did not adjust the antibody’s level according to information
from past medical history, such as the history of autoimmune diseases, which is a major
drawback, but the initial study design did not imply the collection of these data from the
patients. Moreover, the median age in our cohort is above 50 years. Therefore, the higher
level of antibodies may be related to age, even though multivariate analysis did not con-
firm the influence of age on antibody seropositivity.

5. Conclusions

Overall, our results do not support the association between the presence of common
autoantibodies, particularly myositis-associated antibodies, and GPL, except for an ex-
pected overrepresentation of APCA and AIFA in AIG. Interestingly, ANA appear more
prevalent in AIG than in control patients, and the significance of this finding, both on
pathophysiological and diagnostic levels, deserves further investigation. Additionally, H.
pylori infection does not appear to affect the autoantibody positivity (ANA, APCA, AIFA).
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GPL Gastric Precancerous Lesions
H. pylori Helicobacter pylori

CAG Chronic Atrophic Gastritis
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References

1.  Bray, F,; Ferlay, J.; Soerjomataram, I.; Siegel, R. L, Torre, L. A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2018, 68, 394-424.

2. Correa, P. A Human Model of Gastric Carcinogenesis. Cancer Res. 1988, 48, 3554-3560.

3. Leung, WK, Lin, S.R,; Ching, ].Y.L.; To K;; Ng E.; Chan F.; Lau J.; Sung J. Factors predicting progression of gastric intestinal
metaplasia: Results of a randomised trial on Helicobacter pylori eradication. Gut 2004, 53, 1244-1249.

4.  Fukase, K; Kato, M.; Kikuchj, S.; Inoue K.; Uemura N.; Okamoto S.; Terao S.; Amagai K.; Hayashi S.; Asaka M. Effect of eradi-
cation of Helicobacter pylori on incidence of metachronous gastric carcinoma after endoscopic resection of early gastric cancer:
An open-label, randomised controlled trial. Lancet 2008, 372, 392-397.

5. Lenti, M.V.; Rugge, M.; Lahner, E.; Miceli E.; Toh B.; Genta R.; De Block C.; Hershko C.; Di Sabatino A. Autoimmune gastritis.
Nat. Rev. Dis. Prim. 2020, 6, 56. https://doi.org/10.1038/s41572-020-0187-8.

6.  Coati, I; Fassan, M.; Farinati, F.; Graham D.; Genta R.; Rugge M. Autoimmune gastritis: Pathologist’s viewpoint. World ]. Gas-
troenterol. 2015, 21, 12179-12189.

7. Miceli, E.; Lenti, M.V.; Padula, D.; Luinetti O.; Vattiato C.; Monti C.; Di Stefano M.; Corazza G. Common Features of Patients
with Autoimmune Atrophic Gastritis. Clin. Gastroenterol. Hepatol. 2012, 10, 812-814.

8. Rustgi, S.D,; Bijlani, P.; Shah, S.C. Autoimmune gastritis, with or without pernicious anemia: Epidemiology, risk factors, and
clinical management. Ther. Adv. Gastroenterol. 2021, 14, 1-12. https://doi.org/10.1177/17562848211038771.

9. Massironi, S; Zilli, A.; Elvevi, A; Invernizzi, P.The changing face of chronic autoimmune atrophic gastritis: An updated com-
prehensive perspective. Autoimmun. Rev. 2019, 18, 215-222.

10. Arnold, M,; Park, ].Y.; Camargo, M.C.; Lunet N.; Forman D. Soerjomataram I. Is gastric cancer becoming a rare disease? A global
assessment of predicted incidence trends to 2035. Gut 2020, 69, 823-829.

11.  Anderson, W.F.; Rabkin, C.S.; Turner, N.; Fraumeni J.; Rosenberg P.; Camargo M.; The changing face of noncardia gastric cancer
incidence among US non-Hispanic whites. ]. Natl. Cancer Inst. 2018, 110, 608-615.

12.  Blaser, M.].; Chen, Y. A new gastric cancer among US. ]. Natl. Cancer Inst. 2018, 110, 549-550.

13. Song, M.; Camargo, M.C.; Katki, H.A.; Weinstein S.; Mannisto S.; Albanes D.; Surcel H.; Rabkin C. Association of Antiparietal
Cell and Anti-Intrinsic Factor Antibodies with Risk of Gastric Cancer. JAMA Oncol. 2022, 8, 268-274.

14. Song, M.; Latorre, G.; Ivanovic-Zuvic, D.; et al. Autoimmune diseases and gastric cancer risk: A systematic review and meta-
analysis. Cancer Res. Treat. 2019, 51, 841-850.

15. Zadori, N.; Szako, L.; Vancsa, S.; Vorhendi, N.; Ostarijas, E.; Kiss, S.; Frim, L.; Hegyi, P. Czimmer, J. Six Autoimmune Disorders
Are Associated with Increased Incidence of Gastric Cancer: A Systematic Review and Meta-Analysis of Half a Million Patients.
Front. Immunol. 2021, 12, 750533. https://doi.org/10.3389/fimmu.2021.750533.

16. Landgren, A.M.; Landgren, O.; Gridley, G.; Dores, G.; Linet, M.; Morton, L. Autoimmune disease and subsequent risk of devel-
oping alimentary tract cancers among 4.5 million U.S. male Veterans. Cancer 2011, 117, 1163-1171.

17.  Agmon-Levin, N.; Damoiseaux, J.; Kallenberg, C.; Sack, U.; Witte, T.; Herold, M.; Bossuyt, X.; Musset, L.; Cervera, R et al. Inter-

national recommendations for the assessment of autoantibodies to cellular antigens referred to as anti-nuclear antibodies. Ann.
Rheum. Dis. 2014, 73, 17-23.



Diagnostics 2023, 13, 1599 10 of 11

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Chapelle, N.; Petryszyn, P.; Blin, J.; Leroy, M.; Le Berre-Scoul, C.; Jirka I.; Neunlist, M. ; Moussata D.; Lamarque, D.; Olivier, R.
et al. A panel of stomach-specific biomarkers (GastroPanel®) for the diagnosis of atrophic gastritis: A prospective, multicenter
study in a low gastric cancer incidence area. Helicobacter 2020, 25, e12727.

Chapelle, N.; Osmola, M.; Martin, J.; Blin, ].; Leroy, M. Jirka, I.; Moussata, D.; Lamarque, D.; Olivier, R.; Tougeron, D. et al.
Serum Pepsinogens Combined with New Biomarkers Testing Using Chemiluminescent Enzyme Immunoassay for Non-Inva-
sive Diagnosis of Atrophic Gastritis: A Prospective, Multicenter Study. Diagnostics 2022, 12, 695.

Dixon, M.F.; Genta, R.M.; Yardley, ].H.; Correa P.; Batts, K.; Dahms, B.; Filipe, M. ; Haggitt, R. ; Haot, ., et al. Classification and
grading of gastritis. The updated Sydney System. International Workshop on the Histopathology of Gastritis, Houston 1994.
Am. . Surg. Pathol. 1996, 20, 1161-1181.

Burnham, T. Antinuclear antibodies in patients with malignancies. Lancet 1972, 300, 436—437.

Monroy-Iglesias, M.].; Crescioli, S.; Beckmann, K.; Le, N.; Karagiannis, S.N.; Van Hemelrijck, M.; Aida, S. Antibodies as bi-
omarkers for cancer risk: A systematic review. Clin. Exp. Immunol. 2022, 209, 46-63.

Shmerling, R.H. Autoantibodies in Systemic Lupus Erythematosus—There before You Know It. N. Engl. ]. Med. 2003, 349, 1499—
1500.

Satoh, M.; Chan, EXK.L.; Ho, L.A.; Rose, KM.; Parks, C.G.; Cohn, R.D.; Jusko, T.A.; Walker, N.J.; Germolec, D.R.; Whitt, .Z.; et
al. Prevalence and sociodemographic correlates of antinuclear antibodies in the United States. Arthritis Rheum. 2012, 64, 2319—
2327.

Solans-Laque, R.; Perez-Bocanegra, C.; Salud-Salvia, A.; Fonollosa-Pla, V.; Rodrigo, M.].; Armadans, L.; Simeon-Aznar, C.P.;
Vilardell-Tarres, M. Clinical significance of antinuclear antibodies in malignant diseases: Association with rheumatic and con-
nective tissue paraneoplastic syndromes. Lupus 2004, 13, 159-164.

Eck, M.; Schmausser, B.; Kerkau, T.; Greiner, A.; Kraus, M.; Fischbach, W.; Miiller-Hermelink, H.K. Autoantibodies in gastric
MALT-type lymphoma. Ann. Oncol. 2003, 14, 1153-1154.

Zadori, N.; Németh, D.; Szako, L.; Vancsa, S.;Vorhendi, N.; Szakdcs, Z.; Frim, L.; Hegyi, P.; Czimmer, ]J. Prevalence of Autoim-
mune-phenomena behind Chronic Gastritis of Unknown Origin, and their Role in the Poor Histological Outcome of the Stom-
ach: A Single-centre, Retrospective Cross-sectional Study. J. Gastrointestin. Liver Dis. 2022, 31, 168-175.

Tektonidou, M.G.; Anapliotou, M.; Vlachoyiannopoulos, P.; Moutsopoulos, H.M. ; Presence of systemic autoimmune disorders
in patients with autoimmune thyroid diseases. Ann. Rheum. Dis. 2004, 63, 1159-1161.

Siriwardhane, T.; Krishna, K.; Ranganathan, V.; Jayaraman, V.; Wang, T.H.; Bei, K.; Rajasekaran, ].J.; Krishnamurthy, H. Explor-
ing systemic autoimmunity in thyroid disease subjects. J. Immunol. Res. 2018, 2018, 6895146.
https://doi.org/10.1155/2018/6895146.

Meier, H.C.S,; Miller, F.W.; Dinse, G.E.; Weinberg, C.R.; Cho, C.C.; Parks, C.G. Helicobacter pylori seropositivity is associated
with antinuclear antibodies in US adults, NHANES 1999-2000. Epidemiol. Infect. 2020, 148, e20.

Satoh, M.; Tanaka, S.; Ceribelli, A.; Calise, S.J.; Chan, E.K.L. A Comprehensive Overview on Myositis-Specific Antibodies: New
and Old Biomarkers in Idiopathic Inflammatory Myopathy. Clin. Rev. Allergy Immunol. 2017, 52, 1-19.
https://doi.org/10.1007/s12016-015-8510-y.

Hanke, K; Briickner, C.S.; Dahnrich, C.; Huscher, D.; Komorowski, L.; Meyer, W.; Janssen, A.; Backhaus, M.; Becker, M.; Kill,
A. Antibodies against PM/Scl-75 and PM/Scl-100 are independent markers for different subsets of systemic sclerosis patients.
Arthritis Res. Ther. 2009, 11, R22. https://doi.org/10.1186/ar2614.

Wielosz, E.; Dryglewska, M.; Majdan, M. The prevalence and significance of anti-pm/scl antibodies in systemic sclerosis. Ann.
Agric. Environ. Med. 2021, 28, 189-192.

DeWane, M.E.; Waldman, R; Lu, J. Dermatomyositis: Clinical features and pathogenesis. J. Am. Acad. Dermatol. 2020, 82, 267—
281.

Azuma, K.; Yamada, H.; Ohkubo, M.; Yamasaki, Y.; Yamasaki, M.; Mizushima, M.; Ozaki, S. Incidence and predictive factors for
malignancies in 136 Japanese patients with dermatomyositis, polymyositis and clinically amyopathic dermatomyositis. Mod.
Rheumatol. 2011, 21, 178-183.

Rusak, E.; Chobot, A.; Krzywicka, A.; Wenzlau, J. Anti-parietal cell antibodies— Diagnostic significance. Adv. Med. Sci. 2016, 61,
175-179.

Lenti, M.V.; Miceli, E.; Vanoli, A.; Klersy, C.; Corazza, G.R.; Di Sabatino, A. Time course and risk factors of evolution from
potential to overt autoimmune gastritis. Dig. Liver Dis. 2022, 54, 642—-644.

Cabrera de Ledn, A.; Almeida Gonzalez, D.; Almeida, A.A.; Hernandez, A.G.; Perez, M.C.; Perez, M.D.R.; Guillen, V.G.; Diaz,
B.B. Factors associated with parietal cell autoantibodies in the general population. Immunol. Lett. 2012, 147, 63-66.

Tiberti, C.; Panimolle, F.; Borghini, R.; Montuori, M.; Trovato, C.M.; Filardi, T.; Lenzi, A.; Picarelli, A. Type 1 diabetes, thyroid,
gastric and adrenal humoral autoantibodies are present altogether in almost one third of adult celiac patients at diagnosis, with
a higher frequency than children and adolescent celiac patients. Scand. |. Gastroenterol. 2020, 55, 549-554.

Goldenring, J. No H. pylori, no adenocarcinoma for patients with autoimmune gastritis. Gut 2023, 72, 1-2.

Waldum, H.L. Conclusion that autoimmune gastritis does not predispose to gastric cancer is unproven. Gut 2023.
https://doi.org/10.1136/gutjnl-2022-329323.

Butt, J.; Lehtinen, M.; Ohman, H.; Waterboer, T.; Epplein, M. Association of Helicobacter pylori and Autoimmune Gastritis with
Stomach Cancer in a Cohort of Young Finnish Women. Gastroenterology 2022, 163, 305-307.e4. https://doi.org/10.1053/].GAS-
TRO.2022.03.012.



Diagnostics 2023, 13, 1599 11 of 11

43.

44.

45.

46.

47.

48.

49.
50.

51.

Rugge, M.; Bricca, L.; Guzzinati, S.; Sacchi, D.; Pizzi, M.; Savarino, E.; Farinati, F.; Zorzi, M.; Fassan, M.; Dei Tos, A.P. Autoim-
mune gastritis: Long-Term natural history in naive Helicobacter pylori-negative patients. Gut. 2022, 72, 30-38.
https://doi.org/10.1136/gutjnl-2022-327827.

Fong, T.L.; Dooley, C.P.; Dehesa, M.; Cohen, H.; Carmel, R.; Fitzgibbons, P.L.; Perez-Perez, G.I.; Blaser. M.]. Helicobacter pylori
infection in pernicious anemia: A prospective controlled study. Gastroenterology 1991, 100, 328-332.

Presotto, F.; Sabini, B.; Cecchetto, A.; Plebani, M.; De Lazzari, F.; Pedini, B.; Betterle, C. Helicobacter pylori Infection and Gastric
Autoimmune Diseases: Is There a Link? 2003, 8, 578-584.

Kotera, T.; Nishimi, Y.; Kushima, R.; et al. Regression of Autoimmune Gastritis after Eradication of Helicobacter pylori. Case Rep.
Gastroenterol. 2023, 17, 34-40.

Ito, M.; Haruma, K.; Kaya, S.; Kamada, T.; Kim, S.; Sasaki, A.; Sumii, M.; Tanaka, S.; Yoshihara, M. et al. Role of Anti-Parietal
Cell Antibody in Helicobacter pylori-associated Atrophic Gastritis: Evaluation in a Country of High Prevalence of Atrophic Gas-
tritis. 2002, 37, 287-293. https://doi.org/10.1080/003655202317284183.

Wang, L.; Cao, Z.M.; Zhang, L.L.; Dai, X,; Liu, Z.; Zeng, Y.; Li, X.; Wu, Q.; Lv, W. Helicobacter pylori and Autoimmune Diseases:
Involving Multiple Systems. Front. Immunol. 2022, 13, 833424. https://doi.org/10.3389/fimmu.2022.833424.

Hasni, S.A. Role of Helicobacter pylori infection in autoimmune diseases. Curr. Opin. Rheumatol. 2012, 24, 429-434.

Chapelle, N.; Péron, M.; Mosnier, J.F.; Quénéhervé, L.; Coron, E.; Bourget, A.; Cauchin, E.; Touchefeu, Y. ; Matysiak-Budnik, T.
Prevalence, Characteristics and Endoscopic Management of Gastric Premalignant Lesions in France. Dig. Dis. 2020, 38, 286—292.
Altayar, O.; Davitkov, P.; Shah, 5.C.; Gawron, A.; Morgan, D.; Turner, K.; Mustafa, R. AGA Technical Review on Gastric Intes-
tinal Metaplasia—Epidemiology and Risk Factors. Gastroenterology 2020, 158, 732-744.e16.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



