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Somatic mutations of mitochondrial DNA (mtDNA) are associated with various types of human cancer. To
elucidate their role in gastric carcinogenesis, we analyzed mutations in the displacement loop region of mtDNA
in 24 paraffin-embedded gastric intraepithelial neoplasias (formerly dysplasia) from a high gastric cancer risk
area in northern Italy. Helicobacter pyloriinfection was assessed by histological examination (Giemsa staining).
Gastritis was classified according to the guidelines of the Updated Sydney System. The mtDNA displacement
loop region was amplified and sequenced from gastric intraepithelial neoplasia samples and adjacent non-
neoplastic gastric mucosa. The gastric intraepithelial neoplasias were divided into two groups by their
association with H. pylori gastritis. Group A with lesions arising on a background of H. pylori-positive gastritis
contained 7 patients, and group B with lesions associated with H. pylori-negative gastritis contained 17
patients. Group A had a larger proportion of high-grade lesions than group B and showed a foveolar phenotype
(type Il dysplasia). Group B had a larger proportion of cases with mtDNA displacement loop region mutations
than group A (P=0.004, Fisher’'s exact test) and exhibited an intestinal phenotype. No evidence of
heteroplasmic variants in the mtDNA displacement loop, suggestive of mutations, was detected in gastric
biopsies from 25 H. pylori-negative subjects and 60 cancer-unaffected H. pylori-positive patients. These results
provide further evidence for the morphologic and mtDNA biomolecular differences of gastric intraepithelial
neoplasias, and suggest the existence of two distinct pathways to gastric cancer—corpus-dominant H. pylori

gastritis and the atrophy—-metaplasia pathway.
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As in all eukaryotes, the genetic information of
human cells is separated into two interdependent
genomes. First, the nucleus contains the diploid
genome of approximately six billion base pairs (bp),
a small fraction of which codes for 35—-70 000 genes."
Second, within each cell, there are up to 1000
mitochondria, each harboring a few copies of
compact double-stranded circular mitochondrial
DNA (mtDNA). The human mtDNA molecule spans
16 569 bp and contains 37 genes, of which 13 encode
enzymes of the oxidative phosphorylation system,
22 encode tRNAs, and 2 encode the 2 types of

Correspondence: Professor RA Caruso, MD, Dipartimento di
Patologia Umana, Policlinico Universitario, 1-98125 Messina,
Italy.

E-mail: rosariocaruso@tin.it

Received 05 March 2007; revised 16 October 2007; accepted 21
October 2007; published online 18 April 2008

rRNAs."* Based on their guanine (G) content, the
two complementary strands of mtDNA are desig-
nated heavy (H) and light (L) strands. The guanine-
rich H-strand encodes 28 of the 37 genes, with the
remaining genes encoded by the L-strand.”? A non-
coding control region spanning nucleotide positions
(np) 16024 to np 576 contains three well-characteri-
zed hypervariable regions (HVRI: np 16024 to np
16365; HVRII: np 73 to np 340; and HVRIIL: np 438
to np 576) and includes the origin of replication of
one strand, a displacement loop (D-loop) region, and
both origins of transcription. mtDNA replication
and transcription are linked because RNA trans-
cripts initiated at the L-strand promoter function as
primers for mtDNA replication at the H-strand
origin.>””

mtDNA is believed to be more susceptible to DNA
damage than nuclear DNA and consequently
acquires mutations at a higher rate. Several possible
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factors may account for enhanced susceptibility to
damage, including exposure to high levels of
reactive oxygen species (ROS) during oxidative
phosphorylation, lack of protective histones, and
deficient DNA repair.® It is as yet unclear how an
mtDNA variant genome expands and replaces the
wild-type mtDNA. Sometimes, more than one
mtDNA variants occur within a single cell, tissue,
or organism, a condition termed heteroplasmy, as
opposed to homoplasmy, which indicates the pre-
sence of one single mtDNA species.®

mtDNA is frequently mutated in different types of
cancer, including 16-51% of gastric carcinomas.***°
mtDNA mutations may be associated with altered
expression and activity of respiratory chain subunits
and glycolytic enzymes, decreased oxidation of
NADH-linked substrates, and altered mtDNA con-
tent."* This suggests a potential role of mtDNA in
carcinogenesis. Although alterations may occur
throughout the mtDNA sequence, a number of
studies suggest that the D-loop, the regulatory
region, is a hot spot for mutations that might alter
the rate of DNA replication by modifying the
binding affinity of important trans-acting factors.?***

Gastric cancers have been classified histologically
into intestinal and diffuse types based on the
glandular formations described by Lauren,”” and
these two types correspond to the differentiated and
undifferentiated types described by Nakamura
et al.®® Recently, a new classification of gastric
carcinomas based on mucin expression was pro-
posed.**?*® Gastric carcinomas were classified as of
gastric or intestinal phenotype on the basis of mucin
expression by surface mucous cells, glandular
mucous cells, and intestinal columnar and goblet
cells. The differentiated (intestinal)-type tumor was
thought to display a predominantly intestinal
phenotype because it is preceded by a precancerous
stage characterized by the sequential steps of
atrophic gastritis, intestinal metaplasia, intraepithe-
lial neoplasia (GIN) (formerly dysplasia), and
intramucosal carcinoma.?**¢ However, it has become
clear through mucin histochemical or immunohisto-
chemical studies that some differentiated (intesti-
nal)-type adenocarcinomas arise from gastric
mucosa without intestinal metaplasia and display
gastric phenotypes.** Parallelly, GIN has been
recently classified as intestinal (or adenomatous,
because it resembles colonic adenoma, or type I), the
most frequent type, or the rarer foveolar (or gastric
type or type II).?>=%° GINs of intestinal phenotype are
formed by dysplastic intestinal-type epithelium that
comprises a mixture of goblet cells with intestinal
mucin, whereas GINs of foveolar phenotype are
entirely formed by dysplastic foveolar-type epithe-
lium.>*%°

Helicobacter pylori infection causes chronic gas-
tritis and is associated with the development of
peptic ulcer disease, gastric carcinoma, and MALT
lymphoma.®"** Investigations of gastritis in patients
with advanced and early carcinomas and in relatives
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of gastric carcinoma patients have shown that these
subjects often have a corpus-dominant gastritis.**=*°
In contrast, patients with H. pylori gastritis and
duodenal ulcer, who almost never develop gastric
cancer, have an antrum-dominant gastritis.?*3¢
Specimens from patients with advanced cancer
are not ideal for histogenetic studies, as tumor
growth may obliterate areas that could be relevant
for classification (eg, intestinal metaplasia, corpus-
predominant gastritis, and gastric atrophy).** There-
fore, to obtain information on the histogenesis of
gastric carcinoma, we studied the phenotypes of 24
GINs and evaluated the features of gastritis using the
Updated Sydney System.*” Mutations in the D-loop
region of mtDNA were also analyzed and their
implications for gastric carcinogenesis discussed.

Materials and methods
Patients and Lesions

Pathology files were searched for patients who
underwent gastric resection in which ‘adenoma’ or
‘dysplasia’ or ‘borderline lesion’ was reported in
the diagnosis. Gastric biopsies from 25 H. pylori-
negative normal subjects and 60 cancer-unaffected
H. pylori-positive patients were also studied. In
these cases, four mucosal biopsies were obtained
from each patient: two from the antrum and two
from the corpus. All cases were retrospectively
identified in Cremona, a high-risk area for gastric
cancer in northern Italy, between 1980 and 2000.
Information from chart reviews and clinicians was
obtained to determine demographic data and tumor
sites. To our knowledge, these patients did not
receive eradication therapy before gastrectomy.

Histopathological Assessment of GIN

By definition, the histological diagnosis of GIN was
restricted to the cases that showed both altered
glandular architecture and abnormalities in cytology
and differentiation, but it lacked any (even doubtful)
infiltrating feature. GINs synchronous to advanced
gastric carcinomas were excluded from this study. In
addition, several cases that showed infiltrating
adenocarcinoma adjacent to dysplastic epithelium
were excluded because it was not possible to
distinguish histologically between GIN and intra-
epithelial growth of adenocarcinoma. Finally, seven
cases were excluded because the slides and blocks
could not be retrieved from the files.

GIN was categorized as either high or low grade
according to both the Vienna®* and WHO?®® classifi-
cations. Briefly, low-grade lesions showed elon-
gated, hyperchromatic, and crowded nuclei with
mild pseudostratification. Cribriform architecture,
marked glandular crowding, full-thickness nuclear
stratification, and/or severe cytologic atypia were
criteria for high-grade GIN. GINs were also classified



as intestinal type (formed by intestinal-type epithe-
lium containing goblet and Paneth cells) or foveolar
type (lined entirely by gastric mucous cells showing
vesicular nuclei with increased nuclear/cytoplasmic
ratio, prominent nucleoli, nuclear stratification, and
numerous mitoses).’® Usually, the histological
diagnosis of GIN does not include the so-called
tubule neck dysplasia, which is believed to repre-
sent the precancerous lesion of diffuse-type gastric
cancer.?® This lesion is not readily recognizable and
constitutes a controversial entity.?° Thus, the histo-
logical diagnosis of GIN was restricted to conven-
tional cases showing intestinal or foveolar
phenotype.?**° The final study population therefore
consisted of 24 GINs (from 24 patients).

Assessment of Gastritis and H. pylori Infection

Longitudinal sections for histology were systema-
tically obtained from the primary gastric cancer
specimen and from the cancer-unaffected gastric
mucosa of the antrum and corpus along the lesser
curvature and the anterior or posterior wall along
the greater curvature. The extensive sampling
protocol allowed characterization of the gastritis
phenotype, also decreasing the likelihood of false-
negative H. pylori cases. We further examined
non-neoplastic mucosa adjacent to GIN, defined as
GIN periphery. Surgically resected material for
histology was fixed in 10% formalin and embedded
in paraffin. Four-micrometer sections were stained
with hematoxylin—eosin for histological examina-
tion and with Giemsa stain for H. pylori identifica-
tion under high-power view ( x 10 ocular and x 40
objective). Gastritis was analyzed in accordance
with the Updated Sydney System,’” with the
exception of H. pylori density, and was simply
noted as present or absent. In particular, we
evaluated medians of gastritis score on a scale from
0 to 3 for the following four items: (1) neutrophil
activity; (2) degree of chronic inflammation; (3)
degree of glandular atrophy; and (4) degree of
intestinal metaplasia.’” Acute gastritis was further
subclassified into acute epithelial and interstitial
gastritis. The former, that is, acute foveolitis, was
defined as present when at least one of the following
three histopathological criteria were fulfilled: (1) an
aggregate of more than 5 neutrophils within a pit; (2)
more than 10 neutrophils infiltrating a pit circum-
ferentially; and/or (3) an inflammatory exudate
with more than 5 neutrophils in the lumen.*
Intestinal metaplasia was evaluated by alcian
blue-PAS stain.

In three cases of GIN, gastric mucosa specimens
were also obtained in the operating room for
immediate fixation in 3% phosphate-buffered gluta-
raldehyde (pH 7.4) and post-fixed in 1% osmium
tetroxide. Semi-thin araldite-embedded sections
were stained with Giemsa’s reagent for fine
analysis.
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Grouping of Lesions by H. pylori Infection

GINs were divided into two groups by their
association with H. pylori gastritis. Group A with
lesions arising in a background of H. pylori-positive
gastritis contained 7 patients, and group B with
lesions associated with H. pylori-negative gastritis
contained 17 patients.

Analysis of the mtDNA D-Loop

mtDNA was extracted from 24 samples of paraffin-
embedded GIN and adjacent non-neoplastic gastric
tissue containing normal-appearing mucosa and/or
focal areas of intestinal metaplasia. Furthermore, to
verify the occurrence of heteroplasmies in normal
gastric mucosa or due to the possible mutagenic role
of H. pylori infection and/or inflammatory pro-
cesses, mtDNA was extracted from paraffin-em-
bedded gastric biopsies from 25 H. pylori-negative
normal subjects and 60 cancer-unaffected H. pylori-
positive gastritis patients of the same geographic
area. Three to five 10-um-thick sections were
deparaffinized and manually microdissected under
a dissecting microscope to separate neoplastic from
non-neoplastic tissue using a hematoxylin- and
eosin-stained step section as a guide. Total DNA
was extracted using the QIAamp Tissue kit (Qiagen,
Hilden, Germany) with standard protocols. Over
1200bp of mtDNA, including the D-loop region,
were amplified by nested PCR wusing primers
L15990-H617. Four overlapped nested PCRs were
performed using primers L15990-H16434, L16431-
H162, 1L039-H407, and L361-H617 (Table 1). The
total volume of the external PCR mixtures was
20pl, including 1p4l of the primers L15990-H617
(20pmol/ul), 2 ul of 10 x PCR buffer, 2 ul of dNTPs
(2nmol/l), 0.3ul of Taq polymerase (5U/ul)
(Eurotaq; Euroclone Life Sciences Division, UK),
and 100 ng of extracted DNA. PCRs were carried out
using a GeneAmp PCR System 2700 (Applied
Biosystems, CA, USA). PCR conditions included
initial denaturation at 94°C for 5 min followed by 30

Table 1 Primers for amplification of the mtDNA D-loop region

Nucleotide sequence

Primers, external PCR
L15990 5-TTAACTCCACCATTAGCACC-3’
H617 5-GATGTGAGCCCGTCTAAAC-3’

Primers, nested PCR
L15990 5-TTAACTCCACCATTAGCACC-3'
H16434 5-AGCGAGGAGAGTAGCACTC-3'
L16431 5-GTGAAATCAATATCCCGCAC-3’
H162 5-TGTAATATTGAACGTAGGTGCG-3'
L039 5-AGGTCTATCACCCTATTAACCACTCACGGGAGC-3'
H407 5-TGACTGTTAAAAGTGCATACCG-3'
L361 5-ACAAAGAACCCTAACACCAGC-3’
H617 5-GATGTGAGCCCGTCTAAAC-3’
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cycles of 94°C for 30s, 57°C for 45s, and 72°C for
30s. Final extension was at 72°C for 7 min. The total
volume of the internal PCR mixture was 40 ul,
including 1 ul of each primer (20 pmol/ul), 4 ul of
10 x PCR buffer, 4 ul of dNTPs (2 nmol/1), 0.3 ul of
Taqg polymerase (5U/ul) (Eurotaq; Euroclone Life
Sciences Division), and 4 ul of the external PCR
product. PCR conditions for all nested segments
were as for external PCR, except for annealing
temperature and number of cycles, which were
58°C and 20, respectively. Amplified fragments were
visualized after electrophoresis on ethidium bro-
mide-stained 2.0% agarose gels.

PCR products were purified with an instant PCR
product purification kit (Millipore Corporation, MA,
USA) and directly sequenced using the ABI-PRISM
Big Dye™ Terminator version 3.0 Cycle Sequencing
Ready Reaction kit (Applied Biosystems). Sequen-
cing products were purified using DyeEx Spin kits
(Qiagen) and visualized on an ABI-PRISM 310
Genetic Analyzer (Applied Biosystems).

Taking the mtDNA D-loop from the Anderson
sequence’ as reference, a comparison was made
between the sequences of GINs and those of adjacent
non-neoplastic tissue. When the mtDNA D-loop
sequence from a GIN sample differed from that
obtained from a matched non-neoplastic gastric
tissue, the alteration was regarded as a somatic
mutation. Heteroplasmies in the mtDNA sequences
amplified from gastric biopsies of 60 cancer-
unaffected H. pylori-positive gastritis patients and
25 H. pylori-negative normal subjects were also
regarded as evidence of somatic mtDNA mutations.
The obtained mtDNA sequences were compared to

Table 2 Clinicopathologic findings in 24 GIN cases

those in the mtDNA databank (http://www.mitomap.
org/). Mutations were always independently
confirmed on replicate DNA samples from the same
case and using forward and reverse primers for
sequencing.

Statistical Analysis

Statistical analysis was performed using STATA
software (version 8.0; STATA Corporation, College
Station, TX, USA). For categorical data, the two
groups were compared with the use of the Fisher
exact test. P<0.05 indicated statistical significance.

Results

This study included 12 solitary GINs, 8 GINs
synchronous to early gastric carcinomas, and 4 GINs
associated with gastric ulcers, all from surgical
resection specimens. The main clinicopathologic
findings of the 24 patients with GIN are summarized
in Table 2. The series of GIN cases included 17 male
and 7 female patients, with a median age of 70 years
(range: 50-83 years). Eleven of the 24 GINs were
situated in the antrum and 13 in the body. No
patient had familial adenomatous polyposis.

After nucleotide sequencing of the mtDNA
D-loop, we detected nucleotide changes in GIN
cases by comparison with the sequence from the
adjacent non-neoplastic gastric tissue. The nucleo-
tide variants were compared to those in the mtDNA
databank (http://www.mitomap.org/) to verify those
already described as tumor-associated mutations. We

Patient no. Gender Age (years) Site Association mtDNA mutation GIN grade H. pylori
1 F 68 Antrum EGC Absent High Present
2 F 65 Antrum EGC Absent High Present
3 M 70 Antrum EGC Absent High Present
4 M 68 Body EGC Absent High Present
5 M 60 Antrum Absent Absent High Present
6 F 75 Body EGC Present Low Present
7 M 50 Body EGC Absent High Present
8 M 71 Antrum Gastric ulcer Present Low Absent
9 M 78 Body Absent Present Low Absent

10 M 70 Body Absent Present Low Absent

11 M 51 Body Absent Present High Absent

12 M 69 Body Absent Present Low Absent

13 F 60 Body Absent Present Low Absent

14 F 75 Antrum Gastric ulcer Present High Absent

15 M 72 Body Gastric ulcer Present Low Absent

16 M 60 Antrum Gastric ulcer Present Low Absent

17 M 60 Antrum Absent Present Low Absent

18 M 80 Body EGC Present Low Absent

19 M 62 Body Absent Present Low Absent

20 M 75 Body Absent Present Low Absent

21 F 70 Body Absent Present High Absent

22 M 67 Antrum Absent Absent Low Absent

23 M 78 Antrum Absent Absent Low Absent

24 F 83 Antrum EGC Absent Low Absent

EGC = early gastric cancer.
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Table 3 Summary of mtDNA D-loop mutations in 15 GINs
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Table 4 Clinicopathologic features of group A and B GIN cases

Patient number np Mutation

6 16004 G> A transition

8b 16013 A >C transversion

9° 16045 T > G transversion
10° 16380 C>T transition
112 579 T>G transversion
122 13 A>G transition
13* 12 12.1 insA
14° 16495 C>T transition
15° 559 C>T transition
16° 10 T >G transversion
17 16495 C>T transition
18* 16515 A >G transition
19° 552 C>G transversion
20° 16510 A>G transition
217 572 C>G transversion

Total number of mtDNA mutations: 14.
a . .

Heteroplasmic mutation.
bHomoplasmic mutation.

found that 15/24 (62%) GINs harbored mtDNA
D-loop variants not detectable in adjacent non-
neoplastic mucosa (Table 3). The variants manifested
in 14/15 cases as heteroplasmies, being associated
with the sequence present in matched gastric
mucosa. The absence of such mutations in the
adjacent mucosa was also confirmed in the cases
in which focal areas of intestinal metaplasia
were histologically detected in the adjacent non-
neoplastic mucosa. No evidence of heteroplasmic
mtDNA sequence variants was found in the biopsy
specimens of the 25 H. pylori-negative subjects
and of the 60 cancer-unaffected H. pylori-positive
gastritis patients.

The mtDNA D-loop mutations detected in GINs
included a G> A transition at np 16004; an A>C
transversion at np 16013; a T>G transversion at np
16045; a C>T transition at np 16380; a C>T
transition at np 16495 (two cases); an A>G transi-
tion at np 16510; an A>G transition at np 16515; a
T > G transversion at np 10; a 1-bp insertion at np 12
(12.1 insA); an A>G transition at np 13; a C>G
transversion at np 552; a C>G transversion at np
572; a T>G transversion at np 579; and a previously
described C>T transition at np 559. Notably, 6/15
mutations (40%) were transversions. Only the A>C
mutation at np 16013 was homoplasmic. Mutations
were dispersed across the D-loop region, with no
evidence of hot spots, except for the heteroplasmic
transition at np 16495, detected in two cases.

The main clinicopathologic findings of groups A
and B are summarized in Table 4. There were no
significant differences between the two groups in
age, sex or gastric location.

In the seven patients with H. pylori infection
(group A), GINs showed foveolar phenotype
(Figures 1 and 2) and presented as high-
grade lesions (P=0.004). By contrast, in the 17
H. pylori-negative cases (group B), GINs presented

Clinicopathologic Group A, Group B, P-value
features H. pylori-positive H. pylori-negative
gastritis (n=7)  gastritis (m=17)
Age (vears)
<70 5 9 —
>70 2 <] NS
Gender
Male 4 13 —
Female 3 4 NS
Location
Antral 4 7 —
Body 3 10 NS
Low grade 1 14 —
High grade 6 3 0.004
D-loop mutations 1 14 0.004

as low-grade lesions (P=0.004), resembled colonic
adenomas, and exhibited an intestinal phenotype
(Figure 3). The D-loop mutations were significantly
associated with group B (P=0.004). Four GINs that
were associated with gastric ulcer occurred in
atrophic/metaplastic mucosa (group B) (Table 2).

The histology of GIN periphery is compared in
Table 5. Grades for neutrophilic activity were more
advanced in group A than in group B patients
(P=0.04). In particular, acute foveolitis was more
frequently present in group A (P=0.01). Represen-
tative photomicrographs of acute foveolitis at the
GIN periphery are shown in Figure 2. Grades for
chronic inflammatory infiltrate and glandular atro-
phy were not different between the two groups.
However, the scores for intestinal metaplasia for
antral and corporal mucosa tended to be higher in
group B than in group A patients.

As an extended gastric resection was performed in
our GIN cases, we could assess both corporal and
antral mucosa in these cases. The comparison of the
background mucosa of the cases is shown in Table 6.
The score for neutrophil infiltration tended to be
higher in group A than in group B (P=0.04). In
addition, acute foveolitis in the antrum (P<0.01) or
corpus (P<0.001) was more frequently present in
group A than in group B (Figure 2). These data
suggest the diagnosis of pan-gastritis (corpus-domi-
nant gastritis) in group A patients. The degree of
chronic inflammatory infiltrates, atrophy, and in-
testinal metaplasia was not different between the
two groups at any sites of the stomach.

Discussion

Our data show that the GIN groups A and B are
characterized by morphologic differences. Group A
GINs presented as high-degree lesions (P=0.004)
and were characterized by gastric phenotype (type II

Modern Pathology (2008) 21, 733-741
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Figure 1 Group A GIN. (a) Foci of high-grade intraepithelial
neoplasia with gastric phenotype. A prominent lymphoid follicle
with germinal center is present in the deep mucosa. H&E, x 100.
(b) Higher magnification of panel a. High-grade GIN is character-
ized by cribriform architecture, marked glandular crowding, full-
thickness nuclear stratification, and open nuclei with prominent
nucleoli. Note the intraglandular necrotic debris and/or neutro-
phils in areas of GIN. H&E, x 800.

dysplasia).?”*° Group B GINs showed intestinal
phenotype and presented mainly as low-grade
lesions (P<0.004).

H. pylori was not morphologically detectable in
group B patients. Furthermore, H. pylori was not
found in metaplastic gastric mucosa, where inflam-
matory changes diminish. Therefore, it is possible
that the high incidence of atrophic gastritis in group
B might reflect a ‘burned out’ mucosa as a response
to long-lasting severe H. pylori gastritis.** Instead,
group A patients did not reach complete atrophic
gastritis before surgery, and showed an active
corpus-dominant gastritis (so-called gastritis of the
carcinoma phenotype).?**%** On the other hand,
H. pylori gastritis is characterized by acute foveolitis
of the proliferative zone, which is found in any stage
of gastritis as long as infection persists. Because
acute foveolitis targets specifically the proliferative

Modern Pathology (2008) 21, 733-741
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Figure 2 Group A patients. GIN periphery. (a) Neutrophil
aggregates infiltrating the mucous neck epithelium circumferen-
tially. Bizarre mitotic figure is present in the neck region. Semi-
thin section: Giemsa stain, x 800. (b) Aggregates of more than five
neutrophils within the mucous neck epithelium. H&E, x 200.

zone of pits, the proliferating epithelial cells are
under severe and persistent mutagenic pressure.*®
Thus, it is possible that the histogenesis of GINs in
group A patients is related to active H. pylori
gastritis, as also suggested by the high incidence of
acute foveolitis in the antral and corporal mucosa.
Our results indicate that 15 (62.5%) of the 24
tested GINs exhibit somatic point mutations in the
mtDNA D-loop region, mostly present as hetero-
plasmies, probably due to the presence of stromal
and inflammatory cells carrying the wild-type
mtDNA D-loop sequence. The tumor-associated
variants were not found in matched adjacent non-
neoplastic gastric tissue and most likely represent
somatic mutations associated with GIN develop-
ment.*? Furthermore, the association between muta-
tions and cancer is strengthened by the fact that no
heteroplasmic mtDNA sequence variants were
found in biopsy specimens of H. pylori-negative
subjects and of H. pylori-positive cancer-unaffected
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Figure 3 Group B GIN. (a) Low-grade GIN with intestinal
phenotype showing mild architectural abnormality with little
branching or irregularity. A few small goblet cells are scattered
among columnar cells showing elongated nuclei. H&E, x 200.
(b) Atrophic/metaplastic mucosa next to GIN. H&E, x 200.

Table 5 Degree of gastritis at the GIN periphery

Group A, 7 Group B, 17  P-value
patients patients
Neutrophil activity 3 0 0.04
Chronic inflammation 3 1 NS
Atrophy 1 2 NS
Intestinal metaplasia 1 3 NS
Acute foveolitis 717 1/17 0.01

patients from the same high-risk area. However, as
our study was retrospective and was performed only
in paraffin-embedded gastric tissues, it is possible
that the homoplasmic somatic mutations present in
gastric tissues independently of tumor develop-
ment, which would have been highlighted
while analyzing DNA from blood samples, escaped
detection.

Gastric intraepithelial neoplasia
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Table 6 Grading of gastritis within the background mucosa

Corpus Antrum
Group A Group B Group A Group B
m=7) m=17) m=7) m=17)

Neutrophil activity 3* 0* 3** 0**
Chronic 2 1 2 1
inflammation
Atrophy 1 2 1 3
Intestinal 0 3 1 3
metaplasia
Acute foveolitis 7" 0" 7" 1™

*P=0.04; **P=0.04; "P=0.001; ""P=0.01.

A significant fraction of the detected mtDNA
mutations consisted of transversions, which could
be related to alkyl adducts or oxidative damage.*
ROS are produced as part of the inflammatory
reaction stimulated by H. pylori** However, we
were unable to find any relationship between
H. pylori-positive GINs and mtDNA mutations. On
the other hand, similar mtDNA alterations have
been observed in colorectal carcinoma,**** which
seems to develop irrespective of H. pylori infection.
Thus, our findings would exclude the responsibility
of H. pylori-mediated damage in the induction of the
observed mtDNA transversions.

Instead, we found a significative correlation
between group B GINs and mtDNA D-loop muta-
tions (P=0.004). Group B lesions would therefore
appear as distinct neoplasms in which mtDNA
somatic mutations could play a role. The detected
mutations target the D-loop, a structurally and
functionally important region that, although non-
coding, is responsible for the regulation of mtDNA
replication and transcription. Although the signifi-
cance of mutations in the D-loop region has not yet
been elucidated and some authors hypothesized that
they may simply be markers of clonal growth, rather
than true functional alterations,*®*” such mutations
could affect mtDNA function and mitochondrial
energy supply, enhancing the production of ROS,
which could contribute to genetic injury, mutagen-
esis, and cancer.''192048-54 The inverse association
between group A GINs and mtDNA mutations must
be interpreted with caution because we cannot rule
out the possibility that the dense inflammatory
cellular infiltrate associated with H. pylori infection
might cause false-negative sequencing results by
diluting mtDNA sequences originating from cancer
cells.

The current study provides additional evidence
highlighting the morphologic and biomolecular
differences of GINs. The two GIN groups pro-
posed according to the histological assessment
of H. pylori infection (present/absent) have a
significant correlation with some of the additional
parameters studied, namely grade of dysplasia,
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foveolar/intestinal phenotype, acute foveolitis, and
mtDNA D-loop mutations. Furthermore, our data
suggest the presence of at least two histogenetic
pathways of gastric carcinoma. To a certain extent,
this parallels the situation in the large intestine
where alternative route exists.”® The first pathway
corresponds to the classic sequence of atrophy-—
metaplasia—GIN—carcinoma with intestinal pheno-
type.* The second is strictly associated with acute
foveolitis and corresponds to the alternative se-
quence hypothesis of corpus-dominant gastritis—
foveolar-type GIN—carcinoma with gastric pheno-
type, in which the relationship between inflamma-
tion and cancer has been recently developed.'"®
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