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Abstract

Background The differences in the growth morphology,

proliferative ability, and background mucosa of the cancer

between Helicobacter pylori (HP)-positive (HP?) gastric

cancer (GC) and HP-negative (HP-) GC are still unclear.

To clarify the differences, we compared the characteristics

of the two types of cancer.

Methods Of the 91 patients with undifferentiated-type

early GC who underwent endoscopic treatment at our

hospital between August 2005 and April 2011, 23 HP- GC

patients (all of whom had signet ring cell carcinoma

measuring 20 mm or less in diameter) and 46 HP? GC

patients with signet ring cell carcinoma measuring 20 mm

or less in diameter (out of a total of 68 HP? GC patients)

were enrolled in this study. Endoscopic atrophy and

background mucosa were classified according to the

updated Sydney system. The proliferative capacity of the

cancer was assessed by examining the MIB-1 labeling

index.

Results With regard to the growth in the mucosal layer, the

proportion of patients with cancer confined to the prolifer-

ative zone was significantly higher in the HP- GC group.

Moderate or severer atrophy, intestinal metaplasia, mono-

nuclear cell infiltration, and neutrophil infiltration according

to the updated Sydney system were significantly commoner

in the HP?GC patients. Also, theMIB-1 labeling index was

significantly higher in the HP? GC group.

Conclusion HP? GC appeared to show a higher prolif-

erative capacity, more extensive spread, and more rapid

progression, and inflammation associated with HP infec-

tion was suggested to be involved in the proliferation of

this type of GC.

Keywords Gastric cancer � Undifferentiated-type
carcinoma � Helicobacter pylori � Endoscopic
gastrointestinal surgery

Introduction

Most patients with gastric cancer (GC) have a positive test

result for Helicobacter pylori (HP) infection [1, 2]. Uemura

et al. [1] reported, on the basis of a 9-year prospective

study, that there were no cases of cancer among HP-neg-

ative (HP-) patients. However, later studies have shown

the existence of a small number of patients with HP- GC;

according to one report, an estimated 0.66 % of GC

patients test negative for HP infection [3]. An investigation

conducted at our hospital of patients who underwent

endoscopic submucosal dissection (ESD) also revealed the

existence of a small number of HP- GC patients.

According to a previous study, many of the HP- GC
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patients had undifferentiated-type cancer [3]. Differenti-

ated-type cancers include gastric cardia cancer, which is

difficult to differentiate from Barrett’s esophageal adeno-

carcinoma originating from short-segment Barrett’s

esophagus and gastric adenocarcinoma of the fundic gland

type. Gastric cardia cancer was excluded from this study

because the possibility of Barrett’s esophageal adenocar-

cinoma could not be completely ruled out, which could

potentially lead to the accumulation of incorrect data on

GC. No cases of gastric adenocarcinoma of the fundic

gland type were found during the study period. Therefore,

all patients in whom definite HP- GC was diagnosed at

our hospital had undifferentiated-type cancer (all of them

had signet ring cell carcinoma measuring 20 mm or less in

diameter). So far, the differences in cancer growth mor-

phology or background mucosa according to the presence/

absence of HP infection have not been investigated hist-

opathologically, and the differences in the characteristics

between HP-positive (HP?) GC and HP- GC are unclear.

Therefore, in this study, we extracted patients with undif-

ferentiated-type early GC with signet ring cell carcinoma

measuring 20 mm or less in diameter from among the HP-

GC patients and histopathologically compared them with

HP? GC patients with signet ring cell carcinoma mea-

suring 20 mm or less in diameter to clarify the differences

in the growth morphology, proliferative capacity, and

background mucosa between the two types of cancer.

Patients and methods

The purpose of this study was to clarify the differences in

the growth morphology of undifferentiated-type early GC

(signet ring cell carcinoma) in the mucosa, its proliferative

ability, and gastritis in the background mucosa between

HP? GC and HP- GC.

Ninety-one patients with undifferentiated-type early GC

underwent ESD at our institution between August 2005 and

April 2011. Of these, 23 HP- GC patients (all of who had

signet ring cell carcinoma measuring 20 mm or less in

diameter and intramucosal cancer) and 46 HP? GC

patients with signet ring cell carcinoma measuring 20 mm

or less in diameter, who had no history of eradication

therapy and intramucosal cancer (out of a total of 68

patients with undifferentiated HP? GC) were enrolled in

this study. HP- status was defined as the fulfillment of all

of the following six criteria: no history of eradication

therapy, negative result of the urea breath test, negative test

result for HP antibodies, negative result of the pepsinogen

test, endoscopically apparent regular arrangement of col-

lecting venules (RAC) in the lower gastric body as diag-

nosed by three specialists in gastrointestinal endoscopy,

and histological negativity for HP and inflammatory cell

infiltration. Yagi et al. [4] reported that in standard

endoscopy, RAC is visible as numerous minute red points

in the corpus of the noninfected stomach, which cannot be

visualized in HP gastritis. As a determinant of a normal

stomach without HP infection, the presence of RAC

showed 93.8 % sensitivity and 96.2 % specificity [5].

Moreover, Miki [6] reported that a positive pepsinogen test

result was significantly more likely in patients with HP?

gastritis than in those with HP- gastritis. Pepsinogen is a

serum marker of atrophic gastritis. HP status was defined as

positive if at least one of the aforementioned six criteria

was fulfilled. This study was approved by the Institutional

Review Board of the Cancer Institute Hospital (Institu-

tional Review Board no. 2013-1079).

Growth patterns in the mucosal layers were classified by

periodic acid–Schiff staining of the ESD specimens into

four categories: cancer limited to the proliferative zone,

cancer in the mucosal surface layer to the proliferative

zone, cancer present in the proliferative zone to the lower

layer of mucosa, and cancer growing in all layers (Fig. 1)

[7–9]. Atrophy was graded endoscopically according to the

Kimura–Takemoto classification [10]. For the assessment

of the background mucosa, histological grading of the ESD

specimens was performed according to the updated Sydney

system (USS) [11].

In addition, for investigation of the proliferative capac-

ity, immunostaining was performed by the surface-activated

bonding method using a mouse monoclonal antibody

against human Ki-67 antigen (MIB-1, DAKO), which is a

protein expressed in the cells of the proliferative cycle. The

proportion of cells positive for MIB-1 antibody in the tumor

cells was measured in two or more regions, with most fre-

quent labeling of the nuclei, and the mean value was cal-

culated to obtain the MIB-1 labeling index [12, 13], which

was used to assess the cell proliferative capacity (Fig. 2).

Statistical analysis

Fisher’s exact probability test was used to compare the two

groups. The means and standard deviations of the tumor

diameter and MIB-1 labeling index were calculated, and

differences between the two groups were tested by the t test

and F test, and when equal variances were not assumed,

Mann–Whitney’s U test was applied. The statistical sig-

nificance level was set at p\ 0.05. In addition, StatView,

version 5.0 (SAS Institute, Cary, NC, USA), was used for

the analysis.

Results

In relation to the patient characteristics, there were no

significant differences in the sex ratio or age between the
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two groups. The mean tumor diameter was significantly

smaller in the HP- GC group (5.4 ± 3.3 mm) than in the

HP? GC group (10.9 ± 5.0 mm) (p\ 0.05). With regard

to the growth in the mucosal layer, the proportion of

patients with cancer confined to the proliferative zone was

significantly higher in the HP- GC group (n = 19,

82.6 %) than in the HP? GC group (n = 14, 30.4 %)

(p\ 0.05). In contrast, the proportion of patients with

Fig. 1 Pathological growth patterns in undifferentiated-type cancer

(intramucosal cancer): a cancer limited to the proliferative zone,

b cancer present in the proliferative zone to the surface layer, c cancer

present in the proliferative zone to the lower layer of mucosa, and

d cancer present in all layers

Fig. 2 MIB-1 labeling index.

a Hematoxylin and eosin

staining (940). b Ki-67 staining

(MIB-1; 940). MIB-1 labeling

index was measured by the

proportion of cells positive for

MIB-1 antibody in the tumor

cells in regions where the nuclei

were labeled most frequently
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cancer growing in all the layers was significantly lower in

the HP- GC group (n = 1, 4.3 %) than in the HP? GC

group (n = 14, 30.4 %) (p\ 0.05) (Table 1).

Endoscopic atrophy was classified according to the

Kimura–Takemoto classification as the open and closed

types in 22 HP? GC patients (48.8 %) and 24 HP? GC

patients (52.2 %), respectively, whereas it was classified as

the closed type in all 23 HP- GC patients. Thus, the closed

type was found at a significantly higher frequency in the

HP- GC patients (p\ 0.0001) (Table 2).

Histological grading was performed according to the

USS to compare the background mucosa. The results

revealed that moderate or severer atrophy, intestinal

metaplasia, mononuclear cell infiltration, and neutrophil

infiltration were significantly more frequent in HP? GC

than in HP- GC (Table 3).

In addition, the MIB-1 labeling index was determined

by immunohistological assessment to determine the pro-

liferative capacity of the cancer. The MIB-1 labeling index

was significantly higher in the HP? GC group (22.94 ±

19.1 %) than in the HP- GC group (3.48 ± 6.65 %)

(p\ 0.0001) (Fig. 3).

Discussion

In this study, we extracted only HP- GC patients with

signet ring cell carcinoma measuring 20 mm or less in

diameter from among those with undifferentiated-type

early GC who underwent ESD at our hospital, and selected

HP? GC patients with signet ring cell carcinoma mea-

suring 20 mm or less in diameter as the control group.

Previous studies have investigated HP- GC, including

differentiated-type cancer, but it is difficult to reasonably

compare these studies with our study [3, 6].

In regard to the accuracy of determining HP- status,

some studies have referred to the incidence using only

histopathology [14] or only anti-HP antibodies and the

pepsinogen method [15], one determined it using anti-HP

antibodies and histopathology, endoscopic findings, the

pepsinogen method, and the urea breath test or the rapid

urease test [3], and yet another determined it on the basis of

histopathology, the rapid urease test, anti-HP antibodies,

and a history of eradication therapy [16]. In contrast, we

used six criteria [urea breath test results (negative), endo-

scopic findings, histopathology, pepsinogen test results,

presence of anti-HP antibodies, and history of eradication

therapy] in our study to select HP- patients. In some

patients, long after eradication, various test results become

negative, endoscopy shows RAC recovery, and histopa-

thological examination shows improvement of inflamma-

tion and regeneration of the fundic glands, which make it

difficult to differentiate these patients from those who have

not been infected with HP at all. Therefore, limiting the

analysis to patients without a history of eradication therapy

is likely to increase the accuracy of determining the HP-

status.

Table 1 Patient characteristics

HP? GC

(n = 46)

HP- GC

(n = 23)

p

Male/female 20:26 12:11 NS

Age (years) 58.7 ± 12.7 52.6 ± 8.4 NS

Tumor location

Upper 4 (8.7 %) 0 NS

Middle 27 (58.7 %) 12 (52.2) NS

Lower 15 (32.6 %) 11 (47.8) NS

Tumor depth

Mucosa 46 (100 %) 23 (100)

Submucosa 0 0

Lymphovascular invasion 0 0

Pathological growth patterns

Proliferative zone 14 (30.4 %) 19 (82.6 %) \0.05

Surface layer to

proliferative zone

15 (32.6 %) 3 (13.0 %) NS

Proliferative zone to

lower layer

3 (6.5 %) 0 NS

All layers 14 (30.4 %) 1 (4.3 %) \0.05

Maximum tumor

diameter (mm)

10.9 ± 5.0 5.4 ± 3.3 \0.05

HP? GC Helicobacter pylori-positive gastric cancer; HP- GC

Helicobacter pylori-negative gastric cancer; NS not significant

Table 2 Assessment of endoscopic gastritis according to the Kim-

ura–Takemoto classification

Endoscopic gastritis

Open type Closed type

HP? GC (n = 46) 22 (47.8 %) 24 (52.2 %)

HP- GC (n = 23) 0 23 (100 %)

HP? GC Helicobacter pylori-positive gastric cancer, HP- GC

Helicobacter pylori-negative gastric cancer

Table 3 Comparison of the background mucosa between Helico-

bacter pylori-positive gastric cancer (HP? GC) and Helicobacter

pylori-negative gastric cancer (HP- GC)

HP? GC HP- GC p

Atrophy 43.5 % (20/46) 0 % (0/23) \0.0001

Intestinal metaplasia 19.6 % (9/46) 0 % (0/23) \0.05

Neutrophils 30.4 % (14/46) 0 % (0/23) \0.005

Mononuclear cells 67.4 % (31/46) 4.3 % (1/23) \0.0001

Updated Sydney system—moderate to marked
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In regard to the patient characteristics, there were no

significant differences in the sex ratio or age between the

HP? GC and HP- GC groups. According to our hospital

data, undifferentiated-type early GC is common in young

women, although the presence/absence of HP infection was

not determined [17]. A study comparing patients with and

without HP infection reported that HP- status was signif-

icantly commoner in female patients and that age was also

significantly lower in HP- patients [3]. In the present study,

the cancer size and histological type were limited to 20 mm

or less in diameter and signet ring cell carcinoma, respec-

tively, which was likely to yield results different from those

described above. The mean tumor diameter was signifi-

cantly smaller in the HP-GC group, and cancer confined to

the proliferative zone was significantly commoner in the

HP- GC group, suggesting the existence of differences in

the intracellular proliferation and growth morphology

between HP? GC and HP- GC patients, in that HP? GC

spreads more widely in the horizontal and vertical direc-

tions within the mucosa, thereby resulting in a larger tumor

diameter. This was also supported by the significantly

higher MIB-1 labeling index, which is an indicator of the

intracellular proliferative capacity, in patients with HP?

GC. That is, a high MIB-1 labeling index reflects a high

proliferation capacity. It has been suggested that because of

its higher proliferation capacity, HP? GC spreads more

widely in the horizontal and vertical directions within the

mucosa, resulting in a larger tumor diameter. In contrast,

because of the lower MIB-1 labeling index and lower pro-

liferation capacity, HP- GC is confined to the proliferative

zone, resulting in a smaller tumor diameter. To date, no

studies have reported the proliferative ability of HP- GC or

that of signet ring cell carcinoma. However, Fujiyama et al.

[18] investigated the proliferative capacity of gastric

mucosal epithelial cells using the bromodeoxyuridine

labeling index in a Japanese macaque model, and reported a

significant increase in the number of cells in the prolifera-

tive phase in HP-infected gastric mucosa as compared with

that in non-HP-infected mucosa. In addition, it has also

been reported that the MIB-1 labeling index was signifi-

cantly lower in GC patients after eradication than in HP?

GC patients [19, 20]. Although the profiles of the subjects in

these studies were different from those in our study, the low

proliferative capacity in non-HP-infected mucosa and the

lower proliferative capacity in the HP- state generated by

eradication seemed to be consistent with the results of our

study.

In the comparison of the background mucosa, all the

scores for atrophy, intestinal metaplasia, mononuclear cell

infiltration, and neutrophil infiltration according to the

Kimura–Takemoto and USS classifications were signifi-

cantly higher in the HP? GC group than in the HP- GC

group, indicating severer inflammation of the background

mucosa in HP? GC.

Taken together, the above findings and the findings of

previous studies indicate that the proliferative capacity of

the cancer is reactively enhanced owing to inflammatory

cell infiltration in HP? GC [1, 19, 21], which means that

DNA synthesis and cell division occur actively in HP?

GC. In contrast, inflammation is absent or very mild, and

therefore, the proliferative capacity is also low in HP- GC.

As a result, it has been suggested that HP? GC spreads

more widely in the horizontal and vertical directions within

the mucosa, thereby causing a larger tumor diameter as

compared with the tumor diameter caused by HP- GC.

A limitation of this study was that because the HP- GC

patients enrolled in the study had signet ring cell carcinoma

and did not include patients with differentiated-type

0-5           6-10         11-20       21-30       31-40       41-50        51-60       61-70       71-80       81-90      91-100 (%)
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Fig. 3 The MIB-1 labeling

index. The vertical axis shows

the number of patients and the

horizontal axis shows the MIB-

1 labeling index. The MIB-1

labeling index was significantly

higher in the Helicobacter

pylori-positive (HP?) patients

(p\ 0.0001). HP-

Helicobacter pylori negative
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cancer, such as gastric adenocarcinoma of the fundic gland

type and gastric cardia cancer, the results of this study

cannot be extrapolated to all HP- GC patients. Because all

of the HP- GC patients enrolled in this study had signet

ring cell carcinoma, HP? GC patients with signet ring cell

carcinoma were extracted for comparison. This was likely

to generate a selection bias. However, limiting the inves-

tigated cases to signet ring cell carcinoma allowed elimi-

nation of the influence of the histological type, and thereby

allowed more genuine results of comparison to be obtained

between GC patients with and without HP infection.

Conclusion

The proliferative ability of cancer was higher in HP? GC

patients with signet ring cell carcinoma than in HP- GC

patients with signet ring cell carcinoma, and HP? GC

signet ring cell carcinoma does not remain in the prolif-

erative zone, but spreads widely in the vertical and hori-

zontal directions. Therefore, it can be speculated that HP?

GC progresses more rapidly. This suggests that careful

follow-up is necessary and HP eradication is important to

prevent cancer spreading. In general, HP? patients are

followed up by endoscopy at 1- to 3-year intervals, whereas

HP- patients without atrophic gastritis are followed up at

5-year intervals [17]. The results of this study are consid-

ered to provide a pathological basis in support of this

practice.
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