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Abstract. Subtypes of intestinal metaplasia may have different 
manifestations in the carcinogenesis of gastric mucosa. The 
present study aimed to investigate expression of murine double 
minute gene 2 (mdm2) in atypical intestinal metaplasia (AIM) 
and its relationship to gastric carcinoma. Intestinal metaplasia 
(IM) specimens were obtained from 58 cases. Using a novel 
classification of IM, the specimens were classified according 
to morphological changes exhibited in the gastric mucosa; 
specifically, atypical intestinal metaplasia (AIM) and simple 
intestinal metaplasia (SIM). The gatric carcinoma specimens 
were then compared with types  I, II and III IM based on 
different substances present in the mucous. Envision immu-
nohistochemical technique was applied to the detection of the 
expression of p53 and mdm2 in 58 IM and 30 gastric carci-
noma cases. Expression of both p53 and mdm2 proteins was 
found to be higher in gastric carcinomas (p53, 56.67%, 17/30 
and mdm2, 53.33%, 16/30) and AIM (p53, 51.85%, 14/27 and 
mdm2, 51.85%, 14/27) as compared to SIM (p53, 25.81%, 
8/31 and mdm2, 19.35%, 6/31) (P<0.05). A similar pattern 
of expression of mdm2 protein was found in type I (36.84%, 
7/19), type II (38.46%, 10/26) and type III (23.08%, 3/13) IM 
and gastric carcinoma (53.33%, 16/30). p53 expression was 
higher in gastric carcinoma (56.67%) compared to type I IM 
(26.32%) (P<0.05). However, no differences were evident 
among type II (42.31%, 11/26), type III (46.15%, 6/13) IM and 
gastric carcinoma. AIM may reveal the precancerous nature of 
gastric carcinoma more clearly than SIM or the conventional 
IM subtypes. Additionally, AIM may be involved as a preneo-
plastic lesion and therefore be an effective indicator in the 
clinical follow-up of gastric carcinoma patients.

Introduction

Gastric carcinoma is the fourth most prevalent malignancy 
worldwide (1) and is one of the most common causes of 
cancer‑related mortality in China (2). The only effective way of 
improving the survival rate of patients suffering from gastric 
carcinoma is an early diagnosis. More than half of patients 
presenting with gastric carcinoma diagnosed from a biopsy 
were in an advanced stage of cancer progression. Thus, a more 
critical understanding of preneoplastic lesions in the gastric 
mucosa may prove helpful in the detection of early-stage 
carcinoma in a clinical setting. The development of gastric 
carcinoma is closely associated with the presence of atrophic 
gastritis as well as intestinal metaplasia (IM). Furthermore, it 
has been shown that the presence of IM significantly increases 
the risk of gastric carcinoma (3). However, not all individuals 
with intestinal metaplasia progress to gastric cancer. Therefore, 
the issue as to which IM patients should be clinically followed 
has yet to be resolved (4).

Three types (I-III) of IM have been described according 
to morphology and mucin histochemistry (5,6). Findings of a 
number of studies revealed that type III was closely involved 
in intestinal gastric carcinoma (7-10), whereas investigations 
that have been conducted conclude that sulphomucin-positive 
IM does not identify a high-risk group and is of no value in 
the surveillance of gastric cancer (11). Additionally, Petersson 
et al suggest that type  III IM is a less sensitive indicator of 
future development of gastric carcinoma than previously 
anticipated (12).

As in our previous study, in this study IM was divided 
into two subtypes according to morphology of the metaplastic 
epithelium: simple intestinal metaplasia (SIM), in which no 
or minimal polymorphism was found and atypical intestinal 
metaplasia (AIM), in which metaplastic cells presented 
significantly more polymorphisms or atypical changes (13). 
The predominant feature of AIM is the appearance of imma-
ture goblet cells scattered in the epithelium of IM already 
present in the gastric mucosa. These cells exhibit an enlarged 
cell nucleus with several mucin vacuoles in the cytoplasm 
and the nucleus loses its polarity. As with the immature 
goblet cells, changes are also observed in some columnar 
cells. In contrast, no or minimal nuclear pleomorphism and 
polarity change of goblet and columnar cells in SIM has been 
observed. The key to distinguishing the two groups of IM 
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is the identification of the immature goblet cells since there 
was little difficulty in comparing the columnar cell atypical 
changes in the two groups. The growth pattern in AIM was 
more focal and showed fewer Paneth cells than those in SIM; 
partially serrated growth with predominant nucleoli was 
observed in AIM.

Different subtypes of IM in relation to tumor suppressor 
gene p53 (expressed in AIM) were investigated in the present 
study and compared with the expression of its downstream 
target gene murine double minute gene 2 (mdm2). Under 
normal physiological conditions, the wild-type p53 protein 
suppresses cell proliferation, stops cell division at the G1 
checkpoint, and promotes the repair of damaged DNA. p53 
protein also initiates apoptosis in case of failed DNA repair. 
In the absence of normally functioning wild-type p53 protein, 
cells are sensitive to the S-phase entry with injured DNA and 
the genetic changes, resulting in cell malignant change and 
tumor formation. As a negative regulator of p53, mdm2 inter-
acts with p53 protein to inhibit the transcriptional activation 
of p53, leading to cell proliferation in a tumor. The interaction 
between p53 and mdm2 plays a crucial role in cell cycle arrest, 
as well as apoptosis following DNA damage (14,15). The wild-
type p53 gene induces the expression of mdm2 protein, which, 
in turn, strictly regulates the p53 protein level. By depriving 
p53 of antineoplastic activity, a high expression of mdm2 
can obstruct the p53-mediated transactivation (16). This 
p53-mdm2 feedback loop is vital for cell-cycle regulation,  
and the elimination of p53-dependent checkpoints is associ-
ated with carcinogenesis (17,18).

SIM and AIM classification may better indicate the essen-
tial nature of IM. SIM, due to its hyperplastic nature induced 
in gastritis, was devoid of cellular pleomorphism as well as 
molecular diversity. On the other hand, AIM possessed atypia 
initiated by an oncogene during carcinogenesis. This classifi-
cation was performed to determine which type of IM is more 
relevant to gastric carcinoma.

Materials and methods

Subjects. Informed consent was obtained from each patient and 
the study was approved by the institutional ethics committee 
of the Shandong University School of Medicine. We obtained 
58 samples of IM from endoscopic biopsy and 30 gastric 
carcinoma specimens by surgical resection at Qilu Hospital 
of Shandong University. Of 88 patients studied, 59  were 
males and 29 females, with ages ranging from 30 to 80 years 
of age (median  54.56). Additionally, in the 58  cases of IM, 
38  patients were male and 20  female, with an age range of 
30-76 years (median 55.88), while in the 30 gastric carcinoma 
cases, 21 patients were male and 9 female, with an age range of 
30-80 years (median 52.00).

Mucin histochemical staining for IM subtypes was 
performed. Serial sections were cut and stained with hema-
toxylin and eosin. To determine mucin expression patterns, 
alcian blue pH 2.5/periodic acid-Schiff and high-iron-diamine 
(AB pH 2.5/PAS, AB pH 2.5/HID) were performed to identify 
IM subtypes (19). A total of 58 cases of IM were classified in 
accordance with the system used by Jass and Filipe (6,20): 
type  I (complete) IM goblet cells secrete predominantly acid 
sialomucins; type  II (incomplete) IM goblet cells secrete 
predominantly sialomucins; columnar mucous cells secrete 
non-sulfated mucins; type III (incomplete) IM resembles type II 
except that columnar mucous cells predominantly secrete sulfo-
mucins (Fig. 1).

IM subtyping according to morphology and structural 
changes. A total of 58 IM cases were classified as AIM and 
SIM according to the morphology with or without structural 
and cellular changes of pleomorphism in the metaplastic 
epithelium.

Immunohistochemical staining. Immunohistochemical staining 
was performed using the Envision method. Expression analyses  

Figure 1. Three types of intestinal metaplasia (IM) according to immunohistochemical stains. (A) Type I IM: AB-PAS AB-positive, PAS-negative. (B) Type I 
IM: HID-AB AB-positive, HID-negative. (C) Type  II IM: AB-PAS AB-positive, PAS-positive. (D) Type  II IM: HID-AB AB-positive, HID-negative. 
(E) Type III IM: AB-PAS AB-positive (blue), PAS-positive. (F) Type III IM: HID-AB AB-positive (blue), HID-positive (grey and black) (magnification, x200).
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of p53 and mdm2 proteins were performed on formalin-fixed, 
paraffin-embedded specimens. p53 monoclonal antibody 
(ZM-0408) and mdm2 (ZM-0425) as well as PV-9000 2-step 
plus poly-HRP anti-mouse/rabbit IgG detection system were 
purchased from ZSGB-Bio (Beijing, China).

Briefly, 4  µm sections were cut and dewaxed in xylene 
and then rehydrated through graded alcohol. For the antigen 
retrieval regimen, all slides were microwaved in 10  mmol/l 
sodium citrate buffer (pH 6.0) at 10-min intervals for a total 
of 20 min. The endogenous peroxidase activity was blocked 
by 10  min of incubation with 3% hydrogen peroxidase 
(reagent A) at room temperature. After washing in phosphate-
buffered saline (PBS), the sections were incubated with 
monoclonal mouse anti-human antibodies p53 (ZM-0408) and 
mdm2 (ZM-0425) overnight at 4˚C. The sections were washed 
with PBS and incubated with polymerase auxiliary (reagent B) 
for 20  min. After washing in PBS, the sections were incu-
bated with biotinylated HRP‑conjugated secondary antibody 
(reagent C) for 30 min at room temperature and 3,3'-diamino- 
benzidine was visualized. Tissues were counterstained with 
hematoxylin. A negative control used PBS instead of the 
primary antibodies.

Immunohistochemical analysis. Positive nuclear staining of 
p53 and mdm2 proteins appeared as brown granules. The 
percentage of positively stained cells was estimated in an 

average of 100 cells counted in more than 5 high-magnifi-
cation fields (high-power field, x400). A positive result was 
defined as ≥10% of the cells exhibiting positive staining.

Statistical analysis. The significance of association was 
determined using the analysis of variance (ANOVA) or χ2 test. 
P<0.05 was considered to be statistically significant.

Results

Subtype distribution of 58 IM samples. Since IM was multi-
focally present, 19 (32.75%) cases with foci of type  I IM, 
26  (44.82%) cases of type  II IM, and 13 (22.41%) cases of 
type  III IM were identified. In 31 (53.44%) SIM samples, 
there were 9 type I, 15 type II and 7 type III IM samples. In 
27 (46.55%) AIM samples, there were 10 type I, 11 type II and 
6 type III IM samples (Table I).

Expression of p53 protein. A positive expression of p53 was 
observed in 25.81% (8/31) of SIM, 51.85% (14/27) of AIM 
and 56.67% (17/30) of gastric carcinomas. Expression of 
p53 in gastric carcinomas and AIM was higher than that in 
SIM (P<0.05) while no significant difference was observed 
between AIM and gastric carcinomas (P>0.05).

p53 observed in the conventional IM was expressed in 
26.32% (5/19) of type I, 42.31% (11/26) of type II and 46.15% 

Figure 2. Expression of p53 and mdm2 proteins in simple intestinal metaplasia (SIM), atypical intestinal metaplasia (AIM) and gastric carcinoma. 
(A) p53-negative in SIM. (B) p53-positive in AIM (nuclei). (C) p53 expression increased in gastric carcinoma (nuclei). (D) mdm2-negative in SIM. (E) mdm2-
positive in AIM (nuclei). (F) mdm2 expression increased in gastric carcinoma (nuclei) (Envision method, magnification, x200).

Table I. The distribution of 58 IM cases with different subtypes of intestinal metaplasia.

	 Type I	 Type II	 Type III	 Total (%)

SIM	 9	 15	 7	 31   (53.45)
AIM	 10	 11	 6	 27   (46.55)
Total (%)	 19 (32.76)	 26 (44.83)	 13 (22.41)	 58 (100.00)

IM, intestinal metaplasia; SIM, simple intestinal metaplasia; AIM, atypical intestinal metaplasia.



WANG et al:  p53 AND mdm2 IN ATYPICAL INTESTINAL METAPLASIA AND GASTRIC CARCINOMA710

(6/13) of type III IM. A reduced expression of p53 was only 
found in type I IM (P<0.05) while no difference was observed 
between gastric carcinomas and types  II or  III IM (P>0.05) 
(Table II; Fig. 2).

Expression of mdm2 protein. Positive expression rates of 
mdm2 were observed in SIM 19.35% (6/31), AIM 51.85%, 
(14/27) and gastric carcinomas 53.33% (16/30), respectively. 
The expression of mdm2 in gastric carcinomas and AIM 

Table III. The differences in morphology between SIM and AIM.

	 SIM	 AIM

Tissue organization	 Glands arranged neatly with uniform goblet cells	 Glands arranged irregularly, enlarged
		  round nuclei with polarity changes
Goblet cells	 Minimal changes resemblance to normal intestine	 Immature differentiation,
		  polarity changes and rare mitosis
Column cells	 Minimal changes resemblance to normal intestine	 Enlarged nuclei with foamy cytoplasm.
Gastric pit	 The mucosa is flat	 Ruffled mucosa with deeper pit, 
		  appeared to serrated change

SIM, simple intestinal metaplasia; AIM, atypical intestinal metaplasia.

Table II. Expression of p53 and mdm2 proteins in different subtypes of IM and gastric carcinoma.

	 Total	 p53	 mdm2
		  ---------------------------------------------------------------------	 ---------------------------------------------------------------------
	 (n)	 Positive (%)	 Negative	 Positive (%)	 Negative

SIM	 31	 8a (25.80)	 23	 6a (19.35)	 25
AIM	 27	 14  (51.85)	 13	 14  (51.85)	 13
Type I	 19	 5b (26.31)	 14	 7  (36.84)	 12
Type II	 26	 11  (42.30)	 15	 10  (38.46)	 16
Type III	 13	 6  (46.15)	   7	 3  (23.07)	 10
Gastric carcinoma	 30	 17  (56.66)	 13	 16  (53.33)	 14

aP<0.05 simple inestinal metaplasia (SIM) vs. gastric carcinoma. bP<0.05 type I vs. gastric carcinoma. AIM, atypical intestinal metaplasia.

Figure 3. Morphological differences in SIM and AIM. (A) SIM, uniform goblet cells. (B) SIM, glands arranged neatly. (C) AIM, irregular goblet cells. (D) 
AIM, changed polarity of goblet cells. (E) AIM, reversed polarity of goblet cell (arrow). (F) AIM, mitosis (arrow) and gastric pit appeared to serrated change 
(hematoxylin and eosin; magnification, x400).
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was significantly higher than that in SIM (P<0.05), while no 
significant difference was found between AIM and gastric 
carcinomas (P>0.05) (Table II, Fig. 2).

The positive expression rates of mdm2 in types  I,  II 
and III of IM were 36.84% (7/19), 38.46% (10/26) and 23.07% 
(3/13), respectively. No statistical significance was found in 
the expression of mdm2 among the gastric carcinomas and 
the three types (I, II and III) of IM (P>0.05).

Discussion

Intestinal metaplasia (IM) occurs in benign lesions as well as 
in carcinoma of the gastric mucosa, but only a small propor-
tion of cases are disposed towards or develop into carcinoma. 
The relationship between IM and gastric carcinoma has yet to 
be elucidated, as has the issue of which type of IM is closely 
related to gastric carcinoma. In this study, IM in the gastric 
mucosa was classified into two groups: SIM (simple intestinal 
metaplasia, IM with minimal or no pleomorphism), and AIM 
(atypical intestinal metaplasia, IM with atypical changes) (13). 
Various differences between the two groups were observed 
(Table III, Fig. 3).

There are three substantial advantages to this novel classi-
fication of IM into AIM and SIM as compared to conventional 
classification. Firstly, the novel classification is easy and prac-
tical for the pathologist to diagnose under microscope without 
supplementary staining. Secondly, the cellular morphologic 
variants of IM usually coordinate with molecular changes as 
well as progression, since classification of AIM as such clari-
fies its precancerous nature. Thirdly, the classification is not 
only a diagnostic method, but also a theory that may promote 
the understanding of IM along with clinically pragmatic activ-
ities in the follow-up of IM patients such as ‘optical biopsy’ of 
gastric mucosa, for which IM was diagnosed under confocal 
endoscopy without histopathological biopsy (21,22). As for 
the conventional classification of IM, our data show that both 
AIM and SIM distributed in all three types, whereas intrinsic 
precancerous information was obscured by the conventional 
classification of IM based on mucous chemical staining.

p53, a tumor suppressor gene, plays an important role 
in the regulation of gene expression in cell cycle progres-
sion and apoptosis in response to DNA damage (23). 
Mutation in the p53 gene is one of the most prevalent 
genetic abnormalities in human cancer (24), including 
gastric carcinoma. A number of studies suggest that gastric 
precancerous lesions exhibit p53 abnormalities, particu-
larly in the early stages of intestinal metaplasia (25-27). 
In this study, the expression of p53 was significantly 
higher in gastric carcinoma than that in type  I, but not in 
types II or III IM. The positive expression rates of p53 in SIM, 
AIM and gastric carcinomas were 25.81, 51.85 and 56.67%, 
respectively, and the expression of p53 in gastric carcinomas 
was significantly higher in AIM as compared to SIM. Results 
of various studies also showed that the frequency of p53 
mutations is consistent at around 40% in early and advanced 
differentiated gastric carcinomas as well as advanced undif-
ferentiated carcinomas (28,29), whereas it is low in early 
undifferentiated carcinomas (30,31). The finding that p53 
mutations were detected in IM and gastric cancer (32) suggests 
that IM is a precursor of differentiated carcinomas. Therefore, 

our data confirm the hypothesis that p53 gene mutation is an 
early event in the development of gastric carcinoma.

mdm2, a newly discovered oncogene, is located at chro-
mosome 12q13-14; the gene's organization on the human 
chromosome was evaluated in 1992 (33). Due to its associa-
tion with the tumor suppressor p53 gene and its implication in 
human cancer, the biochemical activities of mdm2 in cancer 
cells have been investigated thoroughly. A high expression 
of the mdm2 protein has been found in 36% of all types of 
sarcomas and 10% of well-differentiated gliomas, as well 
as esophageal cancer, neuroblastoma, and anaplastic astro-
cytoma (34), suggesting that mdm2 expression is one of the 
common causes of oncogenesis (35). In our study, the expres-
sion of mdm2 in gastric carcinomas was not significantly 
higher than that in types I, II and III of IM, while it was 
significantly higher in AIM as compared to SIM (the positive 
expression rates of mdm2 in SIM, AIM and gastric carci-
nomas were 19.35, 51.85 and 53.33%, respectively). Findings 
of previous studies have suggested that the expression of 
mdm2 increases in gastric carcinoma (36,37). Nakajima et al 
(3) reported that expression of the mdm2 protein increased 
not only in gastric cancer, but also in intestinal metaplasia 
as compared to chronic gastritis. A distinct mdm2 expression 
was observed in our study, indicating the precancerous nature 
of AIM more accurately than mucous classification. Further 
investigation into the level of p53 and mdm2 expression 
through RT-PCR is required. However, the main objective of 
this study was to observe p53 and mdm2 expression through 
routine immunohistochemical studies as these methods are 
readily available in the clinical environment.

Since the expression of p53 and mdm2 proteins was found 
to be significantly higher in AIM and gastric carcinomas as 
compared to SIM, our findings revealed that AIM had more 
atypia at the molecular level than that of SIM, together with 
more morphological disturbances. Additionally, compared to 
SIM, AIM has greater potential to progress to a severe precan-
cerous lesion or gastric cancer. Findings of the present study 
therefore suggest that SIM is a response to stimuli such as 
inflammation, whereas AIM may undergo malignant transfor-
mation and be considered a preneoplastic lesion (13). This is 
an effective criterion by which to diagnose early gastric carci-
nomas in the clinical follow-up of AIM patients. However, 
the exact pathogenesis or pathways of AIM in the multi-step 
carcinogenesis of the gastric mucosa has yet to be elucidated. 
Effective analysis of diagnostic samples is required to draw a 
definitive conclusion. Therefore, further studies with a larger 
patient population and a thorough retrospective follow-up 
using a rigorous research design are required.
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