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ABSTRACT 
 

Digestive diseases resulting from atrophy and metaplasia become more common as people get older, resulting in 

anatomical and functional abnormalities in the gastrointestinal system. The integrity and health of all parts of the 

digestive system depend largely on the presence of an adequate stem cell population. The study aimed to analyze 

the gastric stem cell population of different ages, using Ki-67 immunohistochemistry. Twenty-one adult male 

albino rats were distributed into 3 age groups, each consisting of 7 rats: Juvenile, Adult, and Old. After one 

acclimatization week, all animals were euthanized. The stomach was excised and processed for histological 

staining with H&E and Ki-67 immunohistochemical staining. The Ki-67 slides were subjected to image analysis 

and the percentage of positive cells was counted. The staining was predominantly nuclear with varying intensities. 

Statistical analysis revealed that the Ki-67 nuclear staining mean intensity score was slightly higher in the Adult 

group than in the Juvenile and Old groups, with no significant differences. Statistical analysis also showed 

significantly fewer stem cells in both the Adult and Old age groups than in the Juvenile group. The Old group 

also showed fewer stem cells than the adult group, but the difference was not statistically significant. The gastric 

stem cell population decreases with age.  
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INTRODUCTION 

The stomach is a sophisticated organ with distinctive physiological and biochemical functions [1]. Mucosa, 

submucosa, muscularis, and serosa are the four layers of the stomach wall [2]. The mucosa is thrown into folds 

and shows gastric pits which are the openings of the gastric glands which produce enzymes and hydrochloric acid 

(HCl). The epithelium is made up of a variety of cell types comprising surface mucous cells, mucous neck cells, 

oxyntic cells, peptic cells, enterochromaffin cells, and regenerative stem cells. 

During the first month of life, the most intensive reconstruction process took place [3]. The rat stomach is 

immature in development and function at birth, and it remains so until postnatal day 14 when it undergoes 

significant morphological and physiological changes at around postnatal day 21 when muscularis mucosae and 

lamina propria collagenization are well established. The stomach of rat or dog does not secrete hydrochloric acid 

after birth. Regardless, hydrochloric acid is secreted by the rabbit and pig stomachs at birth. Increased thickness 

of gastric glandular mucosa and peptic cells maturation are both parts of stomach postnatal development [4]. 

When compared to adults, there are fewer peptic cells in the newborn, and the peptic cells in neonates are unable 

to synthesize pepsin. The number of peptic cells rises as postnatal development advances, contributing to the 

increasing thickness of the mucosa [4]. Mucous neck cells oxyntic cells are present at birth. In neonates, the 

number of oxyntic cells is two to three folds that in adults, although the mucosa and muscle layers are thinner [4, 
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5]. 

Diet, age, genetic determinants, intestinal hormones, and other factors are all mentioned in the scientific literature 

as influencing postnatal gastrointestinal growth [6]. In mammals, the transition from amniotic fluid to milk occurs 

almost immediately after birth. At weaning, the diet shifts when milk is gradually replaced as the primary source 

of nourishment with solid food [7, 8]. 

The gut undergoes a variety of changes as people age. Malnutrition and cachexia can occur quickly when the 

intestinal epithelium loses its absorptive ability, which is especially dangerous for the aged and feeble [9, 10]. 

The decrease in motor activity of several GI functions, for example emptying of the stomach contents, is often 

associated with advancing age [11, 12]. Digestive tract disorders become more common as people get older, 

resulting in anatomical and functional abnormalities in the gastrointestinal system. In the basal one-third of the 

mucosa, partial shrinkage of gastric glands is replaced by increased connective tissue [13]. Atrophy and metaplasia 

of gastric mucosa are premalignant conditions [14, 15]. 

The study aimed to analyze the gastric stem cell population in different age groups, using Ki-67 

immunohistochemistry as a method for their detection. 

MATERIALS AND METHODS 

Animals 

A total of 21 adult male albino rats, with bodyweight ranging from 100 to 400 g, were used in this study. The rats 

were obtained from the Animal Care Centre, College of Medicine, King Saud University. The rats were distributed 

into 3 age groups, each consisting of 7 rats: Group I; Juvenile (3-6 weeks), Group II; Adult (3-6 months), and 

Group III; Old (9-12 months). After an acclimatization period of one week under standard conditions, all animals 

were euthanized. The stomach was excised, opened, cleaned, and flushed with normal saline to clean its interior, 

then fixed and processed to paraffin sections. 

Histology 

Hematoxylin and eosin (H&E) staining was used to detect any histological differences in the wall of the stomach 

with special reference to the gastric mucosa. 

Immunohistochemistry 

Sections were deparaffinized and rehydrated. For antigen unmasking, the sections were immersed in boiling 0.01 

M sodium citrate buffer solution (pH 6.0). The endogenous peroxidase activity was quenched by peroxidase 

quench, and then the sections were incubated in the diluted primary antibody (Ki-67, rabbit monoclonal primary 

antibody ROCHE, Ventana company) for one hour at room temperature, while the negative control sections were 

incubated in the washing buffer only. Then, they were incubated in a biotinylated secondary antibody followed 

by an avidin-biotin (AB) reagent. To demonstrate the antigen-antibody reaction, the sections were incubated in 

substrate chromogen, followed by counterstaining with Harris hematoxylin, then dehydration, clearing, and 

mounting. 

Image analysis 

High-resolution whole-slide digital scans of all anti-Ki-67-immunostained glass slides were created with a 

ScanScope scanner (Aperio Technologies, Inc.). The digital slide images were viewed and analyzed using 

Aperio’s viewing and image analysis tools. In each section, five fields of a fixed area of 0.31 µm2 were randomly 

selected. The nuclear analysis algorithm (Aperio Technologies, Inc.) was then applied to quantify nuclear staining 

and intensity. The algorithm generated a markup image highlighting the detected nuclei which were color-coded 

according to their classification. The stained nuclei were color-coded in the following manner, according to the 

intensity of the staining: Blue, 0; Yellow, 1+; Orange, 2+; Red, 3+. Output results included percentage positive 

nuclei (0.0-100.0%), intensity score (no staining, 0; weak staining, 1+; moderate staining, 2+; strong staining, 

3+), percentages of 0, 1+, 2+ and 3+ nuclei, among other statistical measurements. 

Statistical methods 

The percentage of positive nuclei was subjected to statistical analysis using IBM SPSS Statistics version 22. 

Analysis of variance (ANOVA) was used for overall comparison between age groups, followed by Bonferroni 

post-hoc test for pairwise comparisons. Differences were considered significant when P was equal to or less than 

0.05. 
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RESULTS AND DISCUSSION 

Stem cells visualization and localization 

The thickness of the mucosal glandular area was much thinner in the Juvenile group than in the Adult group. Stem 

cells in the gastric glands could not be discerned in H&E-stained slides. They were visualized by Ki-67 

immunostaining. They were located mostly in the necks, interspersed among the mucous neck cells, in the 

isthmus, and the base of the pits of the glands. The staining was predominantly nuclear with varying intensities 

(Figure 1). 

Image analysis 

Statistical analysis of the data obtained from image analysis revealed that the Ki-67 nuclear staining mean intensity 

score was slightly higher in the Adult group (3 ± 0.00) than in the Juvenile and Old groups (2.6 ± 0.55 and 2.4 ± 

0.55, respectively), with no significant differences (Table 1, Figures 1 and 2). 

Statistical analysis also showed significantly fewer stem cells (as indicated by the percent Ki-67 positive nuclei) 

in both the Adult and Old age groups than in the Juvenile group (p = 0.04 and 0.001, respectively). The Old group 

also showed fewer stem cells than the Adult group, but the difference was not statistically significant (p = 0.246) 

(Table 1, Figures 1 and 2). 

 

 
Figure 1. Representative images of Ki-67 immunostained sections from the three studied groups before and 

after nuclear image analysis. After running the nuclear algorithm, the stained nuclei are color-coded in the 

following manner, according to the intensity of the staining: Blue, 0; Yellow, 1+; Orange, 2+; Red, 3+. In 

these particular images, the intensity score was 2, 3, and 2, and the percent positive nuclei was 37.31, 23.77, 

and 18.18 for the Juvenile, Adult, and Old-age groups, respectively. Scale bars = 100 µm. 
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Table 1. Ki-67 nuclear staining mean intensity score and percent Ki-67 positive nuclei (mean ± SE) in the 

studied age groups. 

 Juvenile Adult Old 

Intensity score 2.6 ± 0.55 3 ± 0.00 2.4 ± 0.55 

P1  0. 548 1.000 

P2 0.548  0.166 

Percent positive nuclei 32.23 ± 3.28 23.88 ± 1.20 18.42 ± 0.48 

P1  0.04* 0.001* 

P2 0.04*  0.246 

SE standard error 

* Difference is significant (p ≤ 0.05). 

P1 compared to Juvenile. 

P2 compared to Adult. 

 

 
Figure 2. Percent Ki-67 positive nuclei (mean ± SE) in the studied age groups. 

 

Most of the GI tract is normally established at the time of birth. However, some growth in structure and function 

occurs postnatally. Maturation of function varies by animal, with dietary changes being the primary driver of 

functional changes [6]. 

Normally, the gastric mucosal epithelium is continually renewed [16]. As a result, the regenerative capacity of 

the stomach lining epithelium requires gastric epithelial stem cells. These are highly proliferating cells with the 

potential to differentiate and give rise to all types of gastric mucosal surface and glandular cells, thus maintaining 

the lining of the stomach [17]. 

In this study, the Adult and Old age groups had significantly fewer stem cells (as measured by the percent Ki-67 

positive nuclei) than the Juvenile group. There were also fewer stem cells in the Old group than in the Adult 

group. The thickness of the mucosal glandular area was much thinner in the Juvenile group than in the Adult 

group. This could be attributed to the increase in the number of glandular sections and oxyntic and peptic cells in 

the adult stomach [6]. 

The Ki-67 antigen is a protein expressed in the nucleus by the MKI67 gene in humans and is linked to cellular 

proliferation [18]. It is also linked to the transcription of ribosomal RNA. Inactivation of the antigen Ki-67 causes 

ribosomal RNA production to be inhibited [19]. The Ki-67 protein is a cell proliferation marker that can be utilized 

in immunohistochemistry [20]. 

Studies performed in animal models revealed that gastric stem cells respond to mucosal damage and inflammation 

[21-23]. The development of gastric stem cell research is paving the way to better prevention and treatment of 

gastric disorders [24]. In this study, the mean intensity score of Ki-67 nuclear staining was slightly higher in the 

Adult group than in the Juvenile and Old groups, which explains why rat aging is associated with some gastric 

mucosal atrophy. The increase in mucosal thickness observed in old age was explained by the increase in the 
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amount of connective tissue around small vessels in the subepithelial layer [25]. These changes in old age may 

obstruct oxygen and nutrient transport to the epithelial cells, leading to some atrophy of the peptic and oxyntic 

cells with replacement with fibrous connective tissue. Alterations in aging-related stomach secretory activities 

could be explained by these structural changes [26]. 

In agreement with our findings, the slow healing of peptic ulcer in rats as they get older could be linked to 

diminished epithelial cell proliferation and angiogenic activity [27]. Understanding the effect of age on the GI 

tract could lead to improvements in geriatric medication prescriptions, reducing their side effects, and thus 

encouraging the elderly to comply with their medical management plans [28]. 

CONCLUSION 

In conclusion, we found that the gastric stem cell population decreases with age. This finding could be 

therapeutically important, especially in the medical treatment of older patients. More research is needed to 

elucidate the implication of gastric stem cells in various gastric disorders and to develop innovative techniques to 

prevent gastric cancer. 
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