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Abstract 

 
Background: The Cancer Genome Atlas combines gene characteristics and identifies four groups of endometrial 
carcinoma, one of them is P53 mutations which are associated with poor prognosis. MMP-9 is one of the most widely 
observed types of MMPs to play an important role in cancer cell invasion and tumor metastasis. Tumor budding is 
defined as a single cell or cluster of cells consisting of < 5 cells, located at the edge of the invasive tumor front. There are 
relationship between tumor budding and the epithelial mesenchymal transition (EMT). The EMT process is characterized 
by an increase in matrix metalloproteinases that play a role in the degradation of the extracellular matrix and basement 
membrane, which is the process of invasion and metastasis. 
Methods: This is an analytical study with cross sectional approach on 38 resection specimens from the patients 
diagnosed as endometrial carcinoma. The statistical analysis was performed by using Chi-square test to analyze the 
correlation of the correlation of expression immunohistochemistry P53 and Matrix Metalloproteinase-9 (MMP-9) with 
tumor budding index in endometrial carcinoma. 
Results: The identification of 38 samples of endometrial carcinoma patients found that the most common age group was > 
55 years, the most frequent distribution was low histopathological grading, low budding, and there was a significant 
correlation between the the expression of MMP-9 based on tumor budding. But no correlation between p53 expression and 
the tumor budding index and no correlation between p53 expression and mmp-9 in endometrial carcinoma. 

 
 

Keyword : endometrial carcinoma, tumor budding, p53, matrix metalloproteinases-9 
 

INTRODUCTION 
 

Endometrial carcinoma is the most common type of gynecologic cancer in women in developed 
countries.1 In addition, endometrial carcinoma was the fourth leading cause of death from gynecological 
malignancies in women worldwide in 2018.2 According to GLOBOCAN data in 2020, there were 
approximately 417,000 new cases and 97,000 deaths from this malignancy.3 Endometrial carcinoma accounts 
for the largest number of these cases, because less than 10% of uterine corpus cancers are sarcomas.4 

Endometrial carcinoma is among the more common cancers in women in developed countries. The 
prevalence of endometrial cancer in the United States is 25.7/100,000 women per year. The lifetime risk for 
developing this disease is approximately 2.8% in American women. The peak ages of diagnosis are between 
ages 55 and 64 years with the mean age being 62 years.5 In Indonesia, the latest study found that the prevalence 
of endometrial carcinoma at RSCM Jakarta reached 7.2 cases per year, where from these data, endometrial 
carcinoma is rarely found in the age group under 40 years. Research conducted at Haji Adam Malik General 
Hospital Medan in 2012-2015, the number of patients with endometrial carcinoma was found to be 48 people, 
of which the most patients were >55 years old.6 

The Cancer Genome Atlas (TCGA), combines gene characteristics and identifies four groups of 
endometrial carcinomas. Group 1 with POLE mutations, which are associated with a good prognosis; group 2 
with microsatellite instability, which is associated with an intermediate prognosis; group 3 showed low-copy- 
number alterations that were also associated with an intermediate prognosis; and group 4 with high-copy 
number alterations and P53 mutations associated with poor prognosis. The combination of microscopic 
appearance and molecular characteristics is the best approach to predict the prognosis of patients with 
endometrial carcinoma.7,8,9 

The tumor suppressor gene P53 which encodes for the p53 protein has been established as one of the 
most common mutations in human tumors. This subgroup was initially defined by the high number of somatic 
copy-number alterations and low mutational yield but p53 IHC was later chosen as a representative method to 
determine tumors of this group. In endometrial cancer p53 alterations to either overexpression or missense are 
associated with the worst prognosis of all molecular subtypes. The group of p53 mutated includes most of the 
serous and mixed types, presents at higher stages, and is more commonly grade 3. Nevertheless, lower grades 
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and early stages are also found for p53 mutated tumors. The p53 subgroup includes 8–24% of EC. The group of 
EC that did not exhibit any of the previously described features was classified as p53 wildtype or no specific 
molecular profile (NSMP). These tumors express estrogen and progesterone receptors and predominantly 
present as an endometrioid subtype. The majority of EC (30–60%) exhibits this subtype.7,8,9 

Matrix metalloproteinases are a family of zinc-dependent endopeptidases consisting of more than 20 
different types.10 MMP-9 is one of the most widely observed types of MMPs to play an important role in 
cancer cell invasion and tumor metastasis. Similar to MMP-2, MMP-9 belongs to the gelatinase subgroup of 
the MMP family.11 Overexpression of MMP-9 is frequently observed in several malignancies. Due to its 
proteolytic activity in the extracellular environment, MMP-9 is involved in many biological processes. These 
biological processes include the proteolytic degradation of the ECM, altered interactions between cell and cell 
and cell and ECM, cleavage of cell surface proteins and cleavage in the extracellular environment. MMP-9 
plays a role in the degradation of the basement membrane. During tumor development, supporting the 
basement membrane is usually an important step in tumor invasion and metastasis.10,11,12,13 

Tumor budding is defined as a single cell or cluster of cells consisting of < 5 cells, located at the edge of 
the invasive tumor front. This picture is found in various types of malignancies where it gives an image in the 
form of finger-like projections called buds that can enter the surrounding tissue. During localized cancer 
growth, some of these clusters of cells detach from the main tumor body and invade the surrounding stroma. 
This phenomenon is considered to be the histological basis for the formation of metastases and further tumor 
invasion.14-16 One of the most important aspects of the metastatic process is the relationship between tumor 
budding and the epithelial mesenchymal transition (EMT). EMT is a transition process of epithelial cells into 
mesenchymal cells, in which epithelial cells lose their intercellular adhesion and have the ability to migrate and 
invade which are characteristics of mesenchymal cells. The EMT process is characterized by an increase in 
matrix metalloproteinases that play a role in the degradation of the extracellular matrix and basement 
membrane, which is a prerequisite for the process of invasion and metastasis.14-17 

 
MATERIALS AND METHODS 

 
This study is an analytical study that aims to assess the correlation between the immunohistochemical 

expression of p53 and Matrix Metalloproteinase-9 (MMP-9) with tumor budding index in endometrial 
carcinoma at the Department of Anatomic Pathology Faculty of Medicine Universitas Sumatera Utara / H. 
Adam Malik Hospital Medan. The statistical analysis was performed by using Chi-square test to analyze 
correlation between the immunohistochemical expression of p53 and Matrix Metalloproteinase-9 (MMP-9) 
with tumor budding index in endometrial carcinoma. 

P53, a DNA-binding, oligomerization domain- and transcription activation domain-containing tumor 
suppressor, upregulates growth arrest and apoptosis-related genes in response to stress signals, thereby 
influencing programmed cell death, cell differentiation and cell cycle control mechanisms.7,8,9 P53 expression 
was performed immunohistochemically from the manufacturer Santa Cruz Biotechnology. P53 expression is 
localized to the nucleus. Assessment is categorized to be negative expression and positive expression. 

MMP-9 (Matrix Metalloproteinase-9) is one type of MMP that is able to degrade various components of 
the extra cellular matrix that play an important role in cancer cell invasion and tumor metastasis.10,11,12,13 MMP- 
9 expression was performed immunohistochemically using BZ-0898450-AP Rabbit Anti MMP-9 Polyclonal 
Antibody with 1:100 (40 C, overnight) dilution from the manufacturer Bioenzy. The assessment was carried 
out semi-quantitatively based on the intensity and percentage of tumor cells or stromal cells expressed. MMP-9 
expression was characterized by brownish cytoplasm, which was assessed in 10 fields of view of microscopic 
preparations with an objective lens magnification of 10x. The intensity of MMP-9 is categorized to be 0: 
negative, 1: weak, 2: moderate, 3: strong) and the percentage is categorized to be 0: 0%, 1: 1-5%, 2: 6-75%, 3: 
76-100%. The final score was determined by the combined staining score. Score <3 was defined as negative 
expression and score ≥ 3 as positive expression.18,19 

Tumor budding is defined as a single cell or cluster of cells consisting of < 5 cells, located at the edge of 
the invasive tumor front. The tumor budding was assessed in front of an invasive tumor with a measuring field 
of 0.785 mm2, which corresponds to a 20x objective lens. The tumor budding will be classified as a low 
budding category if 0-4 buds were found, the intermediate budding category if 5-9 buds were found, and the 
high budding category if  10 buds were found.20 
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Figure 1. Tumor budding is defined as the presence of single cells or small clusters of cancer cells in the tumor stroma and is frequently 
found in tumorswith an invasive growth pattern and desmoplastic stromal response.21 

 
RESULTS 

 
In this study, the most common age distribution for endometrial carcinoma was the age group > 55 

years, as many as 20 cases (52.6%), followed by the 45-55 year age group with 13 cases (34.2%), and the most 
slightly in the age group <45 years as many as 5 cases (13,2%). The frequency distribution of patients with 
endometrial carcinoma based on histopathological grading was mostly low grade with 26 cases (68.4%) 
compared to high grade with 12 cases (31.6%). The frequency distribution of endometrial carcinoma patients 
based on the tumor budding index was low budding as many as 22 cases (57.9%), followed by high budding as 
many as 9 cases (23.7%), while for intermediate budding the least as many as 7 cases (18 ,4%). The frequency 
distribution of endometrial carcinoma patients based on the immunohistochemical expression of MMP-9 was 
the most negative in 22 cases (57,9%), while the positive expression was 16 cases (42,1%). The frequency 
distribution of endometrial carcinoma patients based on the immunohistochemical expression of TP53, the 
most negative expression was 27 cases (71.1%), while the positive expression was 11 cases (28.9%). 

 
Table 1. Frequency distribution variable of endometrial carcinoma patients 

 
Variable N Percentage (%) 

Age 
< 45 years 
45-55 years 
> 45 years 

Grade 
Low grade 
High grade 

Indeks tumor budding 
Low 
Intermediate 
High 

Expression MMP-9 
Negative 
Positif 

 
5 
13 
20 

 
26 
12 

 
22 
7 
9 

 
22 
16 

 
13,2 
34,2 
52,6 

 
68,4 
31,6 

 
57,9 
18,4 
23,7 

 
57,9 
42,1 

Expression p53 
Negative 
Positive 

Total 

 
27 
11 
38 

 
71,1 
28,9 
100 

 
In this study 38 samples were examined, each sample was assessed for the expression of MMP-9 which 

was grouped based on the tumor budding index of endometrial carcinoma to examine the relationship between 
variables. The results of statistical test analysis showed that there was a significant correlation between the the 
expression of MMP-9 based on tumor budding with p value =0.021 (p<0.05). 

Table 2. The correlation of expression MMP-9 with tumor budding index in endometrial carcinoma 
 

Tumor Budding Index p value* 
MMP-9    

Low Intermediate High 
 

 N % N % N %  

Negative 13 59,1 7 31,8 2 9,1 0,021 

Positive 9 56,3 0 0 7 43,8 
 

*Fisher’s exact test 
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A B 

This study also assessed the relationship between p53 expression and the tumor budding index of 
endometrial carcinoma. Based on the hypothesis test, there was no correlation between p53 expression and the 
tumor budding index of endometrial carcinoma with a p value =0.468 (p>0.05). 

 
Table 3. The correlation of expression p53 with tumor budding index in endometrial carcinoma 

 

Tumor Budding Index p value* 
P53    

Low Intermediate High 
 

 N % N % N %   

Negative 14 51,9 6 22,2 7 25,9 0,468 

Positive 8 72,7 1 9,1 2 18,2 
  

*Chi square test 

 
In this study, the relationship between p53 expression and mmp-9 expression was also assessed. Based 

on the hypothesis test, there was no correlation between between p53 expression and mmp-9 in endometrial 
carcinoma with a p value =0,086 (p>0.05). 

 
Table 4. The correlation of expression p53 with mmp-9 in endometrial carcinoma 

 
MMP-9 p value* 

P53    
Negative Positive 

 

 N % N %   

Negative 18 66,7 9 33,3 0,086 

Positive 4 36,4 7 63,6 
  

*Chi square test 
 
 

 

 
Figure 2. Tumor budding index. A. Low budding (H&E 200x), B. Intermediate budding (H&E 200x), C. High budding (H&E 
2 00x). 

C 
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A B 

 
Figure 3. Expression of MMP-9. A. Negative (H&E 100x), B. Positive (H&E 100x) 

 

Figure 4. Expression p53. A. Negative (H&E 100x), B. Positive (H&E 100x) 

 
DISCUSSION 

 
In this study, the age of patients with endometrial carcinoma was mostly found in the group > 55 

years, as many as 20 cases (52.6%), followed by the 45-55 year age group with 13 cases (34.2%), and the most 
slightly in the age group <45 years as many as 5 cases (13,2%). This result is almost the same as the research 
by Sofyan, where the most patients were aged >51-60 years (47,37%), followed by patients aged > 60 years 
(21,05%) and 40-50 years (21.05%), and the least are patients aged < 40 years (10,53%).22 Research at Sanglah 
Hospital, Denpasar for the period August 2012-July 2014, also found that the most endometrial carcinoma 
patients were found in the 51-60 year age group.23 Research at Haji Adam Malik Hospital Medan in 2012- 
2015, the number of patients with endometrial carcinoma was found as many as 48 people, where the most 
patients were aged > 55 years (45.8%), followed by patients aged 45-55 years (31.3 %) and the least are 
patients with age <45 years (22.9%).24 This is consistent with the literature that the risk of endometrial 
carcinoma increases in women with advancing age, and usually occurs in postmenopausal women with high 
concentrations of total estrogen. The use of hormone replacement therapy in postmenopausal women 
containing estrogen without a combination with progesterone also increases the risk of endometrial carcinoma. 
Older menopause age and earlier age of menarche are also a risk due to prolonged exposure to the hormone 
estrogen.25,26 

The frequency distribution of patients with endometrial carcinoma based on histopathological grading 
in this study was low grade, which was 26 cases (68.4%) compared to high grade with 12 cases (31.6%). This 
result is the same as Koyuncuoglu's study which also obtained similar results where the most grading was 
found in grade 2 as many as 37.9% cases, followed by grade 1 in 31.6% cases, and grade 3 in 30.5% cases.16 
Research by Zhang et al involving 1434 cases of endometrial carcinoma also found the highest results were 
found in cases which were a combination of grade 1 and 2, namely 1212 (84.52%) cases, while grade 3 were 
222 (15.48%) cases.27 This is in accordance with the literature which states that endometrioid carcinoma is the 
most common subtype of endometrial carcinoma, which is about 83% of cases where about 80-90% of them 
are low grade.25,28,29 

In this study, the frequency distribution of patients with endometrial carcinoma based on the tumor 
budding index, the highest was low budding as many as 22 cases (57.9%), followed by high budding as many 
as 9 cases (23.7%), while for intermediate budding the least was as much as 7 cases (18.4%). This is same 
result with a research by Koyuncuoglu found that the most cases of endometrial carcinoma were found in the 
low grade category of tumor budding, namely 76.8% of cases compared to high grade of 23.2% of cases16. The 
study of Klutz et al found that tumor budding was positive in 72% of endometrioid carcinoma cases and 67% 
of cases of non-endometrioid carcinoma compared with negative budding tumors.30 Tumor budding is a 

A B 
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phenomenon of cancer cells in the process of invasion. This feature is described as a sign of cancer cell motility 
and as an early step in the metastatic process. One of the most important aspects of the metastatic process is the 
relationship between tumor budding and the epithelial mesenchymal transition (EMT). EMT is a transition 
process of epithelial cells into mesenchymal cells, in which epithelial cells lose their intercellular adhesion and 
have the ability  to migrate and invade which are characteristics of mesenchymal cells.16 

The frequency distribution of endometrial carcinoma patients based on the immunohistochemical 
expression of MMP-9 in this study was the most negative in 22 cases (57,9%), while the positive expression 
was 16 cases (42,1%). MMP-9 is involved in several biological processes, namely proteolytic degradation of 
the Extra Cellular Matrix (ECM), changes in interactions between cells and cells as well as cells and ECM, cell 
surface protein cleavage and protein cleavage in the extracellular environment. MMP-9 plays a role in the 
degradation of the basement membrane, because the basement membrane contains collagen, including Type IV 
collagen, which can be degraded by MMP-9. During tumor development, destruction of the basement 
membrane is usually an important step in favor of tumor invasion and metastasis.10-13 

In this study, the frequency distribution of endometrial carcinoma patients based on the 
immunohistochemical expression of P53, the most negative expression was 27 cases (71.1%), while the 
positive expression was 11 cases (28.9%). p53 plays an important role in the regulating of cell proliferation, 
DNA repair, apoptosis, genomic stability, senescence, and metabolic homeostasis. p53 protein activated by 
several signals, such as DNA damage, hypoxia, oncogene expression, ribonucleotide depletion, and osmotic 
stress, acts mainly as a transcriptional factor. When DNA is damaged, p53 induces the expression of p21. p21 
is a cyclin-dependent kinase (CDK) inhibitor that suppresses cyclin-CDK complexes, resulting in cell cycle 
arrest in the G1 phase. G1 arrest can allow DNA repair before replication at S1. If the cells cannot repair the 
DNA damage, p53 induces apoptosis by activating apoptosis signal genes, such as BAX, PUMA, Noxa, and 
PERP. Loss of p53 function allows abnormal cell proliferation and is closely associated with carcinogenesis. 
Dysfunction of p53 has been observed in many malignant tumors.31 P53 immunohistochemistry has evolved 
into an accurate surrogate reflecting the underlying p53 mutation status of a tumor, and has utility in the 
diagnostic workup of endometrial carcinomas. The mutational status of p53 is the single most important 
molecular factor, which predicts prognosis in endometrial carcinomas, with the presence of a p53 mutation 
being associated with an unfavorable outcome.32 

This study aims to analyze the correlation between expression of MMP-9 and tumor budding index of 
endometrial cancer. After analyzing statistical tests with Chi-Square test, there was a significant correlation 
between the the expression of MMP-9 based on tumor budding with p value =0.021 (p<0.05). There are very 
few studies on the relationship between MMP-9 expression and tumor budding in malignancies. Several studies 
have been conducted on colorectal cancer and breast cancer. From these studies, it was found that high MMP-9 
expression was associated with high tumor budding grades.33-35 Tumor budding is associated with an epithelial 
mesenchymal transition (EMT). EMT is a transition process of epithelial cells into mesenchymal cells, in 
which epithelial cells lose their intercellular adhesion and have the ability to migrate and invade which are 
characteristics of mesenchymal cells. In addition to being characterized by a loss of E-cadherin expression, the 
EMT process is also characterized by an increase in matrix metalloproteinases that play a role in degrading the 
extracellular matrix and basement membrane, which are prerequisites for invasion and metastasis.17-20 

This study also assessed the relationship between p53 expression and the tumor budding index of 
endometrial carcinoma. Based on the hypothesis test, there was no correlation between p53 expression and the 
tumor budding index of endometrial carcinoma with a p value =0.468 (p>0.05). Research by Rau et al. showed 
that, in a cohort of 255 ECs, the presence of tumor budding in 26.3% of the cases was independently associated 
with a worse prognosis. However, when the TCGA classification was used, tumor budding lost its prognostic 
value. Tumor budding differs significantly in its expression levels between TCGA subgroups, but cases with 
tumor budding were found from POLEmut, MMRdef, NSMP, and P53abn EMCAs.36 In research of Coada et 
al, tumor budding was found in 35% of cases. When stratifying EC patients based on the TCGA scheme, the 
POLE and MMRd groups showed the highest numbers of cases with tumor budding.37 

In this study, the relationship between p53 expression and mmp-9 expression was also assessed. Based 
on the hypothesis test, there was no correlation between between p53 expression and mmp-9 in endometrial 
carcinoma with a p value =0,086 (p>0.05). There is no study that has analyzed the relationship between p53 
expression and mmp-9 in endometrial carcinoma. In endometrial cancer p53 alterations to either 
overexpression or missense are associated with the worst prognosis of all molecular subtypes.7,8 MMP-9 
expression was found to be associated with the development of gynecological malignancies, including 
endometrial carcinoma. MMP-9 facilitates the invasion and degradation of the ECM which is associated with 
cancer spread and metastasis. Research conducted to assess the expression of MMP-9 with endometrial 
carcinoma is still limited and still controversial. Since MMP-9 is an important factor for several cancers and 
several other MMP-9-associated diseases, therapeutic targeting of MMP-9 is of great importance.38-40 
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CONCLUSION 
After conducting research on 38 samples of endometrial cancer it found that the most common age 

group was > 55 years (52,6%), the most frequent distribution was low histopathological grading (68,4%) low 
budding (57,9%), and there was a significant correlation between the the expression of MMP-9 based on tumor 
budding with p value =0.021. But no correlation between p53 expression and the tumor budding index with a p 
value =0.468 and no correlation between between p53 expression and mmp-9 in endometrial carcinoma with a 
p value =0,086. 
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