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Introduction

Invasive breast carcinoma (IBC) denotes a diverse 
and extensive collection of malignant tumors arising from 
the epithelium of the mammary gland. In comparison, 
invasive breast carcinoma (IBC) of no special type (NST) 
denotes a category of IBC that cannot be morphologically 
categorized into a distinct histological type [1].

Metastasis, or the dissemination of tumor cells, can 
happen through the lymphatic system (lymphogenous) 
or through the bloodstream (hematogenous). Carcinomas 
typically spread via the lymphatic system (lymphogenous), 
with histological analysis being the gold-standard method 
for identifying metastasis to nearby lymph nodes [2].
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Yes-associated protein 1 (YAP1) is a protein that is 
encoded by chromosome 11q22. YAP1 is pivotal in the 
Hippo pathway and acts as a transcription co-activator, 
essential for controlling cell proliferation, apoptosis, 
and differentiation. Numerous studies have illustrated 
the involvement of YAP1 in tumorigenesis and the 
advancement of breast cancer, based on this role. YAP1 
levels rise significantly in luminal tumors as a result of 
p53 loss. The activation of YAP1 as a transcriptional 
co-activator is essential for promoting proliferation and 
advancing the tumorigenesis pathway towards invasive 
lobular carcinoma (ILC). This indicates that YAP1 is 
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involved in guiding the epithelial carcinoma pathway, its 
progression, and metastasis [3].

Lymph node metastasis is the key prognostic indicator 
in breast cancer and relates to recurrence and death rates. 
Reports indicate that the transcriptional co-activator, 
YES-associated protein 1 (YAP1), is essential for lymph 
node metastasis. Elevated YAP1 activity boosts fatty acid 
oxidation, ultimately resulting in lymph node metastasis. 
Activation of YAP1 plays a role in the advancement of 
cancer, such as breast cancer [4, 5]. Information regarding 
YAP1 expression in breast cancer within Southeast 
Asia, especially in Makassar, Indonesia, remains scarce; 
thus, this research significantly enhances the local 
literature. This research seeks to assess the relationship 
between YAP1 expression and histological grading, 
lymphovascular invasion, and lymph node metastasis 
in patients with invasive breast cancer in Makassar, 
Indonesia, a subject that has not been explored before.

Materials and Methods

This cross-sectional research took place at the 
Anatomical Pathology Laboratory of Dr. Wahidin 
Sudirohosodo Hospital in Makassar, Indonesia, from 
August 2024 to May 2025. The institutional ethics 
committee approved the study protocol. The study 
population comprised paraffin blocks from mastectomy 
resection specimens submitted to the Anatomical 
Pathology Laboratory, all diagnosed as invasive breast 
carcinoma grades 1, 2, and 3, with or without metastasis 
to regional lymph nodes, utilizing Hematoxylin-Eosin 
staining. The method of consecutive sampling was 
employed to choose samples. All instances that satisfied 
the inclusion criteria were incorporated based on the 
sequence of tissue arrival at the laboratory from July 2022 
to May 2025 until the necessary sample size was achieved. 
Inclusion criteria: 1) Breast tumor tissue from mastectomy 
obtained at the Anatomical Pathology Laboratory, 
accompanied by regional lymph nodes. 2) Identified by 
pathologists as invasive breast carcinoma grades 1, 2, and 
3, with or without metastasis to regional lymph nodes 
through HE staining. 3) Paraffin blocks appropriate for 
immunohistochemical analysis. Specimens of paraffin 
blocks that were depleted or harmed during reprocessing 
for YAP1 immunohistochemical analysis will be excluded.

Immunohistochemical Staining
The expression of YAP1 was assessed by employing 

the standard avidin-biotin peroxidase complex (ABC) 
technique. Tissue slices (4 μm thick) were deparaffinized 
and underwent antigen retrieval. YAP1 polyclonal 
antibody was applied at a dilution of 1:50. Findings were 
assessed through light microscopy by two pathologists, 
along with the researcher.

YAP1 Expression Scoring
YAP1 intensity is assessed according to a scoring 

system where 0 = No staining, 1 = Weakly staining, 2 = 
Moderately staining, and 3 = Strongly staining. Yap1 The 
proportion of the area that is stained is assessed based 

on a scoring system: 0 = no tumor cells stained (0%), 
1 = 1-10% of tumor cells stained, 2 = 11-25% of tumor 
cells stained, 3 = 26-50% of tumor cells stained, 4 = 51-
100% of tumor cells stained. The IR score results from 
multiplying intensity by proportion and is classified into 
various categories: Negative (score 0), +1 (score 1-3), +2 
(score 4-6), +3 (score >6).

Histological Grading
Histological grading utilized the Elston and Ellis 

modification of the Scarff-Bloom-Richardson method, 
assessing tubule formation, nuclear pleomorphism, and 
mitotic index.

Statistical Analysis
Data were assessed utilizing SPSS version 26. 

A descriptive analysis was conducted on patient 
characteristics. Fisher’s exact test was employed to 
assess the relationship between YAP1 expression and 
categorical variables. A p-value of less than 0.05 was 
deemed statistically significant.

Results

Sample Characteristics
This study included a total of 100 specimens from 

mastectomies. In this research, we evaluated YAP1 
expression with low, moderate, and high intensity at 400x 
magnification, as shown in Figure 1. The average age of 
patients was 50.22 ± 10.20 years, with 51% of the patients 
being aged 50 years or older. Table 1 presents a summary 
of patient characteristics.

YAP1 Expression and Histological Grade
A significant correlation existed between YAP1 

expression and histological grade (p=0.001). Elevated 

Figure 1. YAP1 Expression in Invasive Breast Cancer. 
A.Strongly stained (Obj 100x); B. Strongly stained (Obj 
40x); C. Moderately stained (Obj 100x); D. Moderately 
stained (Obj 40x); E. Weakly stained (Obj 10x); F. 
Weakly stained (Obj 400x). Source: Primary Data, 2024.
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Discussion

Our findings demonstrate a strong association between 
YAP1 expression and histological grade in invasive breast 
cancer, whereas no significant relationships were identified 
with lymph node metastasis or lymphovascular invasion. 
This research identified a significant correlation between 
YAP1 expression and histological grade in invasive breast 
cancer, yielding a p-value of (0.001). Elevated YAP1 
expression, particularly with a positive immunoreactive 
score of 3 (+3), was predominantly observed in samples 
exhibiting histological grade 3. This result aligns with an 
earlier study by Rakha et al. (2012), which indicated that 
YAP1 expression was markedly elevated in breast cancer 
tissues exhibiting greater malignancy. Histological grade 
indicates how differentiated cancer cells are; a higher 
grade corresponds to a poorer prognosis [1].

In a similar vein, research conducted by Shen, J. et 
al. (2022) indicated that YAP1 facilitates invadopodia 
and cell invasion, suggesting that YAP1 plays a role in 
tumor aggressiveness and offering a direct biological 
explanation for its association with increased histological 
grade [6]. Park, I. et al. (2023) conducted a clinical 
study on YAP1 expression in hormone receptor-positive 
and HER2-negative breast cancer, examining YAP1’s 
molecular and prognostic implications [7]. Liu D. et 
al. (2024) demonstrated that metabolic components 
(DLAT) may trigger the YAP1 signaling pathway in 
triple-negative breast cancer (TNBC). YAP1 shows high 
expression in aggressive grades, influenced by both 
histological factors and upstream metabolic regulation 
that promotes tumor progression [8]. Bai X. et al. (2024) 
showed the epitranscriptomic control of YAP1 mediated 
by METTL14. When METTL14 levels are reduced, 
YAP1 expression rises, enhancing the stemness and 
aggressiveness of TNBC. Pertinent to the conversation 
is that RNA modification mechanisms can affect YAP1 
expression, leading to variations among subtypes 
[9]. Jung O. et al. (2024) outlined a new molecular 
mechanism through which nuclear phosphoinositides 
promote the activation of the YAP/TAZ-TEAD complex. 
Contextualization implies that YAP1 activation might take 
place via non-classical signaling pathways [10]. 

This research did not reveal a significant link between 
YAP1 expression and lymph node metastasis, with a 
p-value of (0.912). Unlike the research conducted by Cha, 
Y.J. (2021), which indicated that YAP1 nuclear expression 
was assessed in numerous breast cancer samples and 
was significantly linked to the development of distant 

YAP1 expression was mainly observed in grade 3 tumors, 
with 94.3% exhibiting strong YAP1 expression (+3), in 
contrast to 75% in grade 2 and none in grade 1 tumors 
Table 2.

YAP1 Expression and Lymph Node Metastasis
No significant correlation was found between YAP1 

expression and lymph node metastasis (p-value of 0.912). 
The expression pattern of YAP1 was comparable in cases 
both with and without lymph node metastasis Table 3.

 
YAP1 Expression and Lymphovascular Invasion

No significant correlation was found between YAP1 
expression and lymphovascular invasion (p=0.276). 
YAP1 expression was distributed similarly in cases with 
lymphovascular invasion and those without, as shown 
in Table 4.

Table 1. Sample Characteristics (N=100)
Variable N (%)
Age (years)
     <50 49 (49.0)
     ≥50 51 (51.0)
     Mean ± SD: 50.22±10.20  
YAP1 Expression
     Negative 0 (0.0)
     Positive 1 (+1) 3 (3.0)
     Positive 2 (+2) 25 (25.0)
     Positive 3 (+3) 72 (72.0)
Histological grade
     Grade 1 13 (13.0)
     Grade 2 52 (52.0)
     Grade 3 35 (35.0)
Lymph Node Metastasis
     Metastasis 39 (39.0)
     Non-metastasis 61 (61.0)
LVI
     Positive 22 (22.0)
     Negative 78 (78.0)

N=number of samples; SD=standard deviation; YAP1=YES-associated 
protein 1; LVI=lymphovascular invasion

Table 2. Correlation Between YAP1 Expression and Histological grade in Invasive Breast Carcinoma (N=100)
YAP1 Expression Histological grade Total p-value
 Grade 1 Grade 2 Grade 3   

(%) (%) (%) (%)
Positive 1 3 (23.1) 0 (0.0) 0 (0.0) 3 (3.0)
Positive 2 10 (76.9) 13 (25.0) 2 (5.7) 25 (25.0) 0.001*
Positive 3 0 (0.0) 39 (75.0) 33 (94.3) 72 (72.0)
Total 13 (100) 52 (100) 35 (100) 100 (100)

*Fisher exact test, significant if p<0.05; YAP1=YES-associated protein 1
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metastases [11]. The research conducted by Li, X. et al. 
(2022) identified contextual YAP in the ER+ subtype, 
indicating that YAP may act as a tumor suppressor; 
however, YAP’s role varies across subtypes, explaining 
the differing clinical outcomes observed in various studies 
[12]. Similarly, the research conducted by Luo, J. et al. 
(2023) showed that YAP1 was only significant in grading, 
but not in metastasis or lymphovascular invasion, based 
on global data, possibly due to subtype heterogeneity 
[13], while the study by Sadri F. et al. (2023) examined 
the function of the Hippo-YAP/TAZ pathway in breast 
cancer, emphasizing its impact on EMT, metastasis, and 
stem cell-like characteristics [14]. 

This research indicated that lymph node metastasis 
also did not show a significant correlation between 
YAP1 expression and lymphovascular invasion, yielding 
a p-value of (0.276). In Lee, S.J.’s (2023) research, 
lymphovascular invasion is identified as an independent 
adverse prognostic factor for patients with early-stage 
breast cancer, irrespective of lymph node involvement and 
molecular subtype [15]. This discrepancy between YAP1 
expression and LVI aligns with various other research 
findings. Asaoka, M. (2021). Breast cancer with LVI 
exhibits high proliferation and shows no association with 
gene expression markers related to lymphangiogenesis 
or immune response [16]. Rakha, E.A. (2012) states that 
while LVI serves as a robust predictor of outcomes in 
invasive breast cancer patients, it ought to be incorporated 
into the breast cancer staging system [1]. 

Unlike the research by Khalil, A., A., et al. (2024), 
YAP is engaged in the collective invasion of cells and 
initiates the mechanotransduction process that promotes 
invasion [17]. Similarly, the research conducted by 
Athavale D. et al. (2024) regarding YAP1’s relationship 
with cancer-associated fibroblasts (CAF) and the tumor 
microenvironment indicates that YAP1 is involved not 

just in tumor cells but also in its interactions with the 
stroma, influencing the invasion and aggressiveness of 
breast cancer [18].

The findings indicated that YAP1 expression was 
notably linked to histological grade, but not to lymph node 
metastasis or lymphovascular invasion. The novelty of 
this research lies in being the first report from Makassar, 
Indonesia, exploring YAP1 expression in invasive breast 
carcinoma, thereby enriching regional data on breast 
cancer biomarkers.

In conclusion, this research shows a strong relationship 
between YAP1 expression and histological grade in 
invasive breast cancer, implying YAP1’s possible function 
as a marker for tumor aggressiveness. Nonetheless, YAP1 
expression does not seem to be directly linked to lymph 
node metastasis or lymphovascular invasion. These results 
enhance our comprehension of YAP1’s involvement in 
breast cancer advancement and could influence future 
targeted treatments.
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Table 3. Correlation Between YAP1 Expression and Lymph Node Metastasis in Invasive Breast Carcinoma (N=100)
YAP1 Expression Metastasis Total p-value
 Positive Negative

(%) (%) (%)
Positive 1 1 (2.6) 2 (3.3) 3 (3.0)
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