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Introduction

Breast cancer is one of the most prevalent malignancies 
in women globally [1, 2]. Breast cancer has the highest 
incidence of all cancers in Indonesia, with approximately 
42.1 cases per 100,000 women, and represents a major 
cause of cancer-related mortality at 16.6 deaths per 
100,000 women in 2020 [1-4]. Tumor progression 
involves the spread of tumor cells (metastasis), which 
can occur lymphogenously or hematogenously [5]. Breast 
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cancer prognosis is influenced by several factors, including 
histological grade, lymphovascular invasion (LVI), and 
lymph node metastatic status. The presence of tumor cell 
metastasis in regional lymph nodes dramatically worsens 
the prognosis, with the 5-year survival rate of these 
patients decreasing from over 90 % to as low as 20 % [6].

Hypoxia-inducible factor 1-alpha (HIF-1α) is a 
transcription factor that plays a crucial role in the cellular 
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response to low oxygen levels and acts as a key mediator 
of tumor adaptation, promoting angiogenesis, metabolic 
reprogramming, and metastasis [7, 8]. Consequently, 
high levels of HIF-1α expression are often associated 
with poor prognosis and therapy resistance in breast 
cancer patients [7, 9, 10]. The potential of HIF-1α as 
a biomarker is relevant for patients with or without 
established metastases, as it plays a crucial role in the 
early stages of cancer development, including tumor 
initiation and progression [9, 11–14]. Therefore, assessing 
HIF-1α expression can provide valuable insights into 
tumor aggressiveness and potential therapeutic response, 
facilitating the development of more personalized and 
effective treatment strategies.

Beyond establishing lymph node status, LVI denotes a 
crucial early step in the metastatic cascade. Its presence in 
histopathological examination is a powerful independent 
prognostic factor that is strongly associated with an 
increased risk of regional lymph node metastasis, distant 
recurrence, and lower overall survival rate [15, 16]. 
The biological process of LVI involves the invasion of 
tumor cells into lymphatic or blood vessels, a process 
facilitated by new vessel formation (lymphangiogenesis) 
and increased cell motility, which are heavily influenced 
by the hypoxic tumor microenvironment, where HIF-1α 
is the master regulator [8, 9].

Given the critical role of LVI as a precursor to 
nodal metastasis and the established function of HIF-1α 
in promoting invasion and angiogenesis, a direct 
investigation into the relationship between these two 
components is essential. HIF-1α has been linked to 
metastasis; however, the association between HIF-1α 
expression and the presence of LVI in invasive breast 
cancer of no special type (NST) is unclear. To our 
knowledge, research exploring this specific relationship 
has not been conducted in the Makassar population. 
Therefore, this study aimed to determine the relationship 
between HIF-1α expression and the presence or absence 
of LVI or lymph nodes metastases in breast cancer patients 
in Makassar, Indonesia.

Materials and Methods

Study Design and Population
This cross-sectional study was conducted at Hasanuddin 

University Hospital, Dr. Wahidin Sudirohosodo General 
Hospital, and the Makassar Pathology Diagnostic Center 
Laboratory from April 2023 to August 2023. A minimum 
required sample size of 80 participants was calculated 
a priori using a standard formula for an unpaired 
categorical analytic study [17-19]. A consecutive sampling 
method was then employed. The study population 
comprised 80 paraffin blocks obtained from resections of 
mastectomies of the study participants. The method did 
not involve a random selection from a larger historical 
archive; rather, all patients meeting the inclusion criteria 
were enrolled sequentially until the pre-determined sample 
size of 80 participants was reached. All participants were 
diagnosed with stage I, II, or III invasive breast carcinoma 
and categorized based on the presence or absence of LVI 

and regional lymph node metastasis. Participants were 
selected according to predefined inclusion and exclusion 
criteria.

Inclusion and Exclusion Criteria
The inclusion criteria were: 1) Tissue from surgical 

mastectomy resections that was diagnosed by an 
anatomical pathologist as invasive breast carcinoma (Stage 
I, II, or III); 2) definitive assessment of LVI and regional 
lymph node status via Hematoxylin-Eosin (HE) staining; 
and 3) successful HIF-1α immunohistochemical staining 
and interpretation by two independent pathologists. 

The exclusion criteria were: 1) Paraffin block 
preparations damaged during reprocessing; 2) patients 
diagnosed with Stage IV (metastatic) breast cancer; 3) 
cases of recurrent breast cancer; and 4) patients who had 
received neoadjuvant chemotherapy or radiotherapy prior 
to surgery.

Immunohistochemical Staining 
Immunohistochemical staining was performed on 

tissue sections from the paraffin blocks using the standard 
avidin-biotin-peroxidase complex method. A polyclonal 
antibody against HIF-1α (Elabscience, Houston, TX, USA; 
Cat. No. E-AB-31662) was used. Staining results were 
evaluated under a light microscope by two pathologists. 

Assessment of Variables
Lymphovascular Invasion (LVI): The presence of 

LVI was determined using HE-stained slides. A ‘positive’ 
classification was assessed if tumor cells were observed 
within endothelial-lined vascular or lymphatic channels; 
otherwise, a ‘negative’ designation was allocated.

Lymph Node Metastasis: The presence of metastasis 
was determined by the histopathological examination of 
axillary lymph nodes. The presence of tumor cells in the 
nodes indicated a ‘positive’ assessment, and the absence 
of these cells denoted a ‘negative’ result.

HIF-1α Expression: HIF-1α immunoexpression was 
evaluated using a semi-quantitative scoring system [20] 
involving the calculation of an Immunoreactive Score 
(IR-Score) by multiplying the staining intensity by the 
proportion of stained cells. This method was chosen as it 
provides a more comprehensive and objective measure of 
overall protein expression than the assessment of either 
parameter alone. An IR-Score of 0–2 was considered 
‘negative’, while a score of 3–9 was considered ‘positive’.

Data Analysis 
Data were processed using Microsoft Excel 2020 

and SPSS version 26 (IBM Corp., Chicago, Ill., USA). 
The Chi-square test was used to assess the association 
between categorical variables (HIF-1α expression vs. 
LVI or metastasis status). The Mann-Whitney U test was 
used to compare the means of ordinal data (intensity, 
proportion, and IR-Score) between groups. A p-value of 
<0.05 was considered statistically significant.
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Discussion

The results of this study demonstrate a significant 
association between HIF-1α expression and two key 
indicators of tumor progression LVI and lymph node 
metastasis in invasive breast cancer. Our demographic 
finding that breast cancer was more prevalent in patients 
aged ≥50 years aligns with global epidemiology, which 
reports that cancer risk increases with age due to the 
accumulation of cellular modifications over time [21, 22].

Positive LVI findings were identified in the majority 
of the participants (67.5 %). The presence of LVI is a 
recognized histopathological feature of malignancy and 
metastatic potential, and in breast cancer, tumor emboli 
predominantly occur in lymphatic vessels. The reported 
frequency of LVI in breast cancer literature varies widely, 
from 8.8 % to 69.5 %; this fluctuation is often attributed 
to the time-intensive nature of LVI assessment and inter-
observer variability. The rate observed in our study is 
consistent with the upper end of this reported range [23].

Furthermore, our study demonstrated that four 
times more participants showed lymph node metastasis 
compared to those without this condition. This result is 
consistent with the findings of Nathanson et al. (2022) 
[24], who reported that higher-grade invasive breast 
cancers tended to metastasize to lymph nodes. This process 
is associated with the role of the lymphatic system in 
the dissemination of breast cancer cells. As cancer cells 
develop, they can enter lymphatic vessels and spread to 
nearby lymph nodes, an event that is frequently associated 
with a poor prognosis [5, 24, 25].

Our results further reported that 51 of 80 participants 
(63.7 %) showed positive HIF-1α expression. HIF-1α 
is a dimeric protein complex that mediates the response 
of the body to hypoxic conditions. HIF-1α is not 
typically detected in normal human tissue due to its 
rapid degradation under normoxic conditions. However, 
its expression is markedly increased in several cancers, 
including breast, lung, and prostate cancer. Through its 
function in hypoxic environments, HIF-1α facilitates the 
adaptation of cancer cells by promoting angiogenesis 
to meet the increased demand for oxygen and nutrients, 

Results

The characteristics of the 80 participants are 
summarized in Table 1. The majority of participants were 
≥50 years of age (53.8 %), with a mean age of 51.6 ± 10.4 
years. High prevalences of lymph node metastasis and LVI 
presence were observed, with positive assessments in 64 
(80.0 %) and 54 (67.5 %) participants, respectively. Based 
on immunohistochemical assessment, 51 participants 
(63.7 %) were classified as having positive HIF-1α 
expression. Positive HIF-1α expression was visualized as 
brown nuclear staining in tumor cells (Figure 1).

A significant association was identified between 
HIF-1α expression and LVI presence (p=0.012; Table 2). 
Tumors from participants with positive HIF-1α expression 
demonstrated an approximate four-fold higher risk of 
exhibiting lymphovascular invasion (OR 3.896, 95 % CI 
1.451–10.462) compared to those with negative HIF-1α 
expression. Similarly, the majority of LVI-positive tumors 
(74.1 %) showed positive HIF-1α expression.

Table 3 shows a comparison of HIF-1α scoring 
components based on LVI status. While the mean 
staining intensity did not differ significantly between 
the LVI-positive and LVI-negative groups (p=0.150), the 
mean proportion of stained area was significantly higher 
in LVI-positive tumors (p=0.015). Consequently, the mean 
IR-Score was also significantly higher in the group with 
LVI (p=0.036).

Table 4 identifies a significant association (p=0.031) 
between HIF-1α expression and lymph node metastasis, 
indicating that HIF-1α-positive tumors had an 
approximately four-fold greater risk of metastasizing to 
regional lymph nodes (OR 3.947, 95 % CI 1.256–12.409) 
than HIF-1α-negative tumors. Correspondingly, 70.3 % 
of samples with positive lymph node metastasis showed 
positive HIF-1α expression.

When comparing scores based on metastatic status 
(Table 5), the mean proportion of stained area was 
significantly higher in tumors with lymph node metastases 
(p=0.039). However, the differences in mean intensity 
(p=0.252) and the overall IR-Score (p=0.077) were not 
statistically significant between the metastatic and non-
metastatic groups.

Figure 1. Immunohistochemical Staining of HIF-1α 
Expression Based on the Degree of Histopathology 
of Invasive Breast Carcinoma. HIF is observed in the 
nucleus of tumor cells. (Magnification 400x)

Table 1. Participant Characteristics
Variable n (%)
Age (years)
     <50 37 (46.3)
     ≥50 43 (53.8)
LVI
     Positive 54 (67.5)
     Negative 26 (32.5)
Metastasis
     Positive 64 (80.0)
     Negative 16 (20.0)
HIF-1α expression
     Positive 51 (63.7)
     Negative 29 (36.3)
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thereby contributing to tumor proliferation [26-28].
This study reported that the majority of participants 

with positive LVI also showed positive HIF-1α expression 
(74.1 %). This finding corroborates the research of Schito 
et al. (2012) [29], who demonstrated a linear correlation 
between HIF-1α, PDGF-B, and the area of LVI, suggesting 
that HIF-1α signaling is important for lymphangiogenesis 
and metastasis in breast cancer. Although our study did 
not measure mechanistic mediators directly, our statistical 
results suggest an indirect relationship between HIF-
1α expression and LVI. Vascular Endothelial Growth 
Factor-C (VEGF-C), a factor induced by HIF-1α, has been 
correlated with lymphangiogenesis in breast cancer, and 
Ni et al. (2013) [30] reinforced this association by showing 
that HIF-1α expression had a significant relationship with 
lymphatic microvessel density (LMVD) through its role 
in inducing VEGF-C. HIF-1α activates the transcription 
of several genes involved in neovascularization and tumor 
metastasis, including endothelin-1, VEGF, and inducible 
nitric oxide synthase [31]. 

Our study found no significant difference in mean 
staining intensity based on LVI status. Overall, while 
existing studies suggest that HIF-1α expression may 
enhance LVI in breast cancer through its effects on 
VEGF-C and PDGF-B expression, more research is 
needed to fully elucidate the direct relationship.

A significant relationship was found between HIF-1α 
expression and tumor cell metastasis to the lymph nodes; 
70.3 % of participants with lymph node metastasis showed 
positive HIF-1α expression. This aligns with Liu et al. 
(2015) [32], who reported that high HIF-1α expression 
predicted metastasis and correlated with poor clinical 
outcomes in breast cancer. Those authors stated that 
HIF-1α regulates metastasis through various mechanisms, 
including mediating epithelial-mesenchymal transition 
(EMT), invasion, and metastatic niche formation. Similar 
studies support the role of HIF-1α expression in breast 
cancer metastasis, such as that of Schito et al. (2012) 
[29], who specified that HIF-1α plays an important role 
in lymphangiogenesis and lymphatic metastasis in breast 
cancer through its effect on Platelet-Derived Growth 
Factor B (PDGF-B) transcription [30-32].

 Our study found no significant difference in 
mean intensity and IR-score between tumors that had 
metastasized to lymph nodes and those that had not. 
This observation appears to contrast with the established 
role of HIF-1α in promoting metastasis. However, this 
finding is consistent with the results of Kim and Simon 
(2022) [33], which indicated high HIF-1α expression in 
non-metastasized breast cancer tissue. The hypothesis of 
those authors suggests that while high HIF-1α expression 
may not universally initiate metastasis, metastasizing 

Table 2. Relationship between HIF-1α Expression and LVI
HIF-1α expression LVI OR (CI 95 %) p-value*

Positive Negative
Positive 40 (74.1) 11 (42.3) 3.896 0.012
Negative 14 (25.9) 15 (57.7) (1.451–10.462)

Note, *Chi-square test; HIF-1α=hypoxia inducible factor-1 alpha; LVI = lymphovascular invasion

Table 3. Comparison of Intensity, Proportion, and IRS Based on the Presence of LVI 

HIF-1α expression LVI (Mean±SD) p-value*
Positive Negative

Intensity 2.07±0.89 1.77±0.86 0.15
Proportion 2.26±0.76 1.81±0.75 0.015
IR-Score 4.93±2.96 3.58±2.82 0.036

Note, *Mann–Whitney test

Table 4. Relationship between HIF-1α expression and tumor cell metastasis to lymph nodes

HIF-1α expression Lymph node metastasis OR (CI 95 %) p-value*
Positive Negative

Positive 45 (70.3) 6 (37.5) 3.947 0.031
Negative 19 (29.7) 10 (62.5) (1.256–12.409)

Note, *Chi-square test, HIF-1α=hypoxia inducible factor-1 alpha; OR=odd ratio.

Table 5. Comparison of Intensity, Proportion, and IRS Based on Lymph Node Metastasis

HIF-1α expression Metastasis (Mean±SD) p-value*
Positive Negative

Intensity 2.03±0.87 1.75±0.93 0.252
Proportion 2.20±0.76 1.75±0.77 0.039
IR-Score 4.73±2.92 3.50±3.01 0.077

Note, *Mann–Whitney test.



107

 

Asian Pacific Journal of Cancer Biology• Vol 11• Issue 1

apjcb.waocp.com                   Agnes Dyah Christinahadi, et al: Hypoxia-Inducible Factor-1 Alpha Expression Correlates with Lymphovascular

tumors with high HIF-1α levels show increased 
aggressiveness, resulting in a poorer prognosis for the 
patient.

One limitation of this study is that the analysis was 
confined to HIF-1α immunohistochemistry. Therefore, 
future research is warranted to correlate HIF-1α expression 
with the status of hormonal receptors (ER, PR, and Her-2) 
and the expression of related molecules such as VEGF-C, 
PDGF-B, endothelin-1, and nitric oxide synthase. In 
addition, while our study included a range of stages (I–III), 
we did not perform sub-analyses based on specific tumor 
burden characteristics (e.g., T-stage or N-stage), which 
could offer further insights into the relationship between 
tumor heterogeneity and HIF-1α expression. Finally, the 
use of a consecutive sampling method within a specific 
time frame can introduce temporal selection bias, as the 
patient cohort may not fully represent the characteristics of 
all patients diagnosed throughout the year. Future studies 
with longer enrollment periods could help validate the 
generalizability of these findings.

In conclusion, this study provides strong evidence 
that HIF-1α expression is significantly associated with 
lymphovascular invasion and lymph node metastasis in 
invasive breast cancer. These findings reinforce the role 
of HIF-1α as a critical driver of tumor progression and 
highlight its potential as a prognostic biomarker to identify 
patients at high risk of metastatic disease.
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