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ABSTRACT

Background: Breast cancer prognosis is closely related to tumor size (T stage). The Vitamin D receptor
(VDR), found in about 80% of breast cancer cases, inhibits tumor growth, promotes differentiation, and
enhances apoptosis. The growth of tumor cells is linked to B -Catenin, an essential element of the Wnt
signaling pathway. Both B-catenin and VDR affect breast cancer aggressiveness. This study explored
their correlation with the T stage of invasive breast carcinoma of no special type. Methods: This research
employed a cross-sectional design, applied on paraffin-embedded specimens from patients with invasive
breast cancer of no special type (NST) who underwent modified radical mastectomy (MRM) at Dr. Soetomo
General Academic Hospital from January 2019 to June 2023. The samples were categorized into four
groups based on the T stage. Immunohistochemical staining was performed using VDR and B -catenin
antibodies. This study used analytic statistical methods to examine differences and correlations among
VDR and B -catenin. Results: VDR expression and T stages were significantly different and negatively
correlated. Expression of B-Catenin revealed significant differences and had positive correlations with
T stages. VDR and B -catenin expressed no significant negative correlation with T stages. Conclusion:
The study found significant differences and correlations between VDR and B -catenin expression with T
stages in invasive breast carcinoma of NST. Both jB-catenin and VDR play crucial roles in breast cancer

cell proliferation.
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INTRODUCTION

The most frequent malignancy among women
is breast carcinoma. In Indonesia, there were
approximately 65,858 (16.6%) new cases in
2020, while the global total was over 2 million
(approximately 11.7%).! In developed nations such
as Indonesia, this particular kind of cancer is the
second most prevalent cause of death from cancer,
accounting for 22,430 cases (9.6% of the total).?
From January to December 2022, the Anatomical
Pathology Unit of RSUD, Dr. Soetomo Surabaya,
recorded a total of 208 invasive breast cancer of
NST. Among these cases, 67 were mastectomy
cases, and 190 (91.34%) were malignant invasive
breast cancer of NST.

Several factors determine the prognosis of
breast cancer. Besides to the tumor stage and
differentiation degree (grading), the molecular
subtype is extremely important.>* Knowledge of
the molecular pathways underlying breast cancer
pathogenesis has been established and utilized as
predictive and prognostic factors for patients over
the past decade. Recent studies have investigated
various hormonal receptors beyond ER/PR that
possess prognostic significance, including the
VDR (vitamin D receptor). This receptor is ligand-
dependently modulatory of gene expression and
belongs to the steroid hormone receptor family.®
The vitamin D receptor exists in approximately
80% of individual breast tumor samples.® Vitamin
D can regulate proliferation, differentiation, and
apoptosis in various cell types.” Prior research
indicates that VDR expression correlates with

favorable clinical and pathological characteristics
across multiple cancer types, including breast
cancer.*® According to other research, VDR
expression is substantially lower in individuals
with bone metastases, suggesting that low VDR
expression may increase metastatic potential. VDR
expression levels act as a biomarker for predicting
the progression of breast cancer."

B-catenin is an essential protein for regulating of
Wnht signaling. This protein is crucial for mammary
gland  development during embryogenesis,
pregnancy. One of the most frequently changed
pathways in breast cancer is represented by this
protein. These alterations include proliferation,
metastasis, therapeutic resistance, and phenotype
formation in breast cancer.'"" Literature indicates
that B-catenin expression may serve as a marker
for advanced cancer stages and can function as a
prognostic indicator in breast cancer.'*¢

Vitamin D receptors modulate the Wnt/B-catenin
signaling pathway by inducing axin gene expression
and enhancing GSK3 activity, thereby influencing
B-catenin stability. The VDR induces DKK1 gene
expression in colorectal carcinoma, preventing the
extracellular Wnt/p-catenin pathway and decreasing
the proliferation, differentiation, and invasion of
cancer cells.”'® This study sought to elucidate the
relationships and distinctions in VDR and B-catenin
expression during breast cancer progression, as
measured by tumor size (T stage), and to find the
correlation among VDR and B-catenin expression in
different T stages.
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METHODS
Study Design and Research Subjects

The cross-sectional design was conducted. The study population
consisted of paraffin blocks from modified radical mastectomy (MRM)
tissue samples of patients with invasive breast carcinoma of No Special
Type (NST) at the Anatomical Pathology Laboratory of Dr. Soetomo
General Academic Hospital from January 2019 to June 2023. The
research sample comprised paraffin blocks from patients diagnosed
with invasive breast carcinoma of NST, adhering to the study's
inclusion and exclusion standards.

Variables and Data Collection

The first variable in this study is VDR and P-catenin expression. The
expression of VDR occurs in invasive breast carcinoma tumor cells,
evaluated using the immunohistochemistry method with monoclonal
antibodies against VDR and processed according to the specified
protocol. Both the nucleus and the cytoplasm exhibit the positive
expression of VDR Expression of PB-catenin in invasive breast
carcinoma tumor cells is evaluated using immunohistochemistry with
monoclonal antibodies against p-catenin and processed according to
the specified protocol. Both the nucleus and the cytoplasm exhibit the
positive expression of P-catenin. Two anatomical pathology experts
measure VDR and B-catenin expression using an Olympus CX31
binocular light microscope.

The diagnosis and staging of invasive breast carcinoma of NST are
established based on the WHO Classification of Tumors, Breast
Tumors, 5th Edition, 2019. Invasive breast carcinoma of NST with
T staging performed on tumors from MRM specimens that have not
received neoadjuvant chemotherapy were divided into 4 groups; T1 (12
cases), T2 (16 cases), T3 (14 cases), and T4 (7 cases).

Staining intensity (I) is classified as: 0 for no staining, 1 for weak, 2 for
moderate, and 3 for intense. The proportion of all stained cells (Ptotal)
varies from 1% to 100%. The histochemical scoring (H-score), which
ranges from 0 to 300, is calculated using the formula: (0xP0) + (1xP1)
+ (2xP2) + (3xP3). The H-score results are interpreted as follows: 0 for
negative (1-49), 1 for weak (50-99), 2 for moderate (100-199), and 3 for
strong (200-300).

Statistical Analyses

The data obtained will be statistically tested using the EZR program.
Differences in the expression of VDR and p-catenin across several T
stages of invasive breast carcinoma of NST will be analyzed using the
Kruskal-Wallis test. The differences in VDR and p-catenin expression
in each group will be considered significant if a p-value of <0.05 is
obtained. Using Spearman's correlation test, this study will analyse the
correlation between VDR and [B-catenin expression across different T
stages of invasive breast carcinoma of NST. Results from the statistical
tests will be deemed significant if a p-value of less than 0.05 is achieved.

RESULTS

Sample Characteristics

This study's samples are 49 paraffin blocks that meet the inclusion and
exclusion criteria. Statistical calculations were obtained using purposive
sampling techniques. Table 1 provides a summary of the distribution
of the sample based on age group, tumor grade, and tumor stage. The
largest age group is 41-50 years, which accounts for 32.65% of the total.
This is followed by the 51-60 years (26.53%), 31-40 years (16.33%), 61-
70 years (14.29%), 71-80 years (8.16%), and the smallest group is 20-
30 years (2.04%). In terms of tumor grade, Grade III tumors are the
most prevalent, occurring in 27 cases (55.10%). The T2 stage is the most
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Table 1. Sample Characteristics.

Characteristics Frequency %
Age Group
20-30 years 1 2.04
31-40 years 8 16.33
41-50 years 16 32.65
51-60 years 13 26.53
61-70 years 7 14.29
71-80 years 4 8.16
Tumor Grade
Grade I 3 6.12
Grade II 19 38.78
Grade III 27 55.10
T Stadium
T1 12 24.00
T2 16 33.00
T3 14 29.00
T4 7 14.00

frequent tumor stage, with 16 cases (33.00%). The T3 stage follows with
14 cases (29.00%), the T1 stage includes 12 cases (24.00%), and the T4
stage is the least frequent, with 7 cases (14.00%).

Differences in VDR and B-catenin expression in Various
T Stage

The most common level of VDR expression is moderately positive, seen
in 21 (42.86%) samples. In the T1 group, strong positive expression
is highest, found in 6 (50%) samples, followed by moderate and weak
positive in 3 (25%) samples each. In the T2 group, moderate positive
expression occurs in 11 (22%) samples, followed by strong positive in 3
(6%) and negative in 2 (4%) samples; no weak positive expression was
observed. In the T3 group, weak positive expression is most common,
appearing in 8 (57%) samples, moderate positive in 6 (43%) samples,
and no strong positive or negative expression. In the T4 group, negative
and weak positive expressions are equally common in 3 (43%) samples,
with moderate positive in 1 (14%) sample and no strong positive
expression (Figure 1A, 1B and 1C).

For P-catenin expression, the most common level is moderately
positive, present in 22 (44.9%) samples. In the T1 group, moderate
positive expression is highest in 7 (58%) samples, followed by weak
positive in 3 (25%) and negative in 2 (17%) samples; no strong positive
expression was found. In the T2 group, moderate positive expression
is most common in 9 (18%) samples, followed by strong positive in
7 (14%) samples; no weak positive or negative expression was found.
In the T3 group, strong positive expression is highest in 10 (71%)
samples, with moderate positive in 3 (21%) samples and negative
expression in 1 (7%) sample; no weak positive expression was found.
In the T4 group, strong positive expression is most common in 4 (57%)
samples, followed by moderate positive in 3 (43%) samples, with no
weak positive or negative expression observed (Figure 2A, 2B and 2C).

The Kruskal-Wallis test revealed that VDR expression significantly
decreases (p=0.00183), while pP-catenin expression significantly
increases with advancing T stages (p=0.000751) (Figure 1).

Correlation Between VDR and [-catenin Expression
Across Various T stages

The relationship between VDR and B-catenin expression across
various T stages of invasive breast carcinoma of NST was statistically

verified using the Spearman correlation test. The results of the analysis
exhibited a significant negative correlation between VDR expression
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Figure. 1. VDR expression in invasive breast carcinoma of NST tumor cells. (A) Weak positive expression, 400x magnification (B) Moderate positive
expression, 200x magpnification (C) Strong positive expression, 200x magnification.

Figure 2. Expression of 3-catenin in tumor cells of invasive breast carcinoma of NST. (A) Weak positive expression, magnification 400x (B) Moderate
positive expression, magnification 200x (C) Strong positive expression, magnification 200x.
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Figure 3. Differences in VDR and [3-catenin expression in various T stages. Boxplot diagram showing differences in VDR (A) and -catenin expression (B)
across various T stages (T1, T2, T3, and T4) in invasive breast carcinoma of NST.
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Table 2. VDR and B-catenin Expression in Various T Stage

T Stage
Variable T1 T2 T3 T4 Total P value
N(%) N(%) N(%) N(%)

VDR Expression
(H-Score)
Negative (0) 0(0) 2(@4) 0 (0) 3(43) 5
Weak (1) 325 0(0) 8(57) 3(43) 14 0.00183
Moderate (2) 3(25) 11(22) 6(43) 1(14) 21
Strong (3) 6(50) 3(6) 0 (0) 0 (0) 9
Total 12(100) 16(100) 14(100) 7(100) 49
B-catenin Expression
(H-Score)
Negative (0) 2(17) 0(0) 1(7) 0 (0) 3
Weak (1) 325 0(0) 0() 0() 3 0.000751
Moderate (2) 7(58) 9(18) 3(21) 3(43) 22
Strong (3) 0 (0) 7 (14 10 (71) 4(57) 21
Total 12(100) 16(100) 14(100) 7(100) 49

Table 3. Spearman correlation test results between VDR and B-catenin
expression.

B-catenin expression

r, -0.188
p 0.189
VDR expression
n 49

and the different T stages (r = -0.532, p = 0.0000694), indicating that
higher VDR expression is inversely related to the progression of T
stages. Furthermore, a significant positive correlation was observed
between [-catenin expression and the various T stages (r = 0.506, p =
0.000176), meaning that higher -catenin expression corresponds with
the progression of T stages. Meanwhile, no significant correlation was
observed between VDR and f-catenin expression across the different
T stages of invasive breast carcinoma of NST (r = -0.188, p = 0.189)
(Table 3).

DISCUSSION

This study comprises 49 purposively sampled female participants,
aged between 28 and 80, with a mean age of 51.67. Compared to men,
women are far more likely to develop breast cancer; women are a
hundred times more likely to get breast cancer than men.** The most
common age group is 41-50 (32.65%), followed by 51-60 (28.57%). The
61-70 and 31-40 age groups represent 14.29% of participants, while 71-
80 years accounts for 8.16%, and 20-30 years is the least common at
2.04%. It is in line with what Lim et al. found that Asian women are
more likely than their Western counterparts to get breast cancer, with
peak incidence occurring in Asia between the ages of 40 and 50 and
in the West between the ages of 60 and 70. The increasing risk also
fluctuates around menopause due to hormonal changes.?****¢ Young
breast cancer cases often involve BRCA1/BRCA2 mutations and a
higher risk of bilateral cancer.?*¥

This study reports that grade 3 is the most common, accounting for 27
samples (55.10%), followed by grade 2 with 19 samples (38.78%), and
grade 1 with 3 samples (6.12%). This result is consistent with research
on the clinicopathological features of breast cancer in young women,
conducted in Indonesia by Anwar et al. That study found that of the
1259 samples in total, 78.5% were grade 3, with grade 2 accounting for
20.8% of cases.” This finding, however, is not consistent with a study
carried out in the United States by DeSantis et al., which indicated

Pharmacognosy Journal, Vol 16, Issue 6, Nov-Dec, 2024

that the most prevalent type of invasive breast cancer was grade 2.
Previous research have reported that tumor grade in breast cancer has
prognostic value for outcomes and recurrence rates comparable to
lymph node metastasis status. The prognostic value of tumor grade is
even greater than tumor size.**

Immunohistochemical analysis showed significant differences in VDR
expression across T stages, with a p-value of 0.001 (p<0.05). These
findings suggest that higher VDR expression correlates with smaller
tumor size (T stage). These results align with previous studies on VDR
expression. Based on a study by Voutsadakis et al. on VDR expression
and metabolism in invasive breast cancer, tumor characteristics like
lower grade, ER positive, PR positive, low Ki67 expression, or molecular
subtypes like luminal are associated with positive VDR expression in
the nuclei and cytoplasm of breast cancer cells.* Similarly, Huss et al.
reported that VDR expression correlates with a lower risk of mortality
caused by breast cancer. Among other cancer types, VDR malfunction
has been linked to an increased risk of breast cancer.>” Activation
of the VDR influences tumorigenesis by regulating genes involved
in processes like inhibiting cell proliferation, promoting cancer cell
differentiation, inducing apoptosis and autophagy, modulating the
immune system, and preventing angiogenesis.*>*

The study also assessed B-catenin expression, finding that tumor cells
most common staining was in the cytoplasm. B-catenin expression at
various T stages showed significant differences (p<0.05), with higher
expression correlating with larger tumor size. The Wnt/B-catenin
signaling pathway is activated, leading to the translocation of B-catenin
from the membrane to the cytoplasm. This is the basic process behind
B-catenin expression in the cytoplasm. The overexpression of f-catenin
and its accumulation in the cytoplasm of breast cancer cells is directly
linked to low expression of APC, a key finding with significant
implications in breast cancer research.>**

Increased PB-catenin expression has been linked to tumor progression
(T stage) in multiple studies looking at P-catenin expression in
invasive malignancies, including breast cancer. Consistent with this
study, research by Sefidbakht et al. on -catenin expression in breast
cancer connected to clinicopathological characteristics indicated that
B-catenin protein expression is low in stage I tumors and strong in
stage III tumors. B-catenin is a multifunctional protein located in the
nucleus and cytoplasm of cells and is a key mediator in several signal
transduction pathways, including the Wnt pathway"®. In normal breast
tissue, P-catenin is strongly expressed at the luminal epithelial cell
membrane but negatively stained in the cytoplasm and nucleus. In
contrast, in invasive breast cancer cells, f-catenin is expressed in the
nucleus, cytoplasm, and membrane, but the intensity of the staining
decreases significantly to negative on the membrane of breast cancer
cells.’*'* The study done by Xu et al. in Hangzhou also revealed that
most invasive breast cancer cases of non-specific origin exhibited
B-Catenin expression, with 80.6% expressed in the cytoplasm and
12.5% in the nucleus.”

The correlation between VDR expression at various T stages showed a
negative significant correlation (p<0.05), indicating that higher VDR
expression is negatively correlated with increasing T stage. Previous
research on VDR expression across different cancers, particularly breast
cancer, has been extensively documented, with the majority suggesting
an inverse relationship between VDR expression and breast cancer
aggressiveness. Elevated VDR expression correlates with reduced
tumor progression and extended survival rates. Consequently, low
VDR expression may serve as a prognostic marker for the progression
of various cancers, including breast cancer.”

The analysis demonstrated a significant positive correlation between
B-catenin expression and the T stages of invasive breast carcinoma of
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NST (p < 0.05), suggesting that elevated p-catenin expression is linked
to higher T stages. Sefidbakht et al. concerning p-catenin expression and
localization in breast cancer, indicating that the expression of B-catenin
in both the nucleus and cytoplasm is linked to invasion, metastasis, and
unfavorable prognosis. The Wnt pathway activation has been rated as a
prognostic marker for breast cancer development.'**¢%

The correlation between VDR expression and B-catenin was negative.
This research reviews how VDR activation can inhibit the Wnt/B-
catenin signaling pathway and the results indicate both proteins have
opposite expressions at the T stage, but statistically, there was no
significant correlation. Breast cancer is a heterogeneous disease that
includes genetically and epigenetically distinct groups, each exhibiting
diverse clinical presentations. Breast cancer exhibits heterogeneity
through varying expressions of ER, PR, and HER2.? Several studies
showing VDR expression may affect the -catenin pathway have been
proven in colorectal cancer by inducing DKK1 gene expression.***
The role of DKK-1 in breast cancer remains contentious, with direct
evidence from studies being notably scarce. Previous studies have
indicated that DKK-1 is expressed in hormone-resistant breast cancer,
specifically in ER/PR negative cases.'”!

This study acknowledges several limitations. Firstly, it did not
categorize patients with invasive breast carcinoma of NST by grading,
molecular subtype, stage N, or stage M, which may account for the
lack of significant correlation between VDR expression and f-catenin.
These factors should be considered when interpreting the findings.

CONCLUSIONS

This study reveals several key findings regarding the expressions of
VDR and -catenin at various T stages. It was observed that higher
T stages, indicating larger tumor sizes, are associated with lower
VDR expression and higher B-catenin expression. VDR expression
decreases significantly as the tumor size increases, showing a strong
negative correlation. Conversely, -catenin expression increases with
larger tumor sizes, reflecting a moderate positive correlation. However,
no significant negative correlation was observed between VDR and
B-catenin expressions, suggesting that their effects on tumor growth
are independent.
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