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Abstract

Objective: Breast cancer is a major health issue for women worldwide, with high incidence rates and as one of
the primary causes of mortality among women. However, molecular studies related to the development and spread
of breast cancer are still not well understood. According to research reports, the Semaphorin 3G (SEMA3G) gene
significantly contributes to the growth and dissemination of cancer cells. The aim of this study was to compare the
expression of the SEMA3G protein found in healthy breast tissue versus breast cancer patient tissue and to investigate
the correlation between SEMA3G protein expression and the spread of breast cancer cells to axillary lymph nodes, as
well as other clinical data, using immunohistochemistry. Results: From the study of 88 breast tissue samples, it was
found that SEMA3G levels, with an immunohistochemistry (IHC) index > 4, were significantly higher in breast cancer
tissue compared to normal breast tissue (P-value < 0.0001, OR (95% CI) = 8.565 to +infinity). Moreover, SEMA3G
protein expression (IHC index > 6) was detected at elevated levels in breast cancer tissue that had spread to axillary
lymph nodes compared with breast cancer tissue without lymph node metastasis (P-value = 0.038, OR (95% CI) =
4.41 (1.19-13.81)). Additionally, the study found a positive correlation between high SEMA3G protein expression
and HER2-positive breast cancer. Conclusions: Higher SEMA3G expression was significantly associated with breast
cancer presence, axillary lymph node metastasis, and HER?2 positivity, indicating that SEMA3G may play a role in
tumor aggressiveness and could serve as a potential marker for disease progression, with potential implications for
clinical decision-making in treatment strategies.
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are used, with prognostic markers commonly employed
in daily practice, such as patient age, tumor size, lymph

Introduction

Breast cancer is a global public health issue that
leads to a significant loss of life and substantial medical
treatment costs. In 2018, there were 2.09 million new
cases, accounting for 24.2% of all cancers, and it is the
most common cancer in women [1]. In Thailand, according
to hospital cancer registries, breast cancer is one of the
most prevalent cancers among women, with 780 new
cases reported in 2017 [2]. It is most commonly found in
women aged 40 and above [3]. The most common type
of breast cancer in Thai women is ductal carcinoma [4].
According to a report from Songklanagarind Hospital in
southern Thailand, breast cancer is the most frequently
diagnosed cancer in women, with an incidence of 671
cases in 2017 [5].

To classify breast cancer patients for prognostication
and treatment decisions, clinical and pathological data

node metastasis, nuclear grade, and the expression
of hormone receptors like estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth
factor receptor 2 (HER2) [6]. Among these markers,
axillary lymph node status is considered the most critical
indicator for prognostic breast cancer [7], as the spread
of cancer cells to the axillary lymph nodes is crucial for
prognosis and determining subsequent treatment options
[8]. For accurate staging of the disease, which aids in
planning treatment and predicting outcomes, doctors
must perform surgery to remove axillary lymph nodes to
check for metastasis. Therefore, if it is possible to predict
that breast cancer cells have the potential to spread to
the axillary lymph nodes by analyzing the expression of
proteins in the initial breast cancer tissue sample, it could
potentially eliminate the need for further lymph node
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surgery to detect additional cancer cells, thereby reducing
unnecessary surgery.

Semaphorin 3G (SEMA3G), a member of the class
3 semaphorin family, has been reported to function
predominantly as a tumor suppressor in several cancer
types [9]. The expression of SEMA3G can inhibit
cell invasion and migration. Research has shown that
overexpression of SEMA3G can suppress the invasion and
migration of cells, as these processes are key mechanisms
in cancer metastasis. Therefore, proteins involved in
these processes are considered highly significant [10].
In contrast, over-expression of SEMA3Gb results in an
abnormal cranial neural crest cells (NCCs) migration
phenotype in zebrafish [ 11]. However, emerging evidence
suggests that the role of SEMA3G may be context-
dependent, with its expression and function varying across
tissue types and tumor microenvironments [ 12]. In normal
physiology, SEMA3G is involved in vascular patterning,
axon guidance, and immune regulation [13, 14].

We previously demonstrated the overexpression of
SEMA3G in breast cancer tissues compared to normal
counterparts using real-time quantitative PCR [15]. The
research team intends to expand the study to examine
protein expression levels, which will be assessed using
immunohistochemistry. The study aims to compare the
protein expression of SEMA3G in breast cancer cells to
its expression in normal tissue. Investigation will include
29 samples of cancer tissue with axillary lymph node
metastasis (Axillary node positive), 29 samples without
lymph node metastasis (Axillary node negative), and 30
normal breast tissue samples. Statistical analysis will be
performed to determine whether the expression of the
SEMA3G protein can serve as a prognostic marker for the
spread of cancer cells to the axillary lymph nodes. This
could be valuable for planning treatment and predicting
outcomes in breast cancer patients.

Materials and Methods

Human subjects and tissue specimens

Tissue samples, including invasive ductal breast
cancer and normal breast tissues, were collected from
the Department of Anatomical Pathology, Hatyai
Hospital, Songkhla Province, between January 2020
and December 2021. These samples were obtained from
female patients who had not undergone radiotherapy or
neoadjuvant therapies prior to tissue collection. Patient
characteristics included age at diagnosis, type of tissue,
tumor grade, and regional lymph node status. Histological
grading of breast cancer was performed using standard
criteria: Grade I (well-differentiated tumors), Grade II
(moderately differentiated tumors), and Grade III (poorly
differentiated tumors). This study was conducted under
a protocol approved by the Ethics Committee of Hatyai
Hospital (HYH EC 114-64-02) and the Ethical Clearance
Committee on Human Rights Related to Research
Involving Human Subjects (WUEC-21-328-01). Informed
consent was not obtained; however, all patient records and
information were anonymized and de-identified prior to
analysis. Patient names and Hospital Numbers (HN) were
not disclosed to ensure confidentiality.
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Inclusion and Exclusion Criteria

Only patients with invasive ductal carcinoma (IDC)
of the breast, who had not received prior chemotherapy
or radiotherapy, were included. The tissue samples were
categorized as follows: 30 normal breast tissues, 29
samples with axillary node-negative breast cancer, and 29
samples with axillary node-positive breast cancer.

Immunohistochemistry (IHC)

The THC protocol for detecting SEMA3G protein
expression followed the established procedure, as
described by Ramos-Vara [16], with modifications as
detailed below.

Tissue blocks were sectioned at 5 um and mounted on
positively charged slides. Sections were deparaffinized
with xylene and rehydrated through a graded ethanol series
(100%, 80%, 70%). Antigen retrieval was performed in 0.01
M sodium citrate buffer (pH 6.0) using a pressure cooker
at 125°C for 4 minutes. Endogenous peroxidase activity
was blocked using 3% hydrogen peroxide for 30 minutes
in the dark at room temperature. Non-specific binding
was minimized by incubating with normal serum for 30
minutes in a humid chamber. Slides were then incubated
overnight at room temperature with a rabbit polyclonal
anti-SEMA3G primary antibody (1:100 dilution). The
next day, sections were incubated with a goat anti-rabbit
horseradish peroxidase-conjugated secondary antibody
(1:250 dilution) for 30 minutes, followed by visualization
with 3,3’-diaminobenzidine (DAB) substrate. Nuclei were
counterstained with Mayer’s hematoxylin, then slides were
dehydrated, cleared in xylene, and mounted. Evaluation
of SEMA3G expression was performed independently by
two blinded researchers using light microscopy at 100%
and 400x magnification across 10-20 representative fields
per slide. The percentage of positively stained cells was
scored as follows: 0% (negative), 1-25% (+1), 26-50%
(+2), and >50% (+3). Staining intensity was scored as
weak (1), moderate (2), or strong (3). The IHC index for
each sample was calculated by multiplying the intensity
score by the percentage score.

Statistical analysis

Descriptive statistics (mean + standard deviation
for continuous variables; frequencies and percentages
for categorical variables) were used to summarize
patient demographics and clinicopathological
characteristics. Protein expression was calculated as the
Immunohistochemistry (IHC) index = % Positive cells
x intensity. The expression of the SEMA3G protein
in normal individuals versus breast cancer patients
was determined using Student’s t-test for comparisons
between two independent groups. The association
between SEMA3G expression and clinicopathological
variables was analyzed using Fisher’s exact test. Binary
logistic regression was used to assess the relationship
between SEMA3G expression and lymph node metastasis,
providing odds ratios (ORs) with 95% confidence
intervals (CIs). A two-sided P value <0.05 was considered
statistically significant. All analyses were conducted using
Statistical Package for the Social Sciences (SPSS, Inc.,



Chicago, IL, USA).

Results

Characteristics of the tissue samples studied

In this study, a total of 88 breast tissue samples were
analyzed, consisting of 30 normal tissue samples (34.1%)
and 58 breast cancer tissue samples (65.9%). Among the
breast cancer samples, 29 samples (50.0%) had spread
to the axillary lymph nodes, while 29 samples (50.0%)
did not show lymph node metastasis. The average age
of all patients was 45.1 + 15.4 years, with an average
tumor dimension of 3.46 = 1.86 cm. The majority of
the breast cancer samples were categorized as Grade 1
(2 samples), Grade 2 (30 samples, 51.7%), and Grade
3 (25 samples, 43.1%), with 1 sample (1.7%) lacking
clinical data. In the breast cancer tissue samples, estrogen
receptor (ER) expression was observed as follows: no ER
expression in 14% of cases and ER expression present in
42%. Progesterone receptor (PR) expression showed no
PR expression in 50% of cases, and PR expression was
present in 46.5%. For human epidermal growth factor
receptor 2 (HER2) expression, no HER2 expression was
identified in 51.7% of cases, while HER2 expression was
present in 44.8%. In summary, the breast cancer cohort
was relatively balanced in terms of lymph node status and
showed heterogeneity in receptor status and tumor grade.
These results are summarized in Table 1.

Expression of SEMA3G Protein

The SEMA3G protein was expressed in all types
of breast tissue samples, including both normal and
cancerous tissues, as illustrated in Figure 1 and Table 2.
The experimental outcomes revealed the following: In
normal breast tissue, the mode immunohistochemistry
index (IHC index) was 0 (15/30 samples, 50.0%). In
breast cancer tissue with absent lymph node metastasis,
the mode THC index was 6 (11/29 samples, 37.9%). In
tumor tissue of the breast having axillary lymph node
metastasis, the mode ITHC index was 9 (12/29 samples,
41.4%). These results suggest a progressive increase in
SEMA3G expression from normal tissue to metastatic
breast cancer, implying a possible association with tumor
progression.
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Table 1. Demographic and Clinicopathological
Characteristics of Patients (n=88)
Variables N (%)
Age; years (mean+SD) 45.1+154
Type of breast
Normal 30 (34.1)
Cancer 58 (65.9)
Tumor size; cm (mean+SD) 3.46+1.86
Tumor grade
Grade I 2(3.5)
Grade 11 30 (51.7)
Grade 111 25(43.1)
No data 1(1.7)
Lymph node metastasis
No 29 (50.0)
Yes 29 (50.0)
Estrogen receptor
Negative 14 (24.1)
Positive 42 (72.4)
No data 2(3.5)
Progesterone receptor
Negative 29 (50.0)
Positive 27 (46.5)
No data 2(3.5)
Human Epidermal Growth Factor Receptor 2
Negative 30 (51.7)
Positive 26 (44.8)
No data 2(3.5)

* Tumor size based on longest diameter; * N, Number of individuals

Expression of SEMA3G Protein and Prognostic Factors
in Breast Cancer

To test whether the expression of SEMA3G protein
could serve as an indicator of breast cancer development
and its severity, we used Fisher’s exact test to analyze the
relationship between SEMA3G expression and various
characteristics of breast tissue, as well as the cancer’s
metastatic properties. The analysis used cut-off values
of IHC index >4 or < 4 and IHC index > 6 or < 6 (with

Figure 1. The expression of SEMA3G in Normal Breast Tissue (A), breast tissue with axillary node-negative status
(B), and breast tissue with axillary node-positive status (C) (40X magnification). The percentage of positively stained
cells was graded as 0% (score 0), 1-25% (score 1), 26-50% (score 2), and >50% (score 3), while staining intensity
was graded as weak (score 1), moderate (score 2), or strong (score 3). The IHC index was obtained by multiplying the

percentage score by the intensity score.

Asian Pacific Journal of Cancer Prevention, Vol 26 4037



Duangjai Piwkham et al

Table 2. SEMA3G Expression in Breast Tissues

THC index Types of breast tissues Total (%)
Normal (%) Axillary nodes negative (%) Axillary nodes positive (%)
0 15 (50.0) 2(6.9) 3(10.3) 20 (22.7)
1 3(10.0) 2(6.9) 1(3.4) 6(6.8)
2 4(13.3) 1(3.4) 1(3.4) 6(6.8)
3 7(23.3) 7(24.1) 4 (13.8) 18 (20.5)
4 1(3.3) 2(6.9) 4 (13.8) 7(7.9)
6 0(0) 11(37.9) 4 (13.8) 15 (17.1)
9 0 (0) 4 (13.8) 12 (41.4) 16 (18.2)

*IHC index refers to the Immunohistochemistry index

average IHC index values of 3.79 and 5.14, respectively).
The analysis showed the following: The expression of
SEMA3G with IHC index > 4 was significantly higher
in breast cancer tissue compared to normal breast tissue
(P-value < 0.0001, OR (95% CI) = 8.565 to +infinity).
The IHC index > 6 was significantly more common in
breast cancer tissue with metastasis to the axillary lymph
nodes compared to those without lymph node metastasis
(P-value = 0.038, OR (95% CI) = 4.41 (1.19-13.81)), as
shown in Table 3.

Furthermore, the study found a positive correlation
between SEMA3G expression (IHC index > 6) and the
expression of HER?2 in breast cancer tissue. A positive
correlation between SEMA3G expression and HER?2
receptor positivity was observed (P = 0.02). The analysis
revealed that SEMA3G expression was significantly
higher in HER2-positive tumors compared to HER2-
negative tumors. However, no statistically significant
differences were found between SEMA3G expression
(IHC index > 6 or < 6) and other prognostic markers,
including: Age, Tumor size, Tumor stage, Tumor grade,
Estrogen receptor (ER), Progesterone receptor (PR), Ki-67
proliferative index (cell proliferation marker). Overall,
higher SEMA3G expression was significantly associated
with breast cancer presence, lymph node metastasis, and
HER? positivity, suggesting a potential role of SEMA3G
in tumor progression and aggressiveness. These results
are summarized in Table 4.

Discussion

From the study on the expression of

Semaphorin3G (SEMA3G) protein in breast cancer
using immunohistochemistry (IHC), utilizing breast tissue
samples from patients who had never received treatment,
preserved in paraffin-embedded blocks at the Department
of Anatomical Pathology, Hat Yai Hospital, the following
conclusions were made: The study on the expression
of SEMA3G protein revealed that the IHC index was
measured in 88 breast tissue samples: 30 normal tissue
samples and 58 breast cancer samples, with 29 samples
showing no lymph node metastasis and 29 samples
showing metastasis to axillary lymph nodes. The results
showed the average IHC index was 1.2 (mode = 0) for
normal breast tissue, 4.6 (mode = 6) for breast cancer
samples with absent lymph node metastasis, and 5.6 (mode
= 9) for breast cancer tissue with the presence of lymph
node metastasis. This indicates that SEMA3G expression
was elevated in breast cancer tissue compared to normal
tissue, with the highest expression found in breast cancer
tissue with lymph node metastasis. When comparing the
expression of SEMA3G in breast cancer tissue and normal
tissue, the study found a statistically significant increase in
SEMA3G expression in breast cancer tissue. Furthermore,
when comparing the expression of SEMA3G in breast
cancer tissue presence and absence lymph node metastasis,
the expression was significantly higher in the samples
with metastasis. These IHC-based findings are consistent
with molecular data reported by Kotepui et al. [15], which
assessed SEMA3G mRNA levels using quantitative real-
time RT-PCR and found elevated expression in tumor
tissues compared to adjacent normal tissues. However,
these results contradict previous research by Kigel B et
al. [17] and Karayan-Tapon L et al. [ 18], which stated that

Table 3. IHC Index of SEMA3G in Breast Tissues, Cut-off (> 4 and < 4) and (> 6 and < 6)

SEMA3G expression Breast Tissues P-value OR (95% CI)
Cancer (%) Normal (%)
THC index
>4 27 (46.6) 0(0.0) <0.0001 8.57 to +infinity
<4 31(53.4) 30 (100.0)
Axillary lymph nodes
Positive (%) Negative (%)
IHC index
>6 12 (41.4) 4 (13.8) 0.038 441 (1.19-13.81)
<6 17 (58.6) 25 (86.2)

* THC index refers to the Immunohistochemistry index; OR, refers to Odds Ratio; CI, refers to Confidence Interval; * P-value by Fisher’s exact test
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Table 4. Univariate Analysis of Low and High SEMA3G
Expression in 58 Breast Cancer Patients

Variable N SEMA3G expression P-value
Low (£6)  High(>6)

Age
<45yrs 16 13 3 0.515
> 45 yrs 42 29 13

Staging 0.186
I 3 3 0
A 28 23 5
1B 22 13 9
1A 5 3 2

Tumor size* 0.109
<3.5cm 42 33 9
>3.5cm 16 9

Tumor grade 0.466
I 3 3 0
I 30 22
111 24 16 8

Lymph node metastasis 0.038
No 29 25 4
Yes 29 17 12

ER >0.999
Negative 14 10 4
Positive 42 31 11

PR 0.233
Negative 29 19 10
Positive 27 22 5

HER?2 0.018
Negative 30 26 4
Positive 26 15 11

Ki-67 proliferative index (%) 0.314
<48 26 21 5
> 48 18 12 6

* Tumor size based on longest diameter; * P-value by Fisher’s exact
test; * SEMA3G, Semaphorin 3G; THC, Immunohistochemistry;
OR, Odds Ratio; CI, Confidence Interval; ER, Estrogen Receptor;
PR,Progesterone Receptor; HER2, Human Epidermal Growth Factor
Receptor 2; cm , Centimeter; yrs, Years; N, Sample Size; Ki-67, A
marker of cell proliferation.

higher SEMA3G expression can inhibit tumor growth and
angiogenesis in breast cancer, melanoma, and brain cancer
cells. The differing results may be due to variations in
experimental models, sample sizes, or cancer types. It is
also possible that SEMA3G’s role in cancer metastasis is
context-dependent, influenced by factors such as tumor
microenvironment, cancer stage, or the presence of
specific molecular markers like HER2.

In evaluating the correlation between the expression
of SEMA3G protein (IHC index > 6) and clinical factors
such as breast cancer metastasis, a positive correlation was
found between SEMA3G expression and metastasis to the
axillary lymph nodes. This finding contradicts the study
by Zhou X et al. [10] on brain cancer, where SEMA3G
expression was illustrated to restrict the movement and
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spread of cancer cells. It also contrasts with the report
by Zhang X et al. [19], which showed high levels of
SEMA3G in stromal cells. Additionally, the relationship
between SEMA3G expression (IHC index > 6) and HER?2
receptor expression in breast cancer tissue was found
to be positively correlated. Other reports showed that
endothelial cells (ECs)-derived SEMA3G under diabetic
condition activated Yes-Associated Protein (YAP) and
promoted Human Aortic Smooth Muscle Cells (HASMCs)
proliferation and migration via Nrp2/PlexinAl [20].
Interestingly, SEMA3G was widely upregulated in
diverse human cancers, and its expression was positively
correlated with tumor progression. SEMA3G acted as a
ligand that inhibited the activation and functionality of T
cells [21]. However, no studies have yet reported a direct
relationship between SEMA3G and HER2, although there
is evidence that increased HER?2 expression can stimulate
cancer cell growth, movement, and metastasis, both in
vitro and in vivo [22-28].

While our study provides valuable insights into the
role of SEMA3G in breast cancer metastasis, the sample
size remains a limitation. Larger, multi-center studies are
needed to validate these findings and to explore potential
therapeutic strategies targeting SEMA3G in breast cancer.
Additionally, mechanistic studies involving cell culture
and animal models will help clarify the role of SEMA3G in
tumor progression and its interaction with other molecular
pathways, including HER2.

In conclusion, this study demonstrates that SEMA3G
protein expression is significantly elevated in breast
cancer tissues, particularly in those with axillary lymph
node metastasis and HER2-positive status. These findings
suggest that SEMA3G may be involved in pathways
promoting tumor aggressiveness, including those
mediated by HER? signaling. The correlation between
SEMA3G overexpression and HER2 expression raises
the possibility that SEMA3G could contribute to or reflect
HER2-driven oncogenic activity. Therefore, SEMA3G may
serve as a prognostic biomarker and potential therapeutic
target in HER2-positive breast cancer, warranting further
mechanistic studies.
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