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Highlights of the Study

o The expression of NF-kB (p65) and its correlation with some clinicopathological features were
evaluated among breast cancer patients.

« High expression of NF-kB (p65) in breast cancer tissues might explain their aggressive action in
breast cancer, especially in patients with triple-negative breast cancer patients.

o The association of NF-kB (p65) with tumor grade, proliferation index (Ki67), and molecular
subtype indicates its involvement in breast cancer progression.

Keywords Abstract

Breast cancer - NF-kB (p65) - Tumor grade - Ki67 Breast cancer is the most prevalent cancer among African
women, with high mortality rates in Ghana. Nuclear
factor kappa B (NF-kB) has been associated with tumor
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progression in breast cancer. However, its clinical vali-
dation is controversial and understudied with no known
published data on NF-kB (p65) among breast cancer
patients in Ghana and other African countries. This study
assessed the prognostic significance of NF-kB (p65) ex-
pression and its association with various clinicopatho-
logical features in breast cancer patients. Ninety
formalin-fixed breast cancer tissues and 15 normal breast
tissues were used to determine the expression of NF-kB
(p65) using immunohistochemistry. We explored the
correlation between expression of NF-kB (p65) and
clinicopathological features. NF-kB (p65) was expressed
in 86.7% of breast cancer tissues. There was a significant
relationship between NF-kB (p65) expression and tumor
grade, proliferation index (Ki67), and molecular subtype.
High NF-kB (p65) expression in tumor grade 3 was about
10 times that of grade 1 (54.2% vs. 5.1%), and Ki67 > 20
was 79.7% compared to 20.3% for Ki67 < 20. Patients with
triple-negative breast cancer (TNBC) had 49.1% over-
expression of NF-kB (p65) compared to 17%, 25.4%, and
8.5% for luminal A, luminal B, and HER2 cases, respec-
tively. This study demonstrates that NF-kB (p65) was
highly expressed among breast cancer patients at Cape
Coast Teaching Hospital, Ghana, especially in TNBC. NF-
kB (p65) could serve as a biomarker for cancer stage,
progression, prognosis and as a therapeutic target.

© 2024 The Author(s).
Published by S. Karger AG, Basel

Introduction

Breast cancer (BC) is the most prevalent cancer among
women aged 20-50 years worldwide and is one of the
primary causes of death in women [1]. BC surpassed lung
cancer as the most common tumor worldwide in the
Global Cancer statistics for 2020 with annual cases
continuing to rise [2, 3]. There is evidence for an increase
in cases of BC in Africa, although the generalization of
these estimates is questionable due to a lack of proper data
in several regions [4]. It is the most common cancer
among women and cancer-related deaths among women
in Ghana. Despite advances in treatment, some patients
still experience recurrence and eventually develop met-
astatic disease that is generally incurable. Our under-
standing of the cellular and molecular processes under-
lying breast cancer development, recurrence, and me-
tastasis is not entirely clear; therefore, it is essential to
further explore these processes to identify molecular
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targets that can predict prognosis and/or guide targeted

therapy.

Transcription factors have been recognized for their
roles in cancer progression. Nuclear factor kappa B (NF-
kB), a transcription factor with five family members, exists
as a dimer that binds to inhibitors of nuclear factor kappa
B (IKBs) degradation of IKBs under external stimuli via
ubiquitin-proteasome pathway releases NF-kB (p65) di-
mers that translocate to the nucleus and stimulate various
target genes [5, 6]. NF-kB has been linked to chronic
inflammation and malignant tumors including BC,
through increased expression of target genes [7]. Contrary
to expectations, clinical studies have shown that chemo-
therapy drugs and radiotherapy not only induce cell death
in BC cells but also stimulate the NF-kB pathway, which
stifles caspase cascade signaling by increasing the ex-
pression levels of anti-apoptotic proteins [8]. Inhibiting the
NE-kB pathway has been shown in some studies to induce
apoptosis, repress proliferation and invasion, and boost
chemosensitivity in different kinds of tumor cells [9, 10].
Thus, the inhibition of NF-kB might provide an effective
strategy for cancer treatment. However, there is a general
paucity of data on the prognostic worth of NF-kB among
BC patients with no known published data in the African
context in which genetic makeup and other contributory
factors may affect its expression level. This study, therefore,
seeks to evaluate the expression level of NF-kB (p65)
among patients with breast cancer at Cape Coast Teaching
Hospital (CCTH)-Ghana and its association with clini-
copathological features.

Materials and Methods

Study Design, Patients, and Tissue Samples

This cross-sectional study was approved by the Institutional
Review Board of CCTH (CCTHERC/EC/2023/060); laboratory
work was carried out at Kumasi Center for Collaborative Research
(KCCR). Archival formalin-fixed paraffin embedded tissues
(FFPE) were retrospectively selected by purposive sampling from
breast cancer patient with complete medical history, no history of
preoperative chemotherapy treatment and no history of other
cancers from January 2019 to March 2023 at CCTH. Clinico-
pathological information such as age, pathological lymph node
status, tumor location, tumor size, histologic type, tumor grade,
ki67, perineural invasion, lymphovascular invasion, HER2, hor-
monal status of ER and PR, were obtained from the patients’
laboratory request form and matched with the corresponding
FFPE tissue block number stored at CCTH. All tissues were
confirmed with hematoxylin-eosin stain for pathological classifi-
cation of breast cancer before selection. In all, 90 breast cancer
tissues and 15 normal breast tissues obtained from non-breast
cancer subjects were selected.
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Table 1. General clinicopathological features of breast cancer
cases from CCTH

Variables Frequency, N (%) Variables Frequency, N (%)
Age group Molecular subtype
0-50 years 33 (36.70) Triple-negative 38 (42.2)
>50 years 57 (63.3) Luminal A 19 (21.1)
Tumor grade Luminal B 19 (21.1)
Her2-enriched 10 (11.1)
Grade 1 10 (11. Others 4 (4.4)
Grade 2 37 (41.1) ’
Grade 3 43 (47.8 Pathological tumor stage
Tumor size pTO 6(6.7)
0-2 cm 15 (16 pT1 13 (14.4)
2.1-5.0 cm 46 (51.1) P12 41(4>6)
S5 cm 29 (32 pT3 19 (21.1)
pT4 11 (12.2)
La':_erallty Pathological lymph node stage
eft 59 (65.6)
Right 31 (34.4) pNX 21 (23.3)
i pNO 21 (23.3)
Estrogen receptor pN1 23 (25.6)
Negative 53 (58.9) pN2 16 (17.8)
Positive 37 (41.1) pN3 9 (10.0)
Progesterone receptor Lymphovascular invasion
Negative 73 (81.1) Absent 43 (47.8)
Positive 17 (18.9) Present 47 (52.2)
HER2 Perineural invasion
Negative 70 (77.8) Absent 78 (86.7)
Positive 13 (14.4) Present 12 (13.3)
Equivocal 7(78) Type of breast cancer
Ki67 Invasive carcinoma (NST) 69 (76.7)
High 64 (71.1 Others 21 (23.3)
Low 26 (28.9)

Determination of Expression of NF-kB (p65)

FFPE sectioned into 4 um and fixed on positively charged
slides were deparaffinized and rehydrated with xylene (2
changes for 10 min each) and various grades of ethanol (100%,
90%, and 70% for 3 min each), respectively. Antigens were
retrieved by using Novocastra epitome retrieval solution (Leica,
Newcastle, UK) diluted buffer at a pH 9.0 for 30 min in a
medical decloaking chamber at a temperature of 95°. The tissues
were further allowed to cool for 35 min in the buffer before
washing with Ventana reaction buffer (Ventana Medical sys-
tems, Tucson, AZ, USA) solution for 2 min each. Tissues were
then blocked with 3% hydrogen peroxide for 10 min and protein
blocker (Biocare Medical, Makati city, Philippines), respec-
tively. Subsequently, they were then incubated for 2 h in NF-kB
(p65) rabbit polyclonal antibody IgG (Proteintech, Wuhan,
China) diluted in Da Vinci green diluent (Biocare Medical,
Makati city, Philippines) at 1:400 dilutions, respectively. Fol-
lowing incubation, tissues were rinsed twice for 3 min each
before incubating with MACH 1 Universal horse radish per-
oxidase (HRP) polymer (Biocare Medical, Makati city, Phil-
ippines) for 40 min. Two washes were done for 3 min each and
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3,3 diaminobenzidine (DAB) (Biocare Medical, Makati city,
Philippines) was added afterward. Mayer’s hematoxylin was
then used for counter staining (1-2 min) followed by dehy-
dration with ethanol (70%, 90%, and 100% for 3 min each) and
clearing in xylene (2 changes for 5 min each), respectively.

Slides were visualized by two pathologists using a digital mi-
croscope (Opto-Edu, Beijing, China), and BC cells showing NF-kB
(p65) positive or negative reactions were recorded. The presence of
brownish yellow color was considered positive either in the cy-
toplasm or nucleus or both. The expression of NF-kB (p65) was
recorded by using the semi-quantitative method consisting of a
combination of the intensity of stain (0 = no staining, 1 = mild
stain, 2 = moderate stain, 3 = strong stain) and proportion of the
brownish yellow stained cells (0 = negative, 1 < 25%, 2 = 25-50%,
3 = 51-75%, 4 = 76-100%). Normal breast tissues were used as
negative controls.

Statistical Analysis

Descriptive and Pearson y? analysis was done for all clinico-
pathological data using SPSS version 25 and presented in tables
and figures with p values <0.05 considered significant. Logistic
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regression analysis was also performed to check the association
within the significant groups. Xlstat was used to draw receiver
operating characteristic curve.

Results

Patient Characteristics and Immunohistochemical

Expression of NF-kB (p65) in Breast Cancer Tissues

The majority of the 90 patients with breast cancer
studied were above 50 years (63.3%). Tumor grades 3, 2
and 1 were 43 (47.8%), 37 (41.1%), and 10 (11.1%), re-
spectively, with invasive carcinoma (no specific type)
representing 69 (76.7%) of the study subjects. Majority of
the hormonal receptors (estrogen and progesterone) were
negative. Sixty-four (71.1%) had high Ki67 (>20) com-
pared to 26 (28.9%) which were low (<20). Triple-
negative 38 (42.2%) were the majority with equal cases
of luminal A and luminal B 19 (21.1%), while HER2-
enriched was 10 (11.1%) and 4 (4.4%) classified as others
(Table 1). Out of the 90 cases, 59 (65.6%) breast cancer
tissues expressed high NF-kB (p65) as compared to 31
(34.4%) low expression. The 59 tissues that showed high
NE-kB (p65) protein expression consisted of 25 (27.8%)
and 34 (37.8%) moderately and strongly stained, re-
spectively, whereas the 31 low expression was made up of
12 (13.3%) negative and 19 (21.1%) mild, respectively, as
depicted in Figure 1. NF-kB (p65) immunostaining was
seen in either cytoplasm only or both cytoplasm and
nucleus of study subjects. Seventy-eight (86.7%) of the 90
breast cancer tissues were positive for NF-kB (p65).
Cytoplasm stain alone was 68 (87.2%), both cytoplasm
and nuclear stain were 10 (12.8%) and no nuclear stain
alone was recorded.

Association between NF-kB (p65) Status and

Histopathological Features

NF-kB (p65) was significantly associated with tumor
grade (p = 0.029) with grade 3 having 54.2% high ex-
pression followed by grade 2 (40.7%) and grade 1 (5.1%),
respectively, (Table 2). There was a moderate odds ratio
(Table 4) of expressing high NF-kB (p65) in grade 3
tumors (OR = 6.79, 95% CI [1.49-30.92], p = 0:013).
There was no association between NF-kB (p65) expres-
sion and age, tumor size, laterality, pathological lymph
node stage, pathological tumor stage, lymphovascular
invasion, and type of breast carcinoma. NF-kB (p65) was
highly expressed among patients with absence of peri-
neural invasion than those with perineural invasion
(84.7% vs. 15.3%), but this association was not statistically
significant (p = 0.534) (Table 2).

Nuclear Factor Kappa B (p65) Expression in
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Association between NF-kB (p65) and Prognostic

Molecular Markers

NE-kB (p65) expression was statistically significantly
associated with proliferation index Ki67 (p = 0.026) and
molecular subtypes (p = 0.009) (Table 3). Patients with
high Ki67 > 20 had a significant odds ratio (OR = 3.27,
95% CI [1.28-8.34], p = 0:016) of expressing high NF-kB
(p65) (Table 4). In contrast, there was no association
between the expression of NF-kB (p65) and estrogen
receptors, progesterone receptor, and HER2.

Diagnostic Performance of NF-kB (p65) among the

Molecular Subtypes Breast Cancer Patients

To determine the diagnostic performance of NEF-
kB(p65) among the molecular subtypes of breast can-
cer patients in Cape Coast Teaching Hospital, receiver
operating characteristic curves were drawn with Xlstat,
and the corresponding area under the curve, sensitivity,
specificity, positive predictive value, and negative pre-
dictive value were determined as shown in Figure 2 and
Table 5, respectively. Overall luminal B had a better area
under the curve of 0.89, sensitivity 1.00, specificity 0.79,
positive predictive value 0.79, and negative predictive
value 1.00 (Table 5).

Discussion

This study aimed to assess the prognostic significance of
NEF-kB (p65) expression and its association with various
clinicopathological features in breast cancer patients at
Cape Coast Teaching Hospital. The study found that NF-
kB (p65) was expressed in 86.7% of breast cancer tissues.
There was a significant relationship between NF-kB (p65)
expression and tumor grade, proliferation index (Ki67),
and molecular subtype. High expression of NF-kB (p65)
was more common in tumor grade 3 compared to grade 1,
and Ki67 > 20 had higher expression of NF-kB (p65)
compared to Ki67 < 20. Triple-negative breast cancer
patients had the highest overexpression of NF-kB (p65)
compared to other molecular subtypes. Based on histo-
pathological features of this study, the average age of 54.3 +
13.9 years follows similar trends in other studies in Ghana
[11, 12]. In contrast, investigations carried out in Nigeria
[13] and Uganda [14] had lower than 50 years mean ages,
respectively. Invasive carcinoma (no specific type) repre-
senting 76.7% of this current research work was the
commonest just like other literature reports [12, 13, 15].
Pathological lymph node stage 3 was the least observed
which is similar to a previous [7]. Research on breast
cancer has demonstrated that vascular (lymphovascular or
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from triple-negative breast cancer . ! '

tissues. a Tissue showing negative
expression. b Tissue showing mild
expression. ¢ Tissue showing moder-
ate expression. d Tissue with strong
expression. @ Normal breast tissue
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with negative expression. X400 images.

perineural) invasion form a significant part of the overall
outcome of the disease. In this study, 65.5% of BC patients
had vascular invasion which is comparable to another
study in Ghana with 70.6% [15] in contrast to a 2013
report of 5.1% [16]. These data emphasize the dismal
prognosis for BC among women in Ghana.

NF-kB (p65) was initially recognized as an important
factor in the initiation of immune responses, but it is now
being investigated as a potential prognostic marker and a
target for cancer treatment. There is paucity of data on the
prognostic relevance of NF-kB (p65). Currently, there are
no known published data on the level of Nuclear Factor
kappa B expression in breast cancer patients from the
African population, of which Ghana is a part. NF-kB
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(p65) functions as a transcription mediator for target
genes associated with carcinogenesis. It also causes re-
sistance to growth inhibitor signals, unregulated prolif-
eration, angiogenesis, metastasis, and a decrease in ap-
optosis, these being typical cancer hallmarks [5, 6, 17].
Nevertheless, multiple factors influence NF-kB (p65)
activation, including the expression of various proteins
which regulate its functionality [5, 6]. This current study
in CCTH, Ghana showed that NF-kB (p65) was over-
expressed in breast cancer tissues as determined by im-
munostaining. A majority of the patients showed only
cytoplasmic staining (87.2%), while 12.8% of the patients
had both cytoplasmic and nuclear staining for NF-
kB (p65).

Barnes et al.
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Table 2. Association between NF-kB (p65) status and histopathological features

Variables NF-kB (p65) status X2 p value
total (90), n (%) high (59), n (%) low (31), n (%)

Age group
0-50 years 33 (36.7) 22 (37.3) 11 (35.5) 0.028 1.000
>50 years 57 (63.3) 37 (62.7) 20 (64.5)

Tumor grade
Grade 1 10 (11.1) 3 (5.1) 7 (22.6) 7.102  0.029
Grade 2 37 (41.1) 24 (40.7) 13 (41.9)
Grade 3 43 (47.8) 32 (54.2) 11 (35.5)

Tumor size
0-2 cm 15 (16.7) 7 (11.9) 8 (25.8) 3.043 0.218
2.1-5.0 cm 46 (51.1) 31 (52.5) 15 (48.4)
>5.0 cm 29 (32.2) 21 (35.6) 8 (25.8)

Laterality
Left 59 (65.6) 36 (61.0) 23 (74.2) 1.563  0.249
Right 31 (34.4) 23 (39.0) 8 (25.8)

Pathological tumor stage
pTO 6 (6.7) 5 (8.5) 1(3.2) 7302 0121
pT1 13 (14.4) 5 (8.5) 8 (25.8)
pT2 41 (45.6) 28 (47.5) 13 (42.0)
pT3 19 (21.1) 15 (25.4) 4(12.9)
pT4 11 (12.2) 6 (10.1) 5(16.1)

Pathological lymph node stage
pNX 21 (23.3) 12 (20.3) 9 (29.0) 7604 0.107
pNO 21 (23.3) 15 (25.4) 6 (19.4)
pN1 23 (25.6) 12 (20.3) 11 (35.5)
pN2 16 (17.8) 11 (18.7) 5 (16.1)
pN3 9 (10.0) 9 (15.3) 0 (0)

Lymphovascular invasion
Absent 43 (47.8) 25 (42.4) 18 (58.1) 2.006 0.186
Present 47 (52.2) 34 (57.6) 13 (41.9)

Perineural invasion
Absent 78 (86.7) 50 (84.7) 28 (90.3) 0.547 0.534
Present 12 (13.3) 9 (15.3) 3(9.7)

Type of breast cancer
Invasive carcinoma (NST) 69 (76.7) 48 (81.4) 21 (67.8) 2.106 0.191
Others 21 (23.3) 11 (18.6) 10 (32.2)

NST, no specific type; pNX, pathological lymph node stage not assessed; NF-kB, nuclear factor kappa B.

Literature on the relationship between NF-kB (p65)
expression and clinicopathological aspects of breast
cancer is contradictory [17]; moreover, there are no data
on this from Africa. An earlier study by Montagut et al.
[18], linked nuclear NF-kB (p65) staining to chemo-
resistance, Baba et al. [19], found no established asso-
ciation between nuclear expression of NF-kB (p65) and
response to chemotherapy or prognosis. Baba et al. [19],
2016 again suggested that almost all the 33 triple-negative

Nuclear Factor Kappa B (p65) Expression in
Breast Cancer

tumors studied had cytoplasmic expression of NF-kB
(p65) before treatment and that tumors with strong
cytoplasmic expression of NF-kB (p65) responded suc-
cessfully and became free of the disease after initiation of
chemotherapy. However, a recent study suggested nu-
clear NF-kB (p65) status as a prognostic marker for
different chemotherapy regimens [20]. Another recent
study found that breast cancer cases with low nuclear NF-
kB (p65) level typically respond more effectively to
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Table 3. Association between NF-kB (p65) and prognostic molecular markers

Variables NF-kB (p65) status X p value
total (90), n (%) high (59), n (%) low (31), n (%)

Estrogen receptor
Negative 53 (58.9) 35 (59.3) 18 (58.1) 0.013 1.000
Positive 37 (41.1) 24 (40.7) 13 (41.9)

Progesterone receptor
Negative 73 (81.1) 7 (79.7) 26 (83.9) 0.235 0.779
Positive 17 (18.9) 12 (20.3 5(16.1)

HER2
Negative 70 (77.8) 48 (81.4) 22 (71.0) 1.972 0.373
Positive 13 (14.4) 8 (13.6) 5(16.1)
Equivocal 7 (7.8) 3 (5.0) 4 (12.9)

Ki67
High 64 (71.1) 7 (79.7) 17 (54.8) 6.095 0.026
Low 26 (28 12 (20.3 14 (45.2)

Molecular subtype
Luminal A 19 (21.1) 10 (17.0) 9 (29.0) 13.548 0.009
Luminal B 19 (21.1) 15 (25.4) 4 (13.0)
Triple-negative 38 (42.2) 29 (49.1) 9 (29.0)
Her2-enriched 10 (11.1) 5 (8.5) 5 (16.0)
Others 4 (4.5) 0 (0) 4 (13.0)

Table 4. Logistic regression analysis for NF-kB (p65) versus tumor grade, molecular subtypes, and Ki67

Variables Total (90), n (%) High (59), n (%) Low (31), n (%) cOR (95% ClI) p value
Tumor grade

Grade 1 10 (11.1) 3 (5.1) 7 (22.6) 1

Grade 2 37 (41.1) 24 (40.7) 13 (41.9) 4.31 (0.95-19.53) 0.058

Grade 3 43 (47.8) 32 (54.2) 11 (35.5) 6.79 (1.49-30.92) 0.013
Molecular subtypes

Luminal A 19 (21.1) 10 (17.0) 9 (29.0) 1

Luminal B 19 (21.1) 15 (25.4) 4 (13.0) 3.38 (0.81-14.02) 0.94

Triple-negative 38 (42.2) 29 (49.1) 9 (29.0) 2.90 (0.90-9.35) 0.75

Her2-enriched 10 (11.1) 5 (8.5) 5 (16.0) 0.90 (0.20-4.17) 0.893

Others 4 (4.5) 0 (0) 4 (13.0) 0.00 (0.0) 0.999
Ki67

Low 26 (28.9) 12 (20.3) 14 (45.2) 1

High 64 (71.1) 47 (79.7) 17 (54.8) 3.23 (1.24-8.34) 0.016

OR, odds ratio; Cl, confidence interval.

chemotherapy compared to individuals with high ex-
pression level of NF-kB (p65) [21]. The significance of
cytoplasmic NF-kB (p65) is unknown, although it is
thought that there is a link between increased NF-kB
(p65) expression and the molecular modifications that
give rise to its activation; deactivation of NF-kB (p65) is
believed to retain it in the cytoplasm, which contributes to
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an improved outcome in especially triple-negative breast
cancer patients [17].

Tumor grading has been shown to have predictive and
prognostic significance in breast cancer patients in the
initial 5 years after diagnosis. Additionally, a significant
link was observed between histological tumor grading,
pathological response and survival rate in breast cancer
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Fig. 2. Graphical representation of the receiver operating characteristic (ROC) curve of NF-kB (p65) marker
among the molecular subtypes of breast cancer patients in Cape Coast Teaching Hospital. a Luminal A. b Triple-
negative. ¢ Luminal B. d Her2.
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Table 5. The diagnostic performance of NF-kB (p65) marker among the molecular subtypes of breast cancer

patients in CCTH

Molecular subtype AUC Sensitivity Specificity PPV NPV

Luminal A 0.81 (0.71-0.91) 1.00 (0.67-1.00) 0.63 (0.43-0.79) 0.54 (0.30-0.75) 1.000
Triple-negative 0.81 (0.71-0.91)  1.00 (0.86-1.00) 0.63 (0.43-0.79) 0.76 (0.63-0.90) 1.000
Luminal B 0.89 (0.801-0.99) 1.00 (0.76-1.00) 0.79 (0.56-0.92) 0.79 (0.60-0.97) 1.000
Her2 0.87 (0.78-0.97)  1.00 (0.51-1.00) 0.75 (0.53-0.89) 0.50 (0.19-0.81)  1.000

AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value.

patients with tumor grade 3 and 2 having a poorer
outcome compared to tumor grade 1 [22, 23]. NF-kB
(p65) expression in this current study was reported to be
significantly associated with tumor grade. This finding
substantiates earlier reports on the association between
NE-kB (p65) expression level and tumor grade [17, 24].
On the contrary, some researchers have reported that
neither cytoplasmic nor nuclear NF-kB (p65) expression
was found to relate to tumor grade [7, 25]. The current
study provides evidence of the aggressive role of NF-kB
(p65) in breast cancer patients in Ghana and its potential
impact on disease progression.

There was no statistically significant relationship be-
tween NF-kB (p65) expression and histological type, age
group, tumor size, lymphovascular invasion, perineural
invasion, pathological lymph node stage, pathological
tumor stage, or laterality in this study. A previous study
also discovered no link between cytoplasmic or nuclear
NE-kB (p65) expression and histological type, tumor size,
age group, pathological lymph node stage, pathological
tumor stage, or laterality [7, 26]. However, others have
reported a significant link between cytoplasmic expres-
sion of NF-kB (p65) and tumor size [17, 24].

In support of various studies conducted, our study also
did found no association between hormonal estrogen or
progesterone receptors and NF-kB (p65) status [7, 17]. In
contrast, other studies reported a significant relationship
between hormonal receptors and NF-kB (p65) expression
[20, 24, 25].

HER?2 belongs to the receptor tyrosine kinases (RTK)
family and regulates cell growth, differentiation and
survival. Approximately 15-20% of breast cancer patients
express high level of HER2 and are classified as HER2
positive. These tumors typically grow rapidly and have a
poor prognosis [27]. A similar trend was seen in our
study; 14.4% of breast cancer patients were HER2 pos-
itive. NF-kB (p65) was highly expressed in HER2 negative
tissues (81.4%) compared to HER2 positive (13.6%) in
this study. Although not statistically significant, this is
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consistent with other reports which did not find any link
between NF-kB (p65) status and HER2 expression [7, 17].
Gershtein et al. [26], (2010) observed that HER2 has a
significant link with NF-kB (p65). This inconsistency
requires further probe among breast cancer researchers.

Detection of Ki67 is performed to assess the prolif-
eration status of the tumor although its clinical utility is
limited. In this study, Ki67 was significantly associated
with NF-kB (p65) which is similar to studies conducted in
India [24] and the UK [25]. Moreover, studies in Poland
[7] and Kuwait [17], however, did not observe any strong
link between NF-kB (p65) and Ki67.

In this study, NF-kB (p65) was significantly associated
with molecular subtypes of our patients with patients
with triple-negative breast cancer patients having the
highest NF-kB (p65) expression level (49.1%). Triple-
negative cases are known to be common among West
African women with a poorer prognosis and high
mortality [28]. Based on our study we suggest that NF-kB
(p65) regulation could be a potential contributory factor
for its aggressiveness. The activated NF-kB pathway in
cancer cells has been shown to promote resistance to
chemotherapeutics and ionizing radiation, while its in-
hibition strongly upregulates the responsiveness of cancer
cells to these agents [29]. This is a preliminary study
hence the small sample size used resulted in smaller
patient samples with grade one breast cancer, further
investigation will be conducted in a longitudinal manner
with a larger sample size.

Conclusions

This study on the prognostic significance of NF-kB
(p65) among breast cancer patients in Ghana showed that
NEF-kB (p65) is highly expressed, especially in TNBC
patients. This high expression is also linked to tumor
grade, proliferation index (Ki67) and molecular subtypes
and, therefore, suggest its involvement in breast cancer

Barnes et al.
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progression. NF-kB (p65) could be a biomarker for breast
cancer stage, progression, and prognosis. However, the
number of patient samples classified as tumor grade 1 in this
current study was few. Further studies with a larger sample
size combined with in vitro experiments are needed to fully
clarify the role and relationship of NF-kB (p65) expression
in breast cancer progression to evaluate it as a possible
prognostic marker and a potential therapeutic target.
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