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Breast cancer remains one of the most prevalent tumors among females worldwide, and current prog-
nostic methods are limited in their ability to accurately predict tumor aggressiveness. Octamer-binding tran-
scription factor 4 (Oct4), a key regulator of pluripotency and cancer stem cell characteristics, has emerged as
a promising biomarker in various cancers. This study aimed to evaluate the results of Oct4 immunostaining
in benign and malignant breast tissues and its link with cancer grade and tumor size. The archival formalin-
fixed breast tissue specimens, comprising 110 breast carcinoma and 20 benign tumors were examined. Oct4
expression was assessed immunohistochemically using a rabbit monoclonal anti-Oct4 antibody. The study
demonstrated a significant increase in nuclear Oct4 staining in malignant breast cancer tissues compared to
benign tumors. Elevated Oct4 immunostaining was positively associated with high grade and larger tumor
size. However, no significant correlation was observed between Oct4 level and lymph node status. Thus, ele-
vated Oct4 expression is associated with higher tumor grade and larger tumor size, suggesting its potential

relevance in breast cancer progression.
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reast cancer (BC) remains a significant
B health issue, being the most common non-

epidermal cancer and the second leading
cause of cancer-related mortality among women
worldwide [1]. In 2022, BC accounted for approxi-
mately 2.3 million new cases and 666,000 deaths
globally, representing about 23.8% of all cancer di-
agnoses and 15.4% of cancer-related deaths among
females [2]. Projections indicate a slight increase in
disability-adjusted life-years (DALYs) from 238.6
per 100,000 in 2022 to 239.5 per 100,000 by 2050
[3]. According to the Iraqi Cancer Registry (2022)
and the recently published Iraqi paper in 2025, BC is
the most frequently diagnosed cancer and comprised
8,299 new cases that represented 21.2% of the total
cancer cases [4, 5].

The most common systems that are used to
evaluate BC progression are the Nottingham grading
and the Tumor-Node-Metastasis (TNM) systems [6].
The Nottingham system evaluates how abnormal BC
cells appear based on tubule formation, nuclear pleo-
morphism, and mitotic activity. This system ranges
from grade I (well-differentiated) to grade III (poorly
differentiated) [7]. The TNM system can describe

the anatomical spread of the tumor by evaluating
tumor size (T), lymph node involvement (N), and
metastasis [8]. The TNM system is used before treat-
ment and post-surgery to guide therapy choices and
predict patient outcomes. In addition, it provides a
detailed and structured assessment of cancer pro-
gression [8, 9]. However, these systems cannot be
used to identify which tumors will follow an ag-
gressive clinical course from those that will remain
relatively indolent, and they cannot predict the post-
treatment outcomes like relapse or long-term remis-
sion [10, 11].

The estrogen receptor (ER), progesterone re-
ceptor (PR), and human epidermal growth factor
receptor 2 (HER2) have become very important
prognostic biomarkers for BC, necessary for diag-
nosis and treatment. They are useful in classifying
tumors and guiding targeted therapies, such as hor-
mone therapy for ER/PR-positive tumors and HER2-
targeted treatments [12]. However, these biomarkers
have limitations. They cannot predict the patient’s
response to treatment or relapse. Some ER-positive
tumors develop resistance to hormonal therapy, and
HER2-positive cancers can relapse despite treat-
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ment. Triple-negative BC has fewer treatment op-
tions and a poorer prognosis. Therefore, there is a
need to find new biomarkers to better predict tumor
behavior, treatment response, and patient outcomes
[12].

Octamer-binding transcription factor 4 (Oct4),
which belongs to the POU family of transcription
factors, is crucial for maintaining pluripotency and
self-renewal in embryonic stem cells [13-15]. Due to
its vital role in these stem cell functions, Oct4 has
gained attention as a key biomarker of cancer stem
cells [16]. Furthermore, a previous study found that
increased Oct4 expression has been linked to ag-
gressive tumor behavior, suggesting its potential as
a biomarker for predicting poor prognosis in various
cancers [13]. In Iraq, the number of studies that have
reported on Oct4’s role in BC is quite limited, and
no previous Oct4 study in BC tissues using IHC has
been published in my city. For this reason, the objec-
tive of this research is to assess nuclear Oct4 im-
munostaining in benign and malignant breast tissues
and to warrant further investigation into the relation-
ship between Oct4 immunostaining and histopatho-
logical features such as BC grade and stage, using
immunohistochemistry (IHC).

Materials and Methods

Patients and control samples. This retrospec-
tive study received approval from the Ethics Com-
mittee of the College of Medicine, University of
Thi-Qar, and Al Hussein Teaching Hospital, Thi-
Qar, Iraq (Approval No. 2021159, dated 7/12/2022).
A total of 130 archival formalin-fixed, paraffin-
embedded breast tissue specimens were examined,
comprising 110 BC tissues and 20 benign breast
tissues, such as fibroadenoma, utilized as controls,
surgically excised between April 2022 and Decem-
ber 2023. Demographic and clinical information,
including age, grade, stage, and treatment history,
was taken from histopathological archives. Patients
who underwent chemotherapy or hormonal treat-
ment were excluded. Negative controls, in which no
primary antibody was employed, were implemented
to validate the IHC staining specificity. BC clinical
data are included in Table 1.

Immunohistochemistry. IHC was performed
on breast tissue samples using a rabbit monoclonal
anti-Oct4 antibody (1:200 dilution; Santa Cruz Bio-
technology, sc-5279). This study used the Novolink
polymer detection system (RE7140K, Leica Biosys-
tems, UK). The procedure was carried out following
the method established by Alalwany et al. [17].
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Four-micrometer sections from each forma-
lin-fixed, paraffin-embedded block were cut and
mounted on positively charged slides, followed by
incubation at 37°C overnight. These sections under-
go several pretreatment steps, including deparaffini-
zation, rehydration, antigen retrieval, and blocking.
Deparaffinization was performed using two washes
with Histoclear (H5-200, National Diagnostics, UK),
followed by a graded ethanol rehydration series
(100%, 95%, 70%) using ethanol (20821-330, VWR,
UK). Heat-induced epitope retrieval was carried out
using PT link ( PT200, Agilent Technologies, Den-
mark) at 90°C for 30 min in citrate buffer (pH 6)
(RET113, Novocastra, UK), followed by a cooling
step. Endogenous peroxidase activity was subse-
quently inhibited with a 3% hydrogen peroxide solu-
tion in methanol for ten minutes. Proteinase K drops
were then added to these sections for 5 min.

The tissue section was incubated overnight at
4°C with anti-Oct4 antibody. The following day, the
slides were then washed three times in phosphate-
buffered saline (PBS) for 10 min each. Subsequently,
the secondary antibody was then added to these sec-
tions for thirty minutes at room temperature. Af-
ter washing with PBS, drops of diaminobenzidine
(DAB) solution were then added to these sections
for 5 min at room temperature. Finally, the sections
were counterstained with Mayer’s hematoxylin (H-
3401, Vector, UK) and mounted using Histofluid
mounting medium (6900002, Marienfeld, Germany).

IHC quantification. The nuclear expression of
Oct4 was semi-quantitatively assessed in breast tis-
sue samples, evaluating the percentage and intensity
of stained cells. Five random images were used to
score the Oct4 nuclear stain in breast tissues. The
percentage positive cells score was defined: 0 (no
staining), 1 (1-25%), 2 (26-50%), 3 (51-75%), and
4 (76-100%). Additionally, three grades of intensity
were observed on a scale from 0 to 3: 0 (negative),
1 (weak), 2 (moderate), and 3 (strong). Summation
of the percentage and intensity of the positive cells
represents the final score, ranging from 0 to 7 [18].

Statistical analysis. GraphPad Prism version
8.4.2 (GraphPad Software, La Jolla, California,
USA; www.graphpad.com) was used to analyze the
data in this study. Data distribution normality was
evaluated using the Shapiro-Wilk test. Furthermore,
variables with normal distributions (P > 0.05) were
compared for group means with the unpaired t-tests.
Non-normally distributed data (P < 0.05) were ana-
lyzed with the Mann-Whitney U test. Categorical
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variables were compared using the Chi-square (?)
test. A P value < 0.05 was regarded as statistically
significant.

Results and Discussion

BC has a considerable variety, manifested in
various biological characteristics, epidemiologi-
cal profiles, natural histories, treatment responses,
and prognostic outcomes [19]. The BC treatment
approaches were mostly founded on histopathologi-
cal grading and TNM staging [7, 20]. This disease
has five distinct molecular subtypes, each exhibiting
unique biological characteristics, natural histories,
responses to personalized treatment, and prognostic
implications.

Cancer stem cells (CSCs) have been a crucial
focus in oncology due to their unique biological
properties [21]. These cells have the capacity for self-
renewal, which not only contributes to resistance
against conventional therapies but also facilitates
metastasis. The identification and targeted eradi-
cation of CSCs are seen as essential techniques for
improving long-term treatment outcomes in cancer
patients [22, 23].

One of these stem cell proteins is Oct4, which
plays an important role in maintaining pluripotency
and self-renewal in embryonic stem cells [1, 24]. Due
to its central involvement in these stem cell func-
tions, Oct4 has increasingly been considered a po-
tential biomarker for identifying CSCs. Furthermore,
overexpression of Oct4 has been associated with tu-
mor aggressiveness and may be used as a prognostic
biomarker for poor clinical outcomes across various
malignancies [25].

This investigation aims to evaluate Oct4 ex-
pression levels in malignant and non-malignant
breast tissues and to determine whether it is associa-
ted with BC clinical data, such as grades and stages.
In addition, it aims to detect whether Oct4 can serve
as a potential biomarker for BC prognosis and thera-
peutic management.

Clinical data of the study population. This
study included 110 (84.62%) cases of BC and 20
cases of benign breast tissues (15.38%), and the in-
cidence rate was statistically significant (P < 0.001).
The age range of BC patients was between 22 and 73
years, whereas the range of benign tissue individuals
was between 19-95 years. The age groups were cate-
gorized into three groups: <40 years (n = 12; 60%),
40-60 years (n = 5; 25%), and >60 years (h = 3;
15%).

The result found a significant difference among
the age groups (P = 0.009). The BC samples were
also divided into the same age categories: <40 years
(n = 24; 21.82%), 40-60 years (n = 76; 69.09%), and
>60 years (n = 10; 9.09%). A significant difference
was observed among these age groups (P = 0.009).

Fifty-five BC cases (50%) were classified as
grade 2, 47 cases (42.73%) were classified as grade
3, and only 8 cases had no available clinical data.
Statistical analysis revealed a significant difference
among these grade groups (P < 0.001). The majority
of BC cases were classified as T2 (n = 35; 31.82%)
and T3 (n = 30; 27.27%), followed by T4 (n = 12;
12.73%), with only a few cases classified as T1
(n = 3; 2.73%). The results displayed a statistically
significant difference when comparing patients with
T1-2 to those with T3-4 (P < 0.001). In addition,
according to lymph node status, the malignant tis-
sues were classified as NO (n = 12; 10.91%) and N1-3
(n = 65; 59.09%). The results had a significant dif-
ference between these groups (P < 0.001) (Table 1).

The breast tissue samples’ demographic and
pathological characteristics showed a significant cor-
relation between age, grade, tumor size, and lymph
node status. The observed age distribution, with a
significant difference across age groups in both ma-
lignant and non-malignant samples, underscores
the age-associated prevalence of breast abnormali-
ties. This is further corroborated by the prevalence
of malignant cases among those aged 40-60 years,
suggesting this demographic as a critical window
for increased vigilance and screening. The predomi-
nant classification of malignant cases as Nottingham
grades 2 and 3 further emphasizes the aggressive na-
ture of the tumors typically encountered in this co-
hort, aligning with the established prognostic signifi-
cance of the Nottingham grading system in breast
cancer[7, 26]. This system, which evaluates tubule
formation, nuclear pleomorphism, and mitotic activi-
ty, is crucial for stratifying patients into favorable
and less-favorable-outcome groups and directly in-
fluencing treatment strategies [27]. Furthermore, the
significant differences observed across tumor sizes
(T1-T4) and lymph node statuses (NO vs. N1-3) un-
derscore their established roles as critical prognostic
indicators, reflecting the extent of local and regional
disease progression, respectively.

Oct4 staining in breast tissues using IHC. Oct4
immunostaining was assessed using IHC on benign
and malignant breast tissue samples. This study
found that the malignant and non-malignant breast
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Table 1. The benign and malignant breast infor-
mation according to histopathological data

Breast histopatho- | Num- | Percen- P
logical data ber tage % | value
Sample Benign 20 15.38 | <0.001
size Malignant | 110 | 84.62
Benign <40 12 60 0.009
(age 40-65 5 25
range) >65 3 15
Cancer <40 24 21.82 | <0.001
(age 40-65 76 69.09
range) >65 10 | 909
Grade Grade 2 55 50 <0.001
Grade 3 47 42.73
N/A 8 7.27
Stage T T1 3 2.73 <0.001
T2 35 31.82
T3 30 21.27
T4 14 12.73
N/A 28 25.45
Stage N NO 12 10.91 | <0.001
N1-3 65 59.09
N/A 33 30
Stage M MO 0 0 N/A
M1 0 0
MX 100 100

tissues had nuclear Oct4 staining, with staining in-
tensities ranging from strong to weak.

The nuclei of benign breast tissues had different
levels of Oct4 staining, with some areas displaying
no detectable signal (Fig. 1, A, red arrow), while
others demonstrated a more noticeable, moderate
level of staining (Fig. 1, B, red arrow). BC had nu-
clear Oct4 staining with notable variation in signal
strength, including strong (Fig. 1, C, red arrow),
moderate (Fig. 1, D, red arrow), weak (Fig. 1, E, red
arrow), and negative expression. The negative con-
trol did not show Oct4 staining (Fig. 1, F, arrow).

Quantification of Oct4 staining in breast tissue.
Oct4 has a role in maintaining pluripotency and self-
renewal in embryonic stem cells [14]. It has gained
attention as a crucial biomarker of CSCs because of
its essential participation in these stem cell capabili-
ties [15]. There was a significant increase in nuclear
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Oct4 staining in BC compared to benign breast tis-
sues (P < 0.001; Table 2 and Fig. 2, A). The result is
consistent with the previous reports [1, 28-33]. In-
creased nuclear Oct4 staining was also linked to ag-
gressive tumor behavior, suggesting its potential as
a biomarker for predicting poor prognosis in various
cancers [14]. The examination of Oct4 expression in
BC provides critical insights into its involvement in
tumor advancement and potential prognostic signifi-
cance.

In addition, this study reported a positive as-
sociation between Oct4 immunostaining and BC
grade, indicating that higher Oct4 levels were more
commonly observed in grade 111 (P = 0.002; Table 2
and Fig. 2, B). This data was consistent with previous
reports [25, 28, 29, 31, 34, 35]. In addition, another
study found that Oct4 can stimulate cell prolifera-
tion and differentiation [33]. However, our data were
inconsistent with the previous reports that found no
association between Oct 4 staining and grades or tu-
mor size [1, 15, 33]. The sensitivity and specificity of
Oct4 detection can be affected by a variety of factors,
including patient ethnicity, sample quantity, antigen
retrieval procedures, and the use of various antibo-
dies. Previous research showed that Oct4 is found in
tumor cells and that it is concentrated among a sub-
population of undifferentiated tumor-initiating cells
that are crucial for the development of resistance to
cancer therapies, the genesis of tumors, and their
spread [14]. Taken together, these findings suggest
that Oct4 may play a significant role in tumor forma-
tion and cell proliferation in BC.

Additionally, there was a positive association
between nuclear Oct4 immunostaining and BC tu-
mor size (T1-2 vs T3-4) (P = 0.042; Table 2, Fig. 2,
C). This data was consistent with previous studies
[15, 28, 34, 35], indicating its potential involvement
in tumor aggressiveness. However, this data was in-
consistent with other reports [1, 33]. Sample size, the
use of different methods, different antibodies, or an-
tigen retrieval methods may explain these differen-
ces. These data suggest that Oct4 may have a role in
tumor proliferation and aggressiveness.

This data showed no significant association
between Oct4 immunostaining and lymph node sta-
tus (P = 0.295; Table 2 and Fig. 2, D), suggesting
that Oct4 levels in the nucleus do not reliably pre-
dict lymphatic tumor spread. This result agreed with
previous findings [28, 33, 34]. This result, however,
was inconsistent with other studies [1, 15].
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Fig. 1. The Oct4 expression in breast tissues. (A) No Oct4 staining was seen in benign breast samples (arrow).
(B) Moderate nuclear Oct4 staining was found in benign breast samples (arrow). (C) BC tissues showed
strong nuclear Oct4 staining (arrow). (D) Moderate Oct4 staining was found in the nuclei of BC tissues
(arrow). (E) Weak nuclear Oct4 staining was found in BC (arrow). (F) No staining was found in the negative
control tissue. Scale bars = 50 um, insets show 3x magnification
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Table 2. Oct4 Quantification in breast cancer histopathological data.

. . - Results
Histopathological data Oct4 nuclear staining
mean = SD P value
Cancer vs Benign Increased in malignancy | 3.569 + 1.242 vs 2.278 + 1.132 <0.001
Grade 2 vs Grade 3 Decreased in high-grade | 3.963 + 1.148 vs 3.280 + 1.306 0.002
T1-2vs T3-4 Increased in T3-4 3.343 + 1.457 vs 3.949 + 1133 0.042
NO vs N1-3 No sig. difference 0.7200 £ 0.7729 vs 1.311 + 1.719 0.295

It has been found that Oct4 may enhance mi-
gration and invasion capabilities both in vivo and
in vitro [25]. Despite its correlation with tumor fea-
tures, Oct4 expression did not show a significant as-
sociation with lymph node metastasis, suggesting
that other determinants may affect metastatic capa-
bility [28, 29]. Our study had a small sample size
of NO cases, which may account for the differences
observed in the literature.

It has been found that Oct4 plays a crucial
role in regulating various genes or signaling path-
ways that affect carcinoma cell behavior. Chen et. al.
demonstrated that it can induce metastasis of lung
cancer cells by inducing epithelial-mesenchymal
transition [36]. Additionally, Oct4 knockout was
shown to reduce proliferation in hepatocellular car-
cinoma cell lines via EMT modulation. In cervical
cancer, Oct4 overexpression has been implicated in
enhancing tumorigenesis and suppressing apopto-
sis through regulation of the miR-125b/BAK1 axis
[31]. In addition, a previous report found a link be-
tween elevated Oct4 levels and the aggressive be-
havior of cancer cells; thus, it may serve as a pos-
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sible biomarke for poor prognosis in various cancers
[33], including breast cancer. These findings suggest
that Oct4 may influence several types of cancer
cell biology, including breast cancer, by promoting
proliferation, inhibiting apoptosis, and enhancing
invasion and adhesion capabilities.

This study has several limitations including a
small sample size, the absence of data on metastasis,
and a relatively short follow-up period. As a result,
it is necessary to conduct additional studies that in-
volve larger patient cohorts and longer follow-up
periods. Additionally, tumor-related outcomes could
have been affected by variations in the adjuvant and
first-line chemotherapy regimens used. Furthermore,
IHC is frequently used to identify significant pro-
teins in cells and tissues [37, 38]. However, several
variables, including antibody selection, antibody
concentrations, and antigen preparation methods,
may affect IHC results and lead to variations in
staining outcomes [39]. The absence of a standardi-
zed IHC protocol makes its application even more
complex, and non-specific staining can lead to false-
positive results [38]. Even with its limitations, IHC
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Fig. 2. Oct4 immunostaining quantification in breast samples. A) High Oct4 expression was found in the nu-
clei of BC tissues compared to the benign samples (P < 0.001). B) Increased Oct4 expression was recorded
in high-grade BC (P = 0.002). C) Oct4 immunostaining was increased significantly in T3-4 compared to TI-2
(P = 0.042). D) No significant association was seen between Oct4 and lymph node status (p0.295). Benign
(n = 20), breast carcinoma (n = 110), Grade Il (n = 55), Grade 1l (n = 47), T1-2 (n = 38), T3-4 (n = 44),

NO (n = 12), N1 (n = 65).
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remains a clinically relevant and widely accessible
technique for localizing proteins.

Conclusion. This research demonstrates that
Oct4 expression is elevated in BC and correlates
with tumor grade and size. However, it was not
linked to lymph node status, indicating Oct4’s in-
volvement in the onset and advancement of the
disease. Oct4 shows promise as a BC biomarker,
offering diagnostic and prognostic insights. To vali-
date and expand upon our findings, further research
utilizing additional breast cancer cell lines, larger
cohorts that include more normal breast tissue sam-
ples, and complementary molecular techniques such
as RNA sequencing and multivariate analyses will
be essential.
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Pax MOJIOYHOI 3271031 3aJIHIIAETHCS OJHIEIO 3
HAUTOMIMPEHIIUX MyXJIMH Cepejl )KIHOK Y BCbOMY
CBITi, IIPH LBOMY Cy4YacHi MPOTHOCTUYHI METOIU
MaloTh OOMEXKCHY 3JaTHICTh TOYHO IependavaTh
arpecuBHIicTh MyxXJUHU. OKTaMep-3B’sI3yBajbHUAN
TpaHckpunuiiauii ¢akrtop 4 (Octd), KIOUOBHIA
PETyJSTOp TUTIOPUIIOTEHTHOCTI Ta XapaKTepHuc-
THK PaKOBUX CTOBOYPOBUX KIIITHH, PO3TIISIAETHCS
SIK TIGPCIIEKTUBHUN OiOMapKep NMpH Pi3HUX THIIAX
paky. MeTow [bOro JOCIHIJDKSHHSI OYyJI0 OI[IHUTH
pesynbsratu iMmyHohapOyBanust Oct4 y noOposikic-
HUX Ta 3JI0SIKICHUX TKaHUHAX MOJIOYHOI 3aJI03U Ta
MpoaHaIi3yBaTu HOTo 3B’I30K 31 CTYIICHEM 3JI0SKiC-

HOCTI paKy Ta po3Mmipom nmyxJiuHu. Byno gociimxe-
HO apXiBHiI (hopMamiH-(hikcoBaHI 3pa3Kd TKAaHUHU
MOJIOYHOI 3ajio3M, o BKiroyainu 110 Bumagkis
KapUMHOMHM MOJIOYHOi 3ajo3u Ta 20 3paskiB no-
OpOSIKICHUX yTBOPEHB. IMyHOTICTOXIMIYHUN aHa-
ni3 excrpecii Oct4 OyB mpoBeneHHH 3a TOMOMOT0I0
MOHOKJIOHAJIBHOTO aHTHTIIa Kpojnka mpotu Oct4.
Pesynbratn nmochmiJpkeHHs TOKa3alld JIOCTOBIpHE
i IBUAIICHHS s1/IepHOT excipecii Oct4 y 3IosIKiCHUX
TKaHWHAX MOJIOYHOI 3aJI03U TIOPiBHSIHO 3 M00po-
skicHUMH. [linBuIIeHUH piBeHb IMYHOPEaKTHB-
HOCTi Oct4 OyB MO3UTHUBHO acOIiOBAaHUM i3 BHCO-
KHM CTYIICHEM 3JI0SKICHOCTI Ta OlJIBIIMM PO3MIpOM
nyxauHu. OIHAK CyTTEBOI KOpensii MiXK piBHEM
Oct4 Ta ctanom JiM(paTHIHUX BY3JiB HE CIIOCTEPI-
ranocs. TakuM 4MHOM, MiJBUIIeHa excrpecis Octd
MO)ke OyTH TIOB’sI3aHa 3 BUIIIUM CTYTICHEM 3JIOSKiC-
HOI MyXJIMHU Ta OiJBIIAM PO3MIPOM ITYXJIHHH, 30
CBITYUTH MPO i1 MOTEHIIITHY POJIh y TPOrpeCyBaHHI
paxKy MOJIOYHOT 3aJ103H.

KnmodoBi clioBa: pak MOJOYHOI 3aJI03H,
Oct4, iMyHOTICTOXiMisl, CTYyHiHb 3JIOSIKICHOCTI Ta
PO3Mip MyXJTHHH.
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