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Abstract

Background: Breast cancer is the most common malignancy in women worldwide. The p16 protein is a cell
cycle regulator and tumor suppressor implicated in several types of cancers. However, its relationship to
breast cancer is still unknown. The present study aimed to assess the association of p16 protein expression
with clinicopathological features in breast cancer.

This study aimed to investigate the anti-cancer effects of different gum extracts on metabolic changes and
their impact on gene expression in HT-29 cell.

Methods: The study enrolled 100 patients with invasive ductal carcinoma. The samples were collected
before any adjuvant chemotherapy, and pl6 protein expression was determined using
immunohistochemistry. Clinicopathological features were obtained from the patient’s medical
records.

Results: Our findings demonstrated that p16 protein expression increased in estrogen receptor-positive
tumor tissues (P< 0.01). However, no significant correlation was found between the pl6 protein
expression and the other clinicopathological features.

Conclusions: Our study demonstrated that p16 protein expression increased in ER-positive tumor tissue
from patients with invasive ductal breast carcinoma. However, no correlation was found between the p16
protein expression and the other clinicopathological features.
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Introduction

Breast cancer is one of the leading causes of
cancer deaths in women (1). According to the
World Health Organization (WHO), about 2.3
million new cases of breast cancer and
685,000 deaths from this disease were
recorded in 2020 worldwide (2). It is
predicted that 3.2 million new cases of breast
cancer will be diagnosed annually by 2050
(3). Breast cancer is a multifactorial
heterogeneous  disease, and  genetic
susceptibility plays a significant role in
prognosis and clinical management decisions
(4, 5). This cancer can develop from the
epithelium of the glandular ducts (ductal
carcinoma) or lobules (lobular carcinoma)

and spread to other organs via the lymphatic
system or bloodstream (6). about 30 percent
of women diagnosed with invasive breast
cancer would develop metastasis and despite
advancements of cancer screening and
treatment, the high mortality rate of these
patients highlights the importance of early
detection (7, 8). Nevertheless, breast cancer
prognosis is challenging because cancer cell
behavior varies considerably between patients
(9). Today, several markers such as human
epidermal growth factor 2 (HERZ2), estrogen
receptor (ER), progesterone receptor (PR),
and Ki67 are used as the prognostic factors
(10, 11). The pl16 protein is a cell cycle
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regulator and tumor suppressor which is
encoded by the cyclin-dependent Kkinase
inhibitor 2A gene (CDKNZ2A) on chromosome
9p21 (12, 13). The pl6 protein prevents the
transition from Gapl to the DNA synthesis
phase (G1/S) by disrupting the cyclin-
dependent kinase 4 (CDK4)/cyclin D1
(CCND1) interaction and subsequent
retinoblastoma protein (RbP)
phosphorylation (14, 15). Normal tissues have
low or undetectable levels of the p16 protein.
Its overexpression has been reported in
several types of cancers, suggesting that it
may be a response to malignancy (16-19). In
contrast, several studies have revealed that
pl6 suppression by DNA mutation, deletion,
or promoter hypermethylation is associated
with  various malignancies, such as
melanoma, hepatocarcinoma, cervical cancer,
and esophageal carcinoma (20, 21).
Nevertheless, the prognostic significance of
pl6 expression in breast cancer is unclear
(22). As a result, this study evaluated the
relationship between pl6 expression and
clinicopathological characteristics in invasive
ductal breast carcinoma.

Materials and Methods

Ethics statement

This study was carried out in accordance with
the Helsinki Declaration's ethical principles for
human clinical research (23). The Ethics
Committee of the Islamic Azad University,
Mashhad Branch, Iran, also approved the
research protocol (approval no.
IR.IAU.MSHD.REC.1398.116). In addition,
participants were informed about the study's
objectives and provided informed consent to
participate.

Patients

This  descriptive-analytical  cross-sectional
study included 100 women with invasive ductal
breast carcinoma who were admitted to a
medical diagnostic laboratory in Mashhad, Iran,
between 2018 and 2020. The inclusion criteria
were: 1) diagnosis of invasive ductal breast
carcinoma based on core needle biopsy, 2)
ability to access patient pathology and
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immunohistochemical information, and 3)
ability to provide informed consent. Patients
with a history of neoadjuvant chemotherapy
were excluded from the study.

Data collection

Clinicopathological features such as tumor
grade, tumor size, HER2, ER, PR, and Ki67
status were collected from the patient’s medical
records using a standardized protocol. In the
same way, demographic characteristics such as
age, menarche age, number of pregnancies,
family history of breast cancer, and hormonal
oral contraceptive use of the patients were
recorded. Furthermore, the semi-quantitative
method for assessing histological grade in
breast carcinoma was used for cancer grading.

Immunohistochemistry

Immunohistochemistry was used to measure
the expression of the p16 protein. Three um-
thick sections were cut from paraffin blocks
and transferred to clean adhesive slides. All
tissue sections were de-waxed with Xylene
(Sigma Aldrich, Germany) and rehydrated by
serial immersion in descending alcohol.
Before immunohistochemical staining, tissue
sections were incubated in EDTA-Tris buffer
saline (Merck, Germany) for 20 minutes at 98
°C to allow antigens to be retrieved. After
washing with Tris-buffered saline (TBS)
(Merck, Germany) and immersing in H20>
3% (Leica Biosystem, Germany), the slides
were incubated for 25 min at 25 °C with p16
primary  antibody  solutions  (Master
Diagnostica, Spain). The slides were then
rinsed with TBS and incubated for 20 minutes
with a post-primary block (Leica Biosystem,
Germany) before Dbeing treated with
Novolink™  Polymer (Leica Biosystem,
Germany) for another 20 minutes. In the
negative control, the primary antibody
incubation step was skipped. The slides were
dyed with diaminobenzene peroxidase (Leica
Biosystem, Germany) and counterstained
with hematoxylin for 5 and 2 minutes,
respectively.  Finally, specimens were
dehydrated in ascending alcohol, cleared in
Xylene, and mounted in Canada balsam
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(Sigma-Aldrich) for light microscopy analysis
(24). The staining rate of the slides was graded
from zero to four, with grade 0: indicating that
the slides were stained less than 10%, grade 1:
between 10% and 25%, grade 2: between 25%
and 50%, grade 3: between 50% and 70%, and
grade 4: indicating that the slides were stained
more than 70%. Furthermore, grades 1 and 2
were considered low-positive, while grades 3
and 4 were considered high-positive (25). We
categorized breast cancer phenotypes based on
ER, PR, HER-2, and Ki67 immunostaining
(26).

Statistical analysis

Statistical analysis was performed by SPSS
Statistics 25.0 software (SPSS Inc., Chicago,
lllinois, USA). All the descriptive and
quantitative data were expressed as percentages
and the mean * standard deviation (SD),
respectively. The Pearson chi-square test was
used to determine the relationship between
qualitative variants. The intergroup comparison
was carried out by analysis of variance
(ANOVA) after determining the normality of
the quantitative data distribution using the
Kolmogorov-Smirnov test. P-values less than
0.05 were considered statistically significant.

Results

Demographic and Clinicopathological Features
The demographic evaluation showed that the
average age of the patients was 49+12.54 years
and their mean menarche age and number of
pregnancies were 13+1.3 years (range 9 to 16)
and 3.6£2.4 (range 0 to 12), respectively.
Moreover, 42% of patients had used hormonal
oral contraceptives, and 21% had a family
history of breast cancer. According to the semi-
quantitative method for assessing histological
grade, eight patients were diagnosed with grade
| breast cancer, 74 with grade Il breast cancer,
and 18 with grade 111 breast cancer and the tumor
diameter ranged from 6 mm to 56 mm, with a
24+10.22 mm average.

Immunohistochemistry

Immunohistochemical staining of P16 protein
expression in patients revealed that 29 patients
(29%) were negative for p16 protein expression,
44 (44%) were low-positive, and 27 (27%) were
high-positive. Furthermore, the results showed
that 80 patients (80%) were ER-positive, 63
(63%) were PR-positive, and 30 (30%) were
HER2-positive. Also, Ki67 expression was
found to be less than 14% in 28 patients and
greater than 14% in 72 patients (Fig. 1).
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Fig. 1. Immunohistochemical staining for p16 protein i

positive, C. High-positive.

Association of P16 Protein Expression with
Clinicopathological Features

Immunohistochemical analysis was used to
examine pl6 protein expression in cancerous
tissues and its relationship to
clinicopathological features. As shown in
Table 1, the Pearson chi-square analysis
showed a statistically significant correlation
between pl6 expression and ER expression

(P< 0.01) but, there was no significant
association between the p16 protein and PR
expression.

Table 2 compares p16 protein expression in
terms of patient age and tumor size. ANOVA
revealed no significant differences in age or
tumor size between patients with negative p16,
low-positive p16, and high-positive p16. In our
study, tumors were divided into three groups
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based on their size: <20 mm, 21 to 50 mm, and
> 50 mm. As shown in Table 1, a Pearson chi-
square comparison of pl6 expression in
patients with different tumor sizes has no
significant difference. Besides that, based on
immunostaining for ER, PR, HER-2, and Ki67,
the cancer phenotypes were classified into
luminal A, luminal B, HER-2 positive, and
triple-negative, the luminal B group exhibited
the highest negative and positive rates for p16
protein expression compared to other breast

cancer phenotypes. However, Pearson chi-
square analysis revealed that pl6 protein
expression was not significantly different
across breast cancer phenotypes. These
findings suggest that there was no association
between pl6 expression and patient age,
cancer type, and tumor size (Table 2).
Similarly, there was no significant correlation
between pl6 expression with HER2, Ki67,
cancer grade, or family history of breast cancer
(Table 1).

Table. 1. Correlation between clinicopathological characteristics and p16 protein expression in women with invasive

ductal breast carcinoma.

P16 Protein Expression Level P-value
Parameters : = : = .
Negative Low-Positive  High-Positive (Chi-Square)
Positive 22 (75.9%) 41 (93.2%) 17 (63%)
ER receptor - 0.007*
Negative 7 (24.1%) 3(6.8%) 10 (37%)
Positive 14 (48.3%) 33 (75%) 16 (59.3%)
PR receptor - 0.061
Negative 15 (51.7%) 11 (25%) 11 (40.7%)
Positive 4 (13.8%) 15 (34.1%) 11 (40.7%)
HER2 _ 0.065
Negative 25 (86.2%) 29 (65.9%) 16 (59.3%)
_ Positive (> 14%) 7 (24.1%) 16 (36.4%) 5 (18.5%)
Ki67 - 0.229
Negative (< 14%) 22 (75.9%) 28 (63.6%) 22 (81.5%)
| 2 (6.9%) 2 (4.5%) 4 (14.8%)
Cancer Grade [ 20 (69%) 37 (84.1%) 17 (6%) 0.252
i 7 (24.1%) 5 (11.4%) 6 (22.2%)
<20 mm 11 (37.9%) 18 (40.9%) 13 (48.1%)
Tumor Size 21-50 mm 18 (62.1%) 25 (56.8%) 14 (51.9%) 0.754
>50 mm 0 (0%) 1 (2.3%) 0 (0%)
Luminal A 7 (29.16%) 13 (54.16%) 4 (16.66%)
Luminal B 15 (26.31%) 28 (49.12%) 14 (24.56%)
Cancer Type — 0.144
HER2 positive 2 (28.57%) 1 (14.28%) 4 (57.14%)
Triple Negative 5 (41.66%) 2 (16.66%) 5 (41.66%)
<40 years 7 (24.1%) 11 (25%) 10 (37%)
Age 0471
> 40 years 22 (75.9%) 33 (75%) 17 (63%)
. Yes 5 (17.2%) 11 (25%) 5 (18.5%)
Family History 0.68
No 24 (82.8%) 33 (75%) 22 (81.5%)

The data are shown as mean + SD. ** P< 0.01. (HER2: human epidermal growth factor 2, ER: the estrogen receptor, PR:

progesterone receptor).

Table. 2. Correlation of p16 expression with tumor grade and age of patients with invasive ductal breast carcinoma. The data

are shown as mean + SD.

Age of Patients (years) Number  Minimum Maximum Mean + SD P-value

Negative 29 28 80 51.52+13.33

Low-Positive 44 28 78 49.36+12.69 0.414
High-Positive 27 31 76 47.04+11.41

Tumor Size (mm)

Negative 29 10 40 23.85+7.4

Low-Positive 44 6 56 23.97+10.93 0.846
High-Positive 27 9 48 25.26+11.83
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Discussion

The current study was conducted to determine
the relationship between pl6 protein
expression and clinicopathological features in
100 women diagnosed with invasive ductal
breast carcinoma. The obtained results showed
no significant association between the pl6
protein and PR expression. Also, no relation
between pl6 expression and patient age,
cancer type, and tumor size was found.
Moreover, the correlation between pl6
expression with HER2 and Ki67 expression
was not significant.

Several studies investigated the prognostic
impact of the p16 protein expression pattern in
various malignancies (22, 27, 28). Some
studies have suggested that pl6 protein
dysfunction may  contribute to the
development of breast cancer (19, 22).
However, the role of the p16 protein in breast
cancer development and progression is not
clear yet. As a result, this study aimed to
investigate the relationship between the level
of pl6 protein expression in women with
invasive ductal breast carcinoma and its
clinicopathologic  implications.  Because
immunohistochemistry can detect the pl6
protein in both the nuclear and cytoplasmic
regions of cells, we used it to stain the p16
protein in tumor tissues (29). Our findings
revealed that 29 patients (29%) were P16
negative and 71 (71%) were P16 positive, with
44 having low P16 expression and 27 having
high P16 expression.  Similarly, an
immunohistochemistry study by Shin et al.
(2015) on 406 women with invasive breast
cancer found that 31 patients (7.6%) had
negative P16 expression, 212 (52.2%) with
low P16 expression, and 163 (40.1%) with
high P16 expression (30). Moreover, in an
immunohistochemical study of breast cancer,
Golmohammadi et al found p16 expression in
82% of patients (31). In both studies, the
prevalence of p16 expression was comparable
to our findings. Moreover, Table 1 shows that
of the 80 ER-positive patients in our study, 58
patients (72.5%) were pl6 positive, with 41
low- positive pl16 cases and 17 high- positive

pl6 cases. Pearson chi-square analysis
revealed that pl6 protein expression was
correlated with ER expression in breast
carcinoma tissues (P< 0.01) but not with PR
expression. Concerning the relationship
between p16 expression and ER, some studies
suggested that high levels of pl6 protein
expression were associated with ER-negative
and PR-negative phenotypes in breast
carcinoma, which contradicts our findings (18,
30, 32). Although we found no correlation
between pl6 protein expression and tumor
grade or size (Table 1), but Peurala et al.
(2013) reported that pl6 expression is
significantly greater in high-grade tumors in a
study evaluating the prognostic significance of
pl6 in human breast cancer (33). Similarly,
Golmohammadi et al. (2017) observed that all
grade Ill tumors were pl6 positive and
expressed more pl6 than other tumor grades
(31). Also, Salih et al. (2022) concluded that
pl6 protein expression was associated with
high histologic grade and could be used as a
prognostic marker (22). Regarding tumor size,
some studies have revealed no correlation
between pl6 expression and tumor size in
breast cancer, which supports our findings (34,
35). In contrast, Zhao et al. (2015) provided a
correlation between pl6 protein expression
and tumor size in an immunohistochemistry-
based study. They discovered that pl6
expression was significantly higher in tumors
<20 mm in size compared to tumors > 50 mm
(36). On the other hand, there is some evidence
that pl6 protein expression is increased in
advanced breast cancer and high-grade tumors
(18, 37, 38). Although p16 is a tumor
suppressor, it may help accelerate tumor
growth by activating certain genes involved in
cancer tissue angiogenesis. (31, 39). Cancer
phenotypes in the present study were classified
as luminal A, luminal B, HER-2, and triple-
negative. Our results showed that p16 protein
expression was not significantly different
among breast cancer phenotypes. Furthermore,
no correlation was found between pl6
expression and cancer type (Table 1). In
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contrast to our findings, Bohn et al. (2010) and
Jour et al. (2016) found that patients with
triple-negative breast cancer had significantly
higher p16 protein expression (40, 41). Shin et
al. (2015) also found that pl6 protein
expression was significantly higher in patients
with, luminal B, and HER2 breast cancer (30).
In another study, Peurala et al. (2013) showed
high expression of p16 in the HER2 negative
phenotype (33). Langosch et al. (2001) found
no significant correlation between pl6 and
HER2 expression levels, which is consistent
with our findings (18). In addition, Kobierzycki
et al. (2018) reported no relationship between
p16 expression and Ki67 (42), whereas Shan et
al. (2013) revealed a decrease in pl16 protein
expression in ki67-positive breast cancer cells
(34). According to our findings, Ki67
expression, a known malignant tumor
proliferation index, was less than 14% in 28
patients and greater than 14% in 72 patients.
However, we did not find any statistically
significant relationship between P16 protein
expression and the ki67 marker (Table 1). In
terms of the correlation between pl6
expression and patient age, our findings
indicated that there was none. Some studies,
however, have found that pl6 expression is
associated with the age of breast cancer
patients. For instance , Shan et al. (2013) found
that low levels of P16 expression were
associated with older age (34). In agreement
with our findings, Pare et al. (2016) concluded
that there is no significant relationship between
pl6 protein expression and the age of breast
cancer patients (35). In terms of the effect of
breast cancer family history on p16 expression
pattern, Askari et al. (2013) demonstrated that
CDKNZ2A methylation was significantly higher
in patients with a breast cancer family history
compared to patients without a family history
(43). Some evidence suggests that CDKN2A
promoter hypermethylation decreases pl6
protein expression in breast cancer (44). In line
with our findings, Bartova et al. (2014) found
no significant association between p16 and a
family history of breast cancer (45).
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In summary, previous studies on pl6
protein dysfunction and poor survival in breast
cancer patients were inconclusive. On the
other hand, our study found no prognostic
significance for pl6 protein expression in
invasive ductal breast carcinoma. However,
given the small sample size and short follow-
up period, our findings should be interpreted
with caution. As a result, additional research is
likely required. The failure to assess the
relationship between pl6 expression and
menarche age, menopausal age, the number of
pregnancies, and the use of hormonal
contraception pills was one of the study's
limitations. Another limitation was the
inability to assess patients' survival and quality
of life because of the COVID-19 pandemic.

In conclusion, our findings demonstrated
that p16 protein expression increased in ER-
positive tumor tissue from patients with
invasive ductal breast carcinoma. However, no
correlation was found between the p16 protein
expression and the other clinicopathological
features. We believe that
immunohistochemical detection of the pl6
protein could be a useful preliminary screening
assay for predicting patient prognosis. but
more research in other cohorts is required to
determine the prognostic value of the pl6
protein in breast cancer.
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