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ABSTRACT

Backgrounds: Researchers have just commenced the exploration of miRNAs as a
prospective new class of biomarkers. This study investigates the potential of miR-1226
as a significant prognostic factor for BC. Methods: The miR-1226 expression was
detected in 30 pairs of FFPE tissues using gRT-PCR. The clinicopathological
characteristics of patients regarding miR-1226 expression, together with fold change
analysis using the 2-22CT method, were further investigated. All statistical analyses were
performed with GraphPad and MedCalc. Results: We found that the miR-1226 level in
BC FFPE tissues is slightly increased compared to control tissues. Also, we examined
the relationship associated with clinicopathological features and miR-1226 expression
levels of BC patients. This investigation revealed no significant association between
miR-1226 expression levels and the clinical progression. Age, lymph node involvement,
and Ki-67 expression had no significant correlation with outcome status. No significant
relationships were observed between tumor-related factors such as grade and size. The
hormone receptor status, PR status, and HER-2 status did not exhibit a significant
correlation with outcome stratification. The trend regarding PR status may necessitate
additional examination for its prognostic significance. Moreover, the p-value, AUC, and
Std. Error, sensitivity, and specificity are (p < 0.006, 0.684,0.0723, 83.3, and 60,
respectively), which signifies a moderate capacity of the test to differentiate between
tumors and controls. The results of fold change analysis employing the 2-22CT method
indicated a (1)-fold elevation in miR-1226 expression in tumors relative to controls.
Conclusions: We demonstrated that a slight elevation of miR-1226 expression
correlates with the progression of BC, and this indicates that miR-1226 may possess
an oncogenic function in BC tumorigenesis and progression.
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1. Introduction

Among females, breast cancer (BC) occurs
more frequently than any other malignant tumor,
with more than 2.3 million people diagnosed
worldwide in 2023 (Siegel et al., 2023). Current
research indicates that the death rate of breast
cancer has risen in recent years, implying that the
monitoring and treatment of tumor stage and
progression in breast cancer patients remain
insufficient (Houghton and Hankinson, 2021).
Notwithstanding significant advancements in the
early diagnosis of BC and the increasing
accessibility of therapies, including surgical
resection (Moore-Palhares et al., 2024),
radiotherapy (Kaidar-Person et al., 2024),
endocrine therapy (Ma et al., 2024), and
immunotherapy (Michaels et al., 2024), patient's
prognosis remains unfavorable due to the
elevated incidence of distant metastases
associated with BC. Consequently, there is an
imperative demand for safer, more
straightforward, and more precise methodologies
for the prompt evaluation of tumor progression in
breast cancer patients.

MicroRNAs, which are noncoding RNAs with a
single strand and a short length (about 22
nucleotides), attach to the 3'UTR of target genes
and either block translation or degrade them
(Mahmoud et al., 2021, Hussen et al., 2023c).
Cancerous tissues have microRNA expression
levels that differ greatly from neighboring normal
tissues, suggesting that these molecules may
serve as diagnostic biomarkers. Evidence
indicates that miRNAs exert diverse cellular
regulatory effects, with certain miRNAs acting as
oncogenes or tumor suppressor genes (Svoronos
etal., 2016, Otmani and Lewalle, 2021). Extensive
research have underscored the prognostic

significance of  miRNA-1226 in  many
malignancies, including pancreatic ductal
adenocarcinoma (Wang et al, 2021),

hepatocellular carcinoma(Chen et al., 2019), non-
small cell lung cancer (Lin and Li, 2022), and
nasopharyngeal carcinoma (Zhang et al., 2024).
These results indicate that miRNA-1226 may
function as a possible prognostic biomarker and
underscore the pressing necessity for additional
research to elucidate the molecular pathways
influenced by this microRNA.
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In this study, for the first time, we provided
important clinical evidence that miR-1226
expression was upregulated in neoplastic tissue
relative to neighboring non-neoplastic tissue in BC
and linked to unfavorable outcomes in BC
patients. Additionally, the results of fold change
analysis employing the 2-22€T method indicated a
(1.305)-fold elevation in the miR-1226 expression
level of tumors relative to controls. This suggests
that miR-1226 may have an oncogenic role in
carcinogenesis, potentially promoting BC
development.

2. Materials and methods
2.1. Sampling

Expressions of miR-1226 were quantified in 30
FFPE tissue samples of tumors and the non-
tumorous tissues surrounding them. Tissues were
obtained from the Par Hospital-Erbil, Kurdistan
Region, Iraq. Patient consent and specimen
acquisition were both handled in accordance with
the standards set out by Par Hospital's protocol.
Patients with BC were diagnosed and categorized
using the TNM approach developed by the
American Joint Committee on Cancer (AJCC).
The clinical characteristics of the individuals
covered are presented in (Table 1). The
clinicopathological parameters and their relation
with miR-1226 expression level, categorized as
either low or high expression, are shown in (Table
2).

Table 2: Clinicopathological parameters and in relation to
the expression level of miR-1226 among 30 cases,
categorized as either low or high expression.

miR-1226 Expression Level
Parameters | Subclasses | Cases | Low | High p-
value
250 26 24 2
Age (years) <50 7 3 1 0.360
I 2 1 1
Tumor 1 20 14 6
grade 1l 6 5 1 0.636
N/A 2 2 0
Tumor size 215 28 20 8
(mm) <15 2 2 0 0.377
Negative 9 7 2
ERstatus ™ b sitive 21 | 15 | 6 | °"®
Negative 11 6 5
PRstalus ™ positive 19 | 16 | 3 | 297
Her-2 status Negative 22 15 7 0.290
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Positive 8 7 1
Negative 9 8 1
Lymph —

Node Positive 21 19 2 0.894

Negative 19 17 2

Ki67 Positive 9 8 1
N/A 2 2 0 0.887

2.2. RNA isolation and reverse transcription
Total RNA was isolated from 30 FFPE tissue
pairs of tumoral samples and their control tissues
utilizing the miRNeasy FFPE kit (Qiagen, catalog
no 217504) and reverse transcribed into cDNA
utilizing the miScript || RT Kit (cat. nos. 218161).

2.3. Real-time quantitative PCR

Two-step gRT-PCR was conducted
following the manufacturer's instructions using the
miScript SYBR Green PCR kit (Qiagen, catalog
no. 218073), incorporating the miScript universal
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primer and the miR-1226-specific forward primer
supplied by Immunogen CENTER. The primers
for miR-1226 and the endogenous control U6 are
shown in (Table 3). The U6 RNA was chosen as
an endogenous reference to determine the
relative amount of miR-1226 expression in tumor
tissues in comparison to control tissues using the
2-AACt approach, where [ACT = CT (a target
miRNA) — CT (a reference gene)].

Table 3: Nucleotide sequences of primers.

miRNA & .
HKGs Sequence of the primers
MiR-1226 Forward: AACAAGGTGAGGGCATGCAG
Reverse: GTGCAGGGTCGGAGGT
U6 Forward: GTGCTGCTTGGGCAGCA
Reverse: GAAATATGGAACGGTTC

Table 1. Clinical and demographic features of the enrolled patients.

No | Age (sn"z:‘) Grade Stage ER PR Her-2 Lymph Node Ki67
1 40 30 I A + - - + +
2 56 26 Il IIB + - - + -
3 55 35 Il 1B + - - + -
4 57 24 Il A + + - + -
5 58 28 Il 1B - - + + N/A
6 60 30 I A - - - - -
7 57 22 Il A + + - + -
8 77 30 Il A + + - - -
9 58 6 Il IA - - - - +
10 61 15&5 Il A + + + + N/A
11 53 40 N/A N/A - - + - -
12 60 27 Il A + + - - -
13 62 32 Il A + + - - -
14 59 25 Il A + + - + -
15 52 40 N/A N/A + + - + -
16 68 25 1 A - - + + +
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17 66 15 [ 1A + + +
18 67 28 [ B + + +

19 49 24 [ Ille} + + +

20 52 70 1l A + + + + +
21 49 25 [ lIA + +

22 45 21 I lIA + + +
23 51 55 [ A - - + + +
24 54 18 | lIA + + +

25 70 24 [ lIA + + +

26 56 45 [ Ille} + + +

27 72 27 [ A + + +

28 69 17 I A - . + + +
29 59 30 [ lIA - + +

30 71 30 I B - . + + +

2.4. Statistical analyses

All statistical analyses were conducted utilizing
GraphPad Prism version 8.4.3 (686) and MedCalc
version 23.1.7. The Wilcoxon test was utilized to
compare miRNA expression levels between the
FFPE tissue of breast cancer patients and that of
breast cancer controls. The Chi-square test (x?
test or X? test) was utilized to analyze the
relationship between miR-1226 expression and
clinicopathological characteristics. The ROC
curve analysis was employed to assess the
diagnostic significance of miR-1226.

3. Results

3.1.  Clinical and pathological
characteristics of BC patients and the
expression of miR-1226

To examine the association between the
overexpression of miR-1226 and the clinical
development of BC, we assessed the correlation
between miR-1226 expression levels and the
clinicopathological characteristics of BC patients.
As shown in (Table 2) and (Figure 1), Age
stratification did not show a statistically significant
correlation with the outcome (p = 0.360). Lymph
node involvement (p = 0.894) demonstrated no
significant relationship. Proliferation marker Ki-67
expression, categorized into three levels, yielded
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no significant association with outcome status (p
=0.887).

Tumor-related variables, including tumor grade
and tumor size, were also evaluated. Neither
parameter showed significant associations with
the p-value of 0.636 and 0.377, respectively.
Hormone receptor status analyses revealed no
significant effect of ER status, with p-value
0.719. PR status demonstrated a non-significant
trend towards association, p-value = 0.077, with
PR-negative tumors exhibiting a higher proportion
of cases classified as High, suggesting potential
clinical relevance that merits further investigation
in larger cohorts. Finally, HER-2 status did not
significantly correlate with outcome stratification,
with a p-value of 0.290.

These data collectively suggest that, in this
population, none of the assessed
clinicopathological variables were significantly
correlated with the dichotomized outcome
measure. The nearly significant trend noted for PR
status may necessitate more investigations with
enhanced statistical power to elucidate its
predictive value.
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Figure 2 Shows the -correlation between miR-1226
expression and BC clinical parameters.

3.2.Correlation and expression of miR-1226
and HKGs in FFPE tissues of BC

The expression levels of miR-1226 were
compared between tumor and control samples
using the Wilcoxon matched-pairs signed rank
test. A significant difference was observed
between the groups, with an exact two-tailed P-
value of 0.008. The median expression level of
miR-1226 in tumor samples was 35.04, compared
to 33.11 in control samples, yielding a median
difference of —1.930 (Figure 2). These findings
indicate that miR-1226 expression is significantly
altered in tumor tissues relative to controls.
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In addition, the expression of HKGs was also
compared between tumor and control groups
using the Wilcoxon matched-pairs signed rank
test. The analysis yielded an exact two-tailed P-
value of 0.123, indicating no statistically significant
difference (P > 0.05). The median expression level
of HKGs in tumor samples was 37.10, compared
to 34.95 in control samples, with a median
difference of —2.150 (Figure 3). These findings
suggest that HKG expression does not differ
significantly between tumor and control tissues.

Furthermore, the ROC curve analysis was
performed to evaluate the diagnostic performance
of miR-1226 expression in distinguishing between
tumor and control groups. The AUC was (0.6844),
with a standard error of (0.07162) and a 95%
confidence interval ranging from (0.5441 to
0.8248). The P-value from the ROC analysis was
(0.014), signifying that miR-1226 possesses a
statistically significant discriminatory capacity
(Figure 4).

Overall, these findings demonstrate that miR-
1226 is markedly elevated in tumor tissues
relative to controls and may serve as a possible
diagnostic biomarker, as evidenced by the ROC
curve analysis. The disparities in housekeeping
gene expression further corroborate the observed
patterns' regularity.
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Figure 2. Relative expression level of miR-1226 in 30 FFPE
tissue pairings of tumor samples and their control tissues.
(**: p-value = 0.008).
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HKGs expression level
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Figure 3. Relative expression level of miR-1226 HKGs in 30
FFPE tissue pairs of tumoral samples and their control
tissues. (ns: p-value = 0.123).
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Figure 4. The ROC curve of miR-1226 expression for the
differentiation of BC tissues from Control tissues. AUC
indicates the area under the ROC curve.

3.3.Folding expression of miR-1226 utilizing 2-
AACT method for gRT-PCR data analysis

The relative expression level of miR-1226 was
evaluated using the 2- AACT method, a widely
used gPCR approach for analyzing gene
expression differences. This method involves
normalizing the cycle threshold (CT) values of the
target gene to a reference HKGs within each
sample to account for sample-to-sample variation
in RNA quantity or quality.

For the target sample, the ACT was
calculated by subtracting the CT of the reference
gene from the CT of miR-1226, resulting in a ACT
of -0.891 (34.729 — 35.62). Similarly, the ACT for
the control group was -1.275, obtained by
subtracting the reference gene CT (34.116) from
the control CT value (32.841).

The difference between these two ACT
values, known as AACT, was calculated to be
0.384 (-0.891 — (-1.275)). This AACT value was
then used to determine the relative fold change in
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expression of miR-1226, using the formula 2 (-
AACT). The resulting fold expression was 1,
indicating that miR-1226 is expressed
approximately 1.3 times higher in the target
sample compared to the control, suggesting a
slight upregulation of this miRNA.

Table 5: Shows the results of folding expression of miR-
1226 utilizing 2-242CT method for qRT-PCR data analysis.

Equations
ACT target miR- ACT = CT (a target miR-1226) — CT (a
19226 reference gene)

ACT (target) = 34.729- 35.62= -0.891

ACT = CT (Control) — CT (control-reference

ACT control gene)
ACT (Control) = 32.841- 34.116=-1.275
AACT = ACT (a target miR1226) — ACT
AACT (Control)
AACT = -0.891— (-1.275) = 0.384
Folding Folding Expression = 2-AACT = 2-(0.384) =
Expression 1.305

4.Discussion

Altered miRNA expression levels have
been identified in numerous cancerous tissues,
and the unbalanced microRNAs are recognized
as a significant factor in the onset and progression
of various malignancies (Hussen et al., 2023b).
One of the most dangerous cancers in women is
breast cancer, significantly impacting human
health and perhaps leading to fatality (Hussen et
al., 2023a). It is proposed to be a heterogeneous
neoplasm characterized by diverse variations in
the expression of miIRNA and mRNA profiles
(Nurzadeh et al., 2021). A significant amount of
research on the aberrant expression levels of
several miRNAs and their functions in breast
cancer has been recorded. For instance, in
patients with BC, miR-21 is overexpressed while
miR-125b is under expressed (Najjary et al., 2020,
Wang et al., 2012). Similarly, Zhang et al. revealed
that serum exosomal miR-1246 and miR-155
were up-regulated in BC patients (Zhang et al.,
2020). Moreover, the overexpression of miR-96
has been demonstrated to enhance the migration
of breast cancer cells by downregulating Smad7
expression. The data suggest that miR-96 may
function as a predictive biomarker for breast
cancer (Zhang et al., 2025). Furthermore,
research has demonstrated that miR-21 (Yadav et
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al., 2016), and miR-133a (Elshimy et al., 2017),
despite being involved in tumour progression, do
not exhibit consistent age-dependent expression
patterns in BC patients. Likewise, miR-155,
another key oncomiR involved in immune
regulation and cancer progression, has been
reported to exhibit dysregulation in BC tissues
regardless of the patient's age (Sharma et al.,
2022). Similarly, higher levels of miRNAs 187-3p
and 143-3p, and lower levels of 205-5p were
associated with shorter survival times. miRNA 205,
an onco-suppressor, was previously reported to
reduce invasion and was associated with better
prognosis (Van Schooneveld et al., 2015,
Natarajan et al., 2019). These miRNAs are widely
expressed across different age groups, reinforcing
the idea that specific oncogenic or tumor-
suppressor miRNAs operate independently of the
patient's age (Chauhan et al., 2025). However,
recent research has shown that miRNAs could be
optimal candidates for the creation of therapeutic
targets and innovative biomarkers.

This study found that no significant correlation
between miR-1226 expression levels and the
clinical development of BC. Age, lymph node
involvement, and Ki-67 expression were not
significantly associated with outcome status.
Tumor-related variables like grade and size
showed no significant associations. Hormone
receptor status, PR status, and HER-2 status did
not significantly correlate with outcome
stratification. The trend for PR status may require
further investigation for its predictive value.
Moreover, the study found a significant difference
in miR-1226 expression between tumor and
control samples using the Wilcoxon test. The
median expression was higher in tumor samples
(35.04), than in control samples (33.11). The
median expression of HKGs was also higher in
tumor samples (37.10) compared to control
samples (34.95). The ROC curve analysis showed
a significant discriminatory capacity for miR-1226,
suggesting it may serve as a diagnostic
biomarker. @ The  observed patterns  in
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group had a ACT of -1.275. The difference
between these values was 0.384, indicating a
relative fold change in miR-1226 expression. The
resulting fold expression was 1, indicating a slight
upregulation of miRNA.
However, our study has several limitations due to
small sample sizes for FFPE tissues, lack of
research on miR-1226's diagnostic performance
for different ethnic groups, and significant
heterogeneity in BC detection due to patients with
different TNM stages. Additional study is required
to assess the efficacy of miR-1226 as a biomarker
for early BC detection.
Conclusion

In conclusion, the deregulation of miRNAs is
pivotal in the genesis and progression of BC. This
study demonstrated a slight upregulation of miR-
1226 in breast cancer tissues compared to
controls, with potential diagnostic value indicated
by ROC curve analysis. However, no significant
correlations were found between miR-1226
expression and clinical parameters such as tumor
grade, size, hormone receptor status, or patient
outcomes. Despite promising findings, limitations
including small sample size, ethnic variability, and
disease heterogeneity highlight the need for
further research to validate miR-1226 and other
miRNAs as reliable biomarkers for breast cancer
diagnosis and prognosis.
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