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Abstract

The investigation of microRNAs (miRNAs) for the purpose of iden-
tifying biomarkers and new treatments for breast cancer has been
gaining traction from scientists in recent years. Of all the miRNAs,
miR-155 has been reportedly involved in breast cancer development
as it regulates various cellular processes such as glucose uptake,
proliferation, metastasis, and migration. Various efforts have been
done towards researching miR-155 as a biomarker in breast cancer;
however, the results were varied. The objective of the current sys-
tematic review is to compile and summarize information regarding
miR-155 as a potential diagnostic biomarker for breast cancer. All
eligible studies were found from SCOPUS and PubMed databases.
Out of the 376 potential eligible records, only 26 original articles
were selected for further assessment according to inclusion and
exclusion criteria. The expressions of miR-155 in serum, plasma,
biopsy, urine, nipple aspirate fluid, serum exosomes, and periph-
eral blood mononuclear cells were recorded and analyzed. Besides
that, the expression of miR-155 was also correlated to clinicopatho-
logical features in breast cancer patients. The area under the curve
(AUC) values from receiver operating characteristic (ROC) analysis
used to evaluate diagnostic sensitivity and specificity of miR-155 as
a diagnostic biomarker were also recorded. The limitations such as
the small sampling size, the unemployment of internal controls for
quantitative real-time polymerase chain reaction (RT-qPCR), and
inconsistency of sensitivity as well as specificity values of miR-155
as a biomarker have been discussed. The present study proposed
that miR-155 is a good diagnostic biomarker for breast cancer; how-
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ever, further clinical research is required to assess the validity of
miR-155 as a potential biomarker to translate the research outcomes
into clinical practice.
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Introduction

Breast cancer has been an alarming issue globally as it is the
leading cause of cancer-related death in women [1]. Female
breast cancer is the most commonly diagnosed cancer world-
wide, with 2.3 million affected cases and 685,000 mortality
cases reported in 2020 [2]. Devastatingly, of those 2.3 million
affected individuals, 45.4% of those breast cancer cases were
diagnosed and reported in Asia [3]. According to World Health
Organization (WHO), Asia was ranked the second highest for
mortality-to-incidence ratio of breast cancer (0.32) which is
higher than the world’s average (0.28) [4].

The advancement of technology in the healthcare has
allowed us to develop various equipment such as mammog-
raphy [5], ultrasound [6], and magnetic resonance imaging
(MRI) [7] for diagnostic screening and disease monitoring
to aid in the early detection and prognosis of breast cancer.
Mammography, which has been the gold standard for breast
cancer screening, has certain limitations such as false posi-
tives and false negative findings, leading to misdiagnosis [8].
Therefore, blood-based molecular biomarkers with high diag-
nostic performance could be alternatives to improve and com-
plement the current imaging techniques used for diagnosing
breast cancer.

MicroRNAs (miRNAs) are short, non-coding RNA tran-
scripts derived from the metabolic processing of longer, pri-
mary RNA transcripts encoded by miR genes [9]. Deregulated
miRNA expression profiles have been implicated in various
human cancers such as breast [10], lung [11], colon [12], and
adult T-cell leukemia [13]. Therefore, circulating miRNAs
have gained widespread attention in the field of molecular and
cancer biology for its proposed practicality as novel biomark-
ers in many human diseases due to its stable nature [14]. Of
all the identified miRNAs, miR-155 has been reported to be
highly correlated with breast cancer development in women.
MiR-155 maps within and is processed from an exon of a non-
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coding RNA transcribed from the B-cell integration cluster
(BIC) located on chromosome 21. MiR-155 has been reported
to play essential roles in pathological and physiological pro-
cesses in the human body as it regulates the expression of other
oncogenes and tumor-suppressors associated with breast can-
cer carcinogenesis [15].

Although miR-155 has been proposed for various diag-
nostic and prognostic purposes in breast cancer [16], some of
these studies had contradicting outcomes. For example, Huang
and co-workers (2018) reported high diagnostic efficiency and
reliable clinical validity for miR-155, which demonstrated its
diagnostic ability as a biomarker in breast cancer [17]. On the
other hand, a study by Grimaldi et al (2020) stated that miR-
155 was one of the most non-specific biomarkers for diagnos-
tic purposes due to its poor consistent expression patterns and
lack of specificity, for which the role and mechanism of miR-
155 needs further verification [18]. As a result, we considered
that it would be useful to conduct a systematic review on the
diagnostic values of miR-155 as observed in several human
samples such as serum, plasma, tissue biopsy, urine, periph-
eral blood mononuclear cells, and serum exosomes from breast
cancer patients in order to solidify the diagnostic performance
of miR-155 as a prospective biomarker for breast cancer di-
agnosis.

Materials and Methods

Search strategy

A systematic literature search was performed by two authors
(YBS and LWX) independently on SCOPUS and PubMed
databases. The following search strategies were used: (miR-
155 OR microRNA-155 OR miRNA-155 OR miR155) AND
breast cancer AND (diagnosis OR diagnostic OR biomarker
OR biopsy OR blood OR plasma OR serum).

Quality assessment

The inclusion and exclusion criteria of the articles are as fol-
lows. Inclusion criteria were: 1) miR-155 as a diagnostic tool
in blood samples of breast cancer patients, breast cancer tissue
or any relevant samples collected from breast cancer patients;
2) original research articles; 3) English language; and 4) sam-
ple collection was done before patients were given treatment.
Exclusion criteria were: 1) conference proceedings, letters,
case reports, and reviews; 2) articles in press; 3) non-English
articles; 4) methodological studies; 5) studies that do not focus
on breast cancer and miR-155; and 6) full text not available.
The discrepancies between the authors were resolved by con-
sensus.

A quality assessment of selected studies was conducted
by utilizing the criteria set by Quality Assessment of Diag-
nostic Accuracy Studies (QUADAS-2) [19]. Each item on the
QUADAS-2 list was checked with answers, yes, no or unclear.
Then, the scores of QUADAS-2 were recorded to determine
the overall quality of the selected studies. The scores of each

article were reported. This systematic review was conducted
according to the Preferred Reporting Items for Systematic Re-
views and Meta-Analysis (PRISMA).

Data extraction and quality assessment

After the selection procedure, a summary was prepared by an
author (YBS) using Excel spreadsheet database to include all
the articles which met the inclusion criteria. Further informa-
tion verification was done by the second author (LWX). For
each study, the following information was extracted: publica-
tion year, sample used for investigation, cohort study, miRNA
investigated in the study, method used to investigate miR-155
expression, expression of miR-155 in samples, clinicopatho-
logical features, area under the curve (AUC) of receiver oper-
ating characteristic (ROC), sensitivity, specificity, and refer-
ence.

Results
Literature search results

According to the proposed search strategy, a total of 376 arti-
cles related to the diagnostic role of miR-155 in breast cancer
were found from SCOPUS and PubMed databases. After re-
moving the duplicates, 307 records remained. Of these poten-
tial eligible records, 47 records were excluded because they
were either original research articles or non-English literature
publications. From the remaining 260 articles, 155 of the re-
cords were found to be irrelevant after title and abstract screen-
ing, leaving 105 potential eligible records to be screened. Of
these articles, 11 records were focused on the prognostic value
of miR-155 that will not be discussed in this article, 25 were
methodological studies, 10 involved the use of cell lines or
animal models, and 34 articles were found lacking relevant in-
formation pertaining to miR-155. The consensus for full-text
acceptance between two authors was 75.8% (n = 25/33). For
disputed articles (n = 8), one article was included whereas the
other of the articles were rejected after discussion between two
authors. As a result, this systematic review was written based
on 26 eligible studies which discussed the diagnostic value of
miR-155 in serum, plasma or biopsy samples from breast can-
cer patients. Furthermore, we also included studies which in-
vestigated the expression of miR-155 in urine samples, nipple
aspirate fluid, serum exosomes, and peripheral blood mononu-
clear cells of breast cancer patients. Figure 1 shows the results
of the literature search.

The findings of each study are detailed in Table 1 [17, 20-
37] and Table 2 [27, 34, 38-44]. In this systematic review, we
have selected 26 original articles that were published between
2014 and 2024 and had a sample size ranging from 14 to 290
samples, amounting to 2,901 samples in total. Twenty-two in-
cluded studies assessed miR-155 in a shortlist of two or more
deregulated miRNAs, while four articles were focused solely
on miR-155 as a biomarker. All 26 studies utilized quantitative
real-time polymerase chain reaction (RT-qPCR) as the method
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Figure 1. Flowchart showing strategy searches and selection processes for the systematic review.

to detect miRNA expression. Pertaining to the types of sam-
ples used for miR-155 expression, 10 studies used serum sam-
ples, seven articles used plasma samples, three studies used
breast cancer tissue biopsies, one study investigated serum ex-
osomes, one study used nipple aspirate fluid, one study used
peripheral blood mononuclear cells of breast cancer patients,
and the remaining two studies investigated multiple biological

samples such as midstream specimen of urine and serum as
well as plasma and tissue biopsy, respectively. Furthermore, 17
out of 26 articles evaluated the biomarker potential of miR-155
using ROC curve analysis. The AUC values were calculated to
evaluate the diagnostic accuracy of miR-155 as a diagnostic
biomarker. The specificity and sensitivity values of miR-155
were also reported.
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Quality assessment

The quality of the 26 studies was evaluated using QUADAS-2,
and the majority of the selected articles scored more than 6 out
of 9. In addition, most of the selected articles were ranked as
low risk of bias with low risk in applicability. Only one study
was rated 3 out of 9 due to unclear exclusion criteria of patient
recruitment, low number of patient sampling as well as unclear
internal reference used for RT-qPCR. Despite that, six studies
(23%) were found to have high risk of biased patient selection,
while unclear reference standard was found in 19% of the se-
lected studies. As a result, significant bias was not presented.
The detailed information of QUADAS-2 assessment is pre-
sented in Tables 3 and 4 [17, 20-44] as well as Figures 2 and 3.

Diagnostic value of miR-155

All articles focused on miR-155 as a diagnostic biomarker for
both invasive and non-invasive breast cancers were investi-
gated. Among the total 26 selected articles, 14 research articles
correlated miR-155 to the clinicopathological changes (tumor
size, stage of cancer, grade of cancer, involvement of lymph
node, metastasis, and molecular type of tumor) of breast can-
cer.

Expression of miR-155 in serum/plasma

Of all the articles, 19 of them involved the investigation of
miR-155 expression in breast cancer patients’ serum or plasma
[17, 20-37], 15 articles have demonstrated upregulation of
miR-155 in breast cancer patients’ serum or plasma [17, 20-
33], one study showed no significant difference in the expres-
sion of miR-155 in serum of healthy individuals and breast
cancer patients [34], and three remaining articles showed
downregulation of miR-155 expression [35-37].

Among the selected articles, three studies investigated
miR-155 expression in invasive breast cancer patients’ serum
or plasma. Huang et al (2018) and Anwar et al (2020) demon-
strated significant upregulation of miR-155 in serum and plas-
ma respectively from invasive breast cancer patients compared
to healthy controls [17, 20]. On the other hand, Jurkovicova et
al (2017) showed that miR-155 was downregulated by 0.71-
fold in plasma extracted from invasive breast cancer in respect
to healthy controls [35].

Three studies examined the expression of miR-155 in
early breast cancer patients. Itani et al (2021), Canatan et al
(2021), and Mohamed et al (2022) found that miR-155 was
significantly upregulated in the samples from early breast
cancer patients as compared to healthy subjects [21-23]. Be-
sides that, two articles focused on miR-155 expression in pri-
mary breast cancer patients have shown conflicting results. In
a study by Swellam et al (2019), miR-155 was significantly
expressed in serum samples of primary breast cancer patients
compared to those that are benign [24]. However, Erbes et al
(2015) disclosed that there was no significant difference in
miR-155 expression in the serum between primary breast can-

cer and healthy individuals [34].

In addition, a few authors have put their attention into
investigating miR-155 expression in the serum or plasma of
specific types of breast cancers. A study by Aksan et al (2020)
examined miRNA expression in patients with idiopathic gran-
ulomatous mastitis (IGM), revealing that miR-155 expression
in IGM patients was downregulated by 0.73-fold compared to
healthy controls [36], whereas Shaheen et al (2019) mentioned
that miR-155 expression was upregulated in triple negative
breast cancer (TNBC) plasma samples by 26.21-fold, com-
pared to non-TNBC plasma samples (9.57-fold) [25]. Similar
results were reported by Kumar et al (2023) who discovered
the elevated miR-155 expression with a fold change of 7.26
in TNBC patients’ serum sample compared to serum samples
from healthy individuals [26].

Expression of miR-155 in biopsy, urine, serum exosomes, nip-
ple aspirate fluid, and peripheral blood mononuclear cells

A few studies have also investigated the miR-155 expression
in other biological samples such as breast cancer tissue biopsy,
urine, serum exosomes, nipple aspirate fluid, and peripheral
blood mononuclear cells. Soleimanpour et al (2019) and Bitaraf
et al (2020) mentioned that miR-155 was significantly upregu-
lated in invasive breast cancer tumor tissues [27, 38]. Similar
results were also reported by Nassar et al (2014) and Kole-
snikov et al (2016), who observed upregulation of miR-155
in tissues of breast cancer patients [39, 40]. Erbes et al (2015)
found that urine samples can also be utilized for breast cancer
diagnosis and observed that miR-155 was overexpressed in the
urine of breast cancer patients [34]. Asgeri et al (2022) have
proved that serum exosomes could be utilized as testing sam-
ples for breast cancer diagnosis as expression of miR-155 in
serum exosomes from breast cancer patients was higher com-
pared to controls [41]. Moreover, recent studies by Raeisi et al
(2020) and Iranparast et al (2022) reported miR-155 upregula-
tion in peripheral blood mononuclear cells of newly diagnosed
breast cancer patients [42, 43]. However, unlike other stud-
ies, Qin et al (2017) mentioned that there were no significant
differences in miR-155 expression detected in nipple aspirate
fluid between breast cancer patients and healthy controls [44].

MiR-155 as a potential diagnostic marker for breast cancer

Of the 26 selected articles, 17 research articles evaluated the
diagnostic value of miR-155 using AUC values calculated
from ROC. AUC values closer to 1 reflect a more substantial
difference between breast cancer samples and normal samples.
Ranges of AUC values between 0.5 and 0.7 will be considered
as low diagnostic accuracy, whereas moderate diagnostic accu-
racy falls within the 0.7 to 0.9 range; AUC values higher than
0.9 will indicate high diagnostic accuracy [28]. In addition, the
sensitivity and specificity values of miR-155 were reported in
only 13 selected articles.

Overall, the AUC values of the ROC curve for miR-155
expressed in serum or plasma samples from the selected arti-
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Table 4. Risk of Bias and Applicability of the Methodology of Each Selected Study

Risk of bias Applicability
Patient Index Reference Flow and Patient Index Reference
selection test standard timing selection test standard
Nassar et al (2014) [39] High Low Low Low High Low Low
Erbes et al (2015) [34] Low Low Low Low Low Low Low
Hagrass et al (2015) [33] Low Low Low Low Low Low Low
Han et al (2016) [32] Unclear Low Unclear Low Unclear Low Unclear
Guo et al (2016) [28] Low Low Unclear Low Low Low Unclear
Zhang et al (2016) [31] Low Low Low Low Low Low Low
Jurkovicova et al (2017) [35] Low Low Low Low Low Low Low
Qin et al (2017) [44] Low Low Low Low Low Low Low
Soleimanpour et al (2018) [27] Low Low Low Low Low Low Low
Huang et al (2018) [17] Low Low Low Low Low Low Low
Shaheen et al (2019) [25] High Low Low Low High Low Low
Kolesnikov et al (2019) [40] Low Low Low Low Low Low Low
Swellam et al (2019) [24] Low Low Low Low Low Low Low
Swellam et al (2019) [30] Low Low Low Low Low Low Low
Aksan et al (2020) [36] Low Low Low Low Low Low Low
Anwar et al (2020) [20] Low Low Low Low Low Low Low
Bitaraf et al (2020) [38] Low Low Low Low Low Low Low
Mojahed et al (2020) [29] Low Low Unclear Low Low Low Unclear
Raeisi et al (2020) [42] High Low Low Low High Low Low
Itani et al (2021) [21] High Low Low Low High Low Low
Canatan et al (2021) [22] High Low Low Low High Low Low
Iranparast et al (2021) [43] Low Low Low Low Low Low Low
Asgari et al (2022) [41] High Low Unclear Low High Low Unclear
Mohamed et al (2022) [37] Low Low Unclear Low Low Low Unclear
Mohamed et al (2022) [23] Low Low Low Low Low Low Low
Kumar et al (2023) [26] Low Low Low Low Low Low Low

“Low” represents low risk of bias and low risk of errors when methodology is applied; “Unclear” indicates the risk of bias and risk of errors are unclear
when the methodology is applied; “High” represents high risk of bias and high risk of errors when methodology is applied.

cles ranged from 0.692 to 0.995. Majority of the selected stud-
ies had AUC values that reflect the moderate diagnostic accu-
racy category. For example, Guo et al (2016) and Mojahed et al
(2020) who assessed the expression of miR-155 solely in serum
reported AUC values of 0.879 and 0.890, respectively, indicat-
ing moderate diagnostic accuracy [28, 29]. High AUC values,
0.944 and 0.995, were reported by Mohamed et al (2022) and
Swellam et al (2019), respectively, where both authors investi-
gated more than two miRNAs [23, 30]. On the other hand, the
AUC value reported by Zhang et al (2016), 0.692, was lower
than 0.7, reflecting low diagnostic accuracy [31].

Sensitivity and specificity values for detecting miR-155
expression in serum and plasma samples had sensitivity val-
ues ranging from 66% to 100% and specificity values ranging
from 51.02% to 97.10%. Studies by Shaheen et al (2019) and
Han et al (2016) both reported 100.00% sensitivity in detecting

miR-155 of serum samples, despite the specificity being only
73.53% and 51.02%, respectively [25, 32]. On the other hand,
91% and 88.89% specificity in identifying miR-155 were re-
ported by Anwar et al (2020) and Mojahed et al (2020), despite
the sensitivity of using miR-155 as biomarker being reported
at 70% and 77.78%, respectively [20, 29]. A study by Swellam
et al (2019) reported high sensitivity (95.00%) and high speci-
ficity (97.10%) in detecting miR-155 in serum [24]. In addi-
tion, low sensitivity (66%) and low specificity values (68.9%)
were also reported by Zhang et al (2016) [31].

Besides that, ROC analysis was conducted in studies
which employed other biological samples for the investigation
of miR-155 as a biomarker for breast cancer. High diagnostic
accuracy with AUC values of 0.83 and 0.941 was reported by
Soleimanpour et al (2018) and Raeisi et al (2020), respectively
from breast cancer tissue biopsy samples [27, 42]. In addition,
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Figure 2. The risk of bias of the methodology of the selected studies. All the studies were ranked low risk of bias in flow and tim-
ing and index test. However, 23% of studies were found to have high risk of bias in patient’s selection, while 19% of the studies
were ranked unclear in reference standard.
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Figure 3. The applicability of the methodology of the selected studies. All the studies were ranked low risk of error in index test.
However, 23% of studies were found to have high risk of errors in patient’s selection, while 19% of the studies were ranked un-
clear in reference standard.
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Raeisi et al (2020) also reported high sensitivity (84.4%) and
specificity (91.1%) of using miR-155 as a biomarker in breast
cancer tissue biopsy [42]. Moderate diagnostic accuracy,
with an AUC value of 0.87, was reported by Kolesnikov et al
(2016), who investigated the expression of miR-155 in tissue
biopsy from TNBC patients [40].

Correlation of miR-155 expression and clinicopathological
features in breast cancer patients

Out of the 26 selected articles, 15 of them associated miR-
155 expression in serum, plasma or tissue biopsy samples with
the clinicopathological features in breast cancer patients. Only
Iranparast et al (2022) investigated the association of breast
cancer clinicopathological features and miR-155 expression
in peripheral blood mononuclear cells [43]. Han et al (2016),
Bitaraf et al (2019), and Nassar et al (2014) reported the corre-
lation of miR-155 expression with clinicopathological changes
in breast cancer from tissue biopsies, while the remaining arti-
cles reported these correlations using serum or plasma samples
[32, 38, 39]. In general, different findings have been reported.

Among the chosen articles, five authors investigated the
correlation between breast cancer tumor sizes and the changes
of miR-155 levels. Anwar et al (2020), Mohamed et al (2022),
and Mojahed et al (2020) stated that miR-155 expression was
high when the tumor size was larger than 5 cm [20, 23, 29].
On the other hand, Shaheen et al (2019) revealed that the ex-
pression of miR-155 decreased when the breast cancer tumor
size increased [25]. Besides that, the study done by Anwar et
al (2020) reported that miR-155 expression was high in grade
IIT breast cancer which aligned with the findings of Mojahed
et al (2020), Swellam et al (2019), and Hagrass et al (2014)
[20, 29, 30, 33]. Contrastingly, Shaheen et al (2019) observed
decreased miR-155 expression in stage III and IV of breast
cancer [25].

In addition, the association between miR-155 expres-
sion and patients’ age, lymph node involvement, and metas-
tasis status was investigated. Anwar et al (2020) observed that
breast cancer patients who are 40 years and above had higher
levels of miR-155 in their plasma [20]. Similar findings were
reported by Nassar et al (2014), who studied the miR-155 ex-
pression in breast cancer tumors [39]. In contrast, Soleiman-
pour et al (2018) reported no correlation between breast cancer
patients’ age and miR-155 expression in plasma [27]. In the
case of lymph node involvement, Shaheen et al (2019) discov-
ered that miR-155 levels were decreased in advanced stages
of breast cancer, such as N2 and N3 stages [25]. Furthermore,
two studies have reported significant increases in miR-155 ex-
pression in metastatic breast cancer and breast cancer patients
with lymph node metastasis [33, 37]. However, Shaheen et al
(2019) reported low levels of miR-155 in case of metastasis in
advanced stages of TNBC [25].

In three out of 15 articles that investigated the correlation
of miR-155 expression and molecular classification of breast
cancer, Jurkovicova et al (2017) reported that increased miR-
155 expression was associated with estrogen receptor (ER)-
positive and progesterone receptor (PR)-positive as well as

high level of Ki-67 breast cancer [35]. In contrast, Mohamed
et al (2022) and Nassar et al (2014) demonstrated high levels
of miR-155 in PR-negative breast cancer and human epider-
mal growth factor receptor 2 (HER2)-positive breast cancer
[23,39].

Discussion

In the pursuit of diagnostic biomarkers for various human dis-
eases, researchers have proposed miRNAs as an option due to
their involvement in oncological development and metastasis
in breast cancer. MiRNAs play pivotal roles in the post-tran-
scriptional regulation of gene expression in different tissues
and stages of cellular development via highly specific inter-
actions and complex regulatory networks [45]. Many studies
have shown significant differential miRNA expression profiles
in breast cancer tissues compared to those of non-cancerous
tissue [17, 24, 33]. In addition, numerous studies have been
conducted to assess the potential use of circulating miRNAs
found in human serum and plasma as diagnostic biomarkers
for breast cancer [22, 26, 29]. Of all the miRNAs investigated,
the expression of miR-155 has been widely reported in breast
cancer research. To date, many researchers have demonstrated
an overexpression of miR-155 in the serum and plasma of
breast cancer patients. MiR-155 was shown to be involved in
breast cancer proliferation and metastasis, breast cancer cell
migration, as well as the regulation of metabolism, especially
that of glucose uptake and glycolysis [46-48]. The overexpres-
sion of miR-155 in breast cancer tissues as well as in liquid
biopsy samples, such as serum or plasma, has solidified the po-
tential of miR-155 as a breast cancer biomarker. These studies
highlight the importance of such data to stimulate the develop-
ment of breast cancer diagnostic kits and targeted anti-tumor
therapies that are currently not available in clinical settings and
the commercial market. Hence, in this systematic review, we
have analyzed the diagnostic value of miR-155 in breast can-
cer in order to provide useful insights by consolidating data
from various studies involving the expression as well as the
diagnostic value of miR-155 in various human samples such as
serum, plasma, breast cancer tissue biopsies, urine, peripheral
blood mononuclear cells, and serum exosomes.

We have selected 26 original articles that demonstrated the
potential diagnostic values of miR-155 in breast cancer from
376 identifiable records. The outcomes of all the studies were
different, with varying sensitivity and specificity values of
miR-155, even though miR-155 was found to be overexpressed
in majority of the studies. Generally, all authors discussed the
correlation of miR-155 expression to the likelihood of breast
cancer development as well as clinicopathological parameters
(tumor size, stage of cancer, grade of cancer, involvement of
lymph node, metastasis, and molecular subtype of the tumor)
of breast cancer. One of the major challenges in breast cancer
diagnosis, prognosis, and treatment is the inherent heteroge-
neity of breast cancer tumors [49]. Differential expression of
miR-155 in various molecular subtypes of breast cancer would
allow refinement of breast cancer classification for the purpose
of improved diagnosis and guide cancer treatment decisions
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[50]. As seen from studies that correlated molecular subtypes
with miR-155, upregulated miR-155 expression is reported to
be associated with ER-, PR- and HER-2 positive breast cancer
[23, 24]. However, conflicting results were observed by Mo-
hamed et al (2022) where in PR-negative breast cancer, high
miR-155 expression was instead reported, highlighting the
need for further research regarding this correlation [23].

The majority of the findings presented the upregulation of
miR-155 in the serum, plasma as well as tissue biopsy samples
collected from breast cancer patients. Similar results were also
discovered in urine [34], serum exosomes [41], and peripheral
blood mononuclear cells [42, 43]. In contrast, three studies
have shown the downregulation of miR-155 levels in plasma
or serum samples from breast cancer patients [35-37], while no
significant findings were reported by Erbes et al (2015) when
serum samples from breast cancer patients were tested [34].
Contradictory results were observed due to the varying demo-
graphic factors among all the selected studies as well as the
investigated breast cancer subtypes. In addition, we discovered
that in some of the selected studies, the number of subjects
involved in the research was insufficient to represent the popu-
lation size of the geographical location where the study was
conducted. For instance, Soleimanpour et al (2018) recruited
30 breast cancer patients while Mojahed et al (2020) had 36
breast cancer patients in their studies [27, 29]. Besides that,
the number of healthy controls recruited in a few other studies
was less than the number of breast cancer patients involved.
The number of breast cancer patients involved in Jurkovicova
et al (2017) study was at least four times (128 patients) more
than the number of healthy individuals recruited (28 controls)
[35]. Furthermore, although breast cancer tissue biopsies were
sampled in most of the chosen studies, the tissue samples were
mainly used for the purpose of clinicopathological evaluation.
Only four out of the 26 selected articles presented the expres-
sion of miR-155 in breast cancer biopsy [27, 38-40]. Despite
this, we still propose miR-155 to be utilized as a breast cancer
diagnostic biomarker due to the high expression of miR-155 as
it influences breast cancer progression for instances cell pro-
liferation and survival, cell migration and invasion, cell apop-
tosis as well as drug resistance [27]. We suggest that the future
study should consider larger group of research subjects which
represents the population where the study is conducted.

A few studies have put their attention into investigating
other human bodily fluids such as urine, peripheral blood mon-
onuclear cells, nipple aspirate fluid, and serum exosomes. Re-
sults have shown that miR-155 could be a potential candidate
as breast cancer biomarker in the aforementioned samples;
however, further investigation should be conducted to study
the diagnostic performance and reliability of using these sam-
ples for diagnosing breast cancer.

ROC analysis was used to evaluate the diagnostic value
of miR-155. Even though all the selected articles conducted
similar experiments in reporting miR-155 expression in vari-
ous human samples, only 17 out of 26 articles presented the
AUC values, which are sensitivity and specificity values used
to evaluate miR-155 as a diagnostic biomarker. However, the
results of these studies are varied. There were two articles that
reported the AUC values but not the sensitivity and specificity

values of miR-155 [21, 40]. Among the articles which reported
AUC values, the majority of them had AUC values that scored
above 0.83, while the lowest recorded AUC value was 0.692.
In addition, inconsistent results of sensitivity and specificity
values for miR-155 were observed among the selected studies.
High sensitivity of miR-155 was found in studies by Shaheen
etal (2019) (100%), Swellam et al (2019) (95%), and Han et al
(2016) (100%) [25, 30, 32], while the sensitivity of miR-155
reported by Zhang et al (2016) was only 66% [31]. Similarly,
the specificity of miR-155 as a biomarker varied where low
specificity, 51.02%, was reported by Han et al (2016) [32],
whereas 91% and 90% were reported by Anwar et al (2022)
and Mohamed et al (2022), respectively [20, 23]. The incon-
sistency of the results could be due to the different ranges in
sampling sizes, as some of the sampling sizes were not the
best representation of the population within the geographical
location. Furthermore, the employment of endogenous con-
trols such as RNU6-2 [36], miR-181 [22], and miR-16 [25,
34] in normalizing the expression level of miR-155 could be
helpful in standardizing the outcomes of sensitivity and speci-
ficity values of miR-155 during the ROC analysis. Neverthe-
less, the details of internal controls were not clearly mentioned
in some of the selected articles, hence the reference standard
was unclear. Instead of solely analyzing the diagnostic value of
miR-155, there were studies that presented the ROC analysis
as a combination panel of miRNAs that includes miR-155 in a
shortlist of a few other miRNAs. For instance, an AUC value
of 1.0 was reported by Mohamed et al (2022) from the miRNA
combination panel of miR-155, miR-10b, miR-34a, and miR-
373 [23]. As a result, the signature expression of a series of
miRNAs could be an alternative or even a better indication in
justifying the breast cancer diagnosis based on the AUC values
stated in the selected articles.

Conclusion and Recommendations

Conclusively, the results from our systematic review show that
miR-155 has the potential to be a good diagnostic biomarker
for breast cancer. The expressions of miR-155 in breast cancer
were reported to be upregulated in samples from breast can-
cer patients from most studies despite them being conducted
at different geographic locations with different patient demog-
raphy. The results from the present study could be conducive
for future scientific efforts needed to instigate the development
of targeted anti-tumor therapies and breast cancer diagnostic
kits using blood-based biomarkers to complement the current
breast cancer screening options and treatment regimens. In
spite of everything, further research still needs to be conducted
on a larger group of subjects in multi-institutional studies to
elucidate the role and mechanism of miR-155 as a reliable bio-
marker for breast cancer in order to translate subsequent re-
search outcomes into clinical practice. Given the progress seen
from miRNA-based diagnostic kits in other human cancers
such as lung [51], pancreatic [52], thyroid [53], and gastric
cancer [54], it would not be far-fetched to hope for the same
outcomes for breast cancer. However, inter- and intra-tumor
heterogeneity of breast cancer tumors still presents significant
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challenges in breast cancer classification and treatment [49].
Refinement in breast cancer stratification using miRNA-based
diagnostic kits could complement current diagnosis techniques
and encourage advancements in personalized precision treat-
ment of breast cancer, with the aim of reducing the clinical
burden of breast cancer patients.
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