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Abstract

Introduction: Breast cancer is one of the most common malignancies in women, and its
early diagnosis plays a crucial role in improving treatment outcomes. In this regard, the
identification of novel biomarkers that can contribute to earlier and more accurate
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using MedCalc software for meta-analysis. Standardized mean differences (SMD) and
standard deviations (SD) were used to assess alterations in serum/plasma amino acid
levels. Due to high heterogeneity between studies, a random-effects model was employed
in the meta-analysis.

Results: A total of 12 studies, involving 1,849 participants, met the inclusion criteria for
the meta-analysis. Our results showed significant changes in only two out of the 20 amino
acids when comparing breast cancer patients to the control group. Individuals with breast
cancer exhibited significantly lower serum/plasma tryptophan levels than the control
group, while serine levels were increased in the patient population compared to controls.

Conclusion: The results of this study demonstrated significant alterations in
serum/plasma tryptophan and serine levels in patients with breast cancer. These changes
may serve as a foundation for the development of novel diagnostic methods and the
improvement of therapeutic approaches for breast cancer.
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Introduction

Despite advancements in treatment, breast
cancer remains a major global health concern
(1). While current therapies have improved
outcomes, drug resistance and high mortality
rates persist. Early detection and identification
of risk factors are crucial for effective
management of the disease (2).

Recent research has highlighted the potential of
metabolomics, the study of small molecules, as
a valuable tool for understanding the metabolic
changes associated with breast cancer (3, 4).
Studies have shown significant differences in
metabolite profiles between breast cancer
patients and healthy controls (5, 6). Amino
acids, in particular, have emerged as key
players in the metabolic reprogramming of
cancer cells (7, 8). Abnormal amino acid
metabolism is linked to tumor initiation,
progression, and immune response (8). These
molecules provide essential nutrients for cancer
cell growth and survival (7). By analyzing
amino acid profiles in various biological fluids,
researchers aim to identify potential biomarkers
for early detection, risk assessment, and
treatment monitoring (9, 10).

This meta-analysis, the first of its kind,
investigated amino acid metabolism's role in
breast cancer. It aimed to identify key amino
acids for early diagnosis and therapeutic
assistance, focusing on their significance in
tumorigenesis.

Materials and Methods

Search Strategy

A systematic literature search was performed in
PubMed, Scopus, and Embase databases using
keywords and MeSH terms related to amino
acids (targeted metabolomics, amino acid,
targeted metabonomics, and metabolome) and
breast cancer (breast Neoplasm, breast tumor,
breast malignant neoplasm, mammary cancer,
mammary neoplasm, breast carcinoma,
mammary carcinomas, and breast cancer). No
restrictions were applied regarding language or
other factors, and the search encompassed all
available online publications from inception to
February 1, 2025. Additionally, the reference
lists of the included publications were reviewed
to ensure a comprehensive search.

Eligibility Criteria
Following the identification of relevant
sources, a rigorous screening process was

implemented to select studies for inclusion in
the analysis. All identified articles were initially
organized  using  EndNote  reference
management  software, and  duplicate
publications were subsequently removed. A
two-stage review process was then conducted
by BFNMG. In the first stage, titles, abstracts,
and keywords were evaluated. Studies
involving adult human subjects and employing
a case-control design were included. Exclusion
criteria comprised irrelevant studies, case
reports, non-original research (e.g., review
articles, meta-analyses, books, etc.), conference
abstracts, studies without a control group,
clinical trials, studies published in languages
other than English, studies with inaccessible
full texts or supplementary files, and studies
focused on animals, plants, cell cultures, or
computational research. The second author
(KG) was consulted to resolve any ambiguities.

Quality Assessment

The quality of the included case-control studies
was assessed using the Newcastle-Ottawa Scale
(NOS). This protocol assesses the quality of
studies included in meta-analyses across three
key criteria: selection (maximum 4 stars),
comparability (maximum 2 stars), and exposure
(this criterion does not apply to the current
study).

Data Collection

Data extraction included the names of authors,
year of publication, geographic location,
sample size, type of biological sample, disease
severity, and the technique used for measuring
amino acids. Additionally, concentrations of
amino acids, along with their standard
deviations were extracted from the included
articles.

Statistical Analysis

Standardized mean differences and 95%
confidence intervals (Cls) were calculated
using a random-effects model. The assessment
of statistical heterogeneity between the studies
was performed using the Q test and I? statistics.
Publication bias was evaluated visually via
funnel plots and statistically using asymmetry
tests, including the Begg and Egger tests. All
analyses were performed using MedCalc, and a
P-value of less than 0.05 was considered
statistically significant.
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Results

Study Selection

A systematic search across three databases
yielded an initial total of 934 studies. Following
the removal of duplicate articles, 665 articles
remained. After screening titles and article
types, 623  articles were excluded.
Subsequently, the full text of the remaining 42
articles was assessed, resulting in the inclusion
of nine studies that met the meta-analysis
eligibility criteria. The exclusion of 33 articles
was attributed to various reasons: two were
review articles, five were conference abstracts,
and one was a letter to the editor. Of the

remaining 25 articles, three lacked a control
group, five were published in languages other
than English, four examined tissues other than
serum or plasma, two involved cell cultures,
seven focused on metabolites other than amino
acids or did not provide amino acid
concentrations, and four were inaccessible.
Upon reviewing the references, three additional
articles were identified and included.
Consequently, a total of 12 studies meeting the
inclusion criteria were incorporated into the
meta-analysis. The study selection process is
illustrated in Figure 1.
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Fig 1: Flowchart of study selection for evaluating amino acid levels in breast cancer patients versus
control group

Characteristics of Studies and Participants

The characteristics of the 12 studies included in
this meta-analysis are summarized in Table 1.
A total of 516 individuals with breast cancer
and 1,333 control participants were analyzed.
The number of individuals across the studies

ranged from 6 to 976. The studies were
published between 1992 and 2023. Two studies
were conducted in China, two in Japan, and one
each in the United States, France, Spain, the
Netherlands, Sweden, Canada, Romania, and
Indonesia. All studies included females, except
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for one study that involved both males and
females. Various methods were utilized to
measure amino acid concentrations; three
studies employed amino acid analyzers, five

studies used  high-performance liquid
chromatography (HPLC), and four studies
utilized liquid chromatography coupled with
mass spectrometry.

18(3):52-84

Table 1: General characteristics of studies included in the meta-analysis

No.| First author, Year| Country . of Sample: size | Sample size | Biological Metabo!omics
disease| of patints | of control sample technique
1 Kubot A., 1992 USA I-11 22 6 Plasma Amino Acid
Analyzer
2 | Proenza AM.A,, Spain I-1v 16 18 Plasma HPLC
2003
3 | Minet-Quinard R., France 0-11 19 18 Plasma Amino Acid
2004 Analyzer
4 Vissers Y.L.J., Netherlands | I-1II 22 22 Plasma HPLC
2005
5 | Okamoto N., 2009 Japan 0-11I 61 51 Plasma HPLC-ESI-MS
6 Miyagi Y., 2011 Japan 0-111 196 976 Plasma HPLC-ESI-MS
7 Poschke I., 2013 Sweden - 41 9 Serum HPLC
8 Barnes T., 2014 Canada I-11 8 8 Plasma HPLC
9 GuY., 2015 China I-11T 28 137 Plasma Amino Acid
Analyzer
10| Wang X., 2018 China - 44 34 Serum UPLC-MS
11 | EniuD.T., 2018 Romania I-II1 30 26 Serum UHPLC-QTOF-
(ESI)-MS
12 | Panigoro S.S.,2023| Indonesia | II-IV 29 28 Plasma HPLC

Quality Assessment

To assess the methodological rigor of the
selected studies, NOS was utilized. The
evaluation of the 12 included studies revealed a
distribution of quality scores: one study
demonstrated high quality with a score of six
stars, eight studies were deemed to be of good

quality with five stars, two studies were
classified as having moderate quality with four
stars, and one study was identified as having
low quality with two stars (Table 2).

Table 2: Newcastle-Ottawa quality assessment for studies included in the meta-analysis
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11 Eniu D.T., 2018 * * - * ok - _ BT
12 Panigoro S.S., 2023 * * - * ) _ _  [ErwEx
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Meta-Analysis Results

In total, 12 studies involving 1,849 individuals
were analyzed in the present meta-analysis,
with the means and standard deviations of
various amino acids extracted. Table 3 presents
the significance, heterogeneity, and publication
bias for each amino acid. In the meta-analysis
of breast cancer, only two amino acids (serine
and tryptophan) demonstrated a significant
difference compared to the control group.

Serum/plasma  tryptophan  levels  were
considerably lower in breast cancer patients
than in the control group. In contrast, it was
discovered that this patient group had higher
serine levels. The forest plot for these two
amino acids with significant differences is
shown in Figure 2. The forest plot for 18 amino
acids is provided in the supplementary file
(Figure S1).
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Fig 2: Forest plot depicting the standardized mean differences for significantly altered amino acids
between the breast cancer patient and control groups. A) Serine and B) Tryptophan are presented.
Information regarding the meta-analysis factors, heterogeneity, and publication bias for these two amino
acids is summarized in Table 3.

Assessment of Publication Bias

As previously mentioned, publication bias was
also assessed, with symmetry evaluations
conducted using the Begg’s and Egger’s tests.
None of the amino acids exhibited significant
publication bias, except for aspartic acid. The

funnel plots for 20 amino acids are presented in
the supplementary file (Figure S2).
Additionally, Table 3 indicates the P-values
from the Begg’s and Egger’s tests for each
amino acid.
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Table 3: Standardized mean difference, heterogeneity, and publication bias observed across the 20 amino
acids utilized in the meta-analysis

No AA name Meta-analysis Heterogeneity Publication bias

P effect (random) | O statistic| I* % | 95% CI for I’ | Egger's test | Begg's test
1 Alanine 0.105 128.0059 [91.41%| 86.90-94.36 | P=0.7840 | P=0.3370
2 Arginine 0.614 199.4994 195.49%| 93.38-96.92 | P=10.6387 | P =0.4208
3 | Asparagine 0.205 58.2418 |86.26%| 75.90-92.17 | P=0.2830 | P=0.1444
4 | Aspartic acid 0.206 71.0788 192.97%| 87.40-96.07 | P=0.0102 | P=0.0146
5 Cysteine 0.339 59.4851 ]93.28%| 87.24-96.46 | P=0.0683 | P=0.6242
6 | Glutamic acid 0.246 157.9490 [94.94%| 92.29-96.67 | P=0.2637 | P=0.2109
7 Glutamine 0.883 126.4035 [92.88%| 88.95-95.41 | P=0.5981 | P=0.4208
8 Glycine 0.208 44.0775 [84.12%| 70.37-91.49 | P=0.6867 | P=0.6207
9 Histidine 0.955 84.1932 |89.31%| 82.46-93.48 | P=0.4000 | P=0.0892
10 | Isoleucine 0.724 64.9050 |84.59%| 74.06-90.85 | P=0.6790 | P=0.6971
11 Leucine 0.748 75.0337 |89.34%| 82.00-93.68 | P=0.9363 | P=0.6767
12 Lysine 0.737 53.5147 |83.18%| 70.51-90.41 | P=0.8759 | P=0.2449
13 | Methionine 0.250 105.4421 [92.41%| 87.80-9528 | P=0.3392 | P=0.2971
14 | Phenylalanine 0.125 122.2101 [92.64%| 88.52-95.28 | P=0.1730 | P=0.0892
15 Proline 0.470 116.6132 [94.00%| 90.37-96.26 | P=0.2514 | P=1.0000
16 Serine 0.022 53.7143 |81.38%| 67.78-89.24 | P=0.4098 | P=0.3115
17 | Threonine 0.059 220.2912 |95.91%| 94.08-97.18 | P=0.6380 | P=0.7884
18 | Tryptophan 0.005 21.8719 |81.71%| 57.67-92.10 | P=0.5170 | P=0.3272
19 Tyrosine 0.910 96.3431 [89.62%| 83.45-93.49 | P=0.4566 | P=0.3115
20 Valine 0.715 76.4482 |86.92%| 78.48-92.05 | P=10.6789 | P=10.6971

Discussion LY3300054, warrant further investigation in

18(3):52-84

Metabolomics is a crucial methodology for
identifying biological markers and metabolic
alterations in cancer patients (11, 12).
Numerous studies have explored the potential
of metabolomic profiling for the early diagnosis
of breast cancer (13, 14). However, to fully
evaluate the efficacy of this approach globally,
more data from diverse populations are needed.
This meta-analysis aims to identify specific
amino acids that may serve as effective
biomarkers for breast cancer diagnosis.

The reduction in tryptophan levels in this study
is attributed to its catabolism through the
kynurenine pathway, involving enzymes such
as indoleamine-2,3-dioxygenases  (IDOs).
Elevated expression of IDO1 has been
documented in various cancers, including
breast cancer, and correlates with tumor staging
and metastasis (15, 16). These tryptophan
metabolites associated with IDO1 play a role in

patients with advanced solid tumors (18).
Additionally, increased serum serine levels in
breast cancer patients have been associated
with an increased risk of the disease.
Phosphoglycerate dehydrogenase (PHGDH), a
key enzyme in serine biosynthesis, is
upregulated in tumor tissues and correlates with
TNM staging, indicating its potential role in
tumorigenesis (19, 20). Research suggests that
nuclear factor erythroid 2-related factor 2 may
regulate PHGDH, offering a therapeutic target
across various cancers (21). While this study
offers valuable insights, limitations include
small sample sizes in some contributing studies
and methodological variations (e.g., amino acid
analyzer vs. LC-MS), which could introduce
heterogeneity. Therefore, further investigation
into amino acid level alterations through
rigorously designed studies is warranted.

breast cancer progression, suggesting that Conclusion
modulation of tryptophan metabolism may be a The results of this study demonstrated
promising diagnostic and management strategy significant  alterations in  serum/plasma

(16, 17). The investigational compound
LY3381916, a potent IDO1 inhibitor, has
demonstrated a favorable safety and tolerability
profile. Its pharmacokinetic and
pharmacodynamic properties, along with the
observed antitumor activity when combined
with the programmed death-ligand 1 inhibitor

tryptophan and serine levels in patients with
breast cancer. Future research should prioritize
longitudinal studies to validate tryptophan and
serine as biomarkers in breast cancer patients.
This validation would benefit from employing
targeted metabolomics alongside multi-omics
approaches to provide comprehensive insights.
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Duplicate records
(n=269)

Records excluded (not relevant tifle, sbstract or

v or non-article documents)
(n=623)

Reports excluded (n = 33):
Beview articles (n=1)
Letter to aditor and conferences (n=8)
Mon-English language (n=3)
No control group (n=3)
Other tissues except blood (m=4)
Cell cultare (n=2)
No access to amino acid concentrations (n=T)
No access to fill text of articles (n=4)

evaluation of the articles' references (n=13)

é Records identified from databases (n =934)
[ PubMed (n=224)
- Scopus (n=3543)
5 Embase (n=167)
- I —
R ¥
Title or abstracts of articles assessed
inclusion
(n=865)
i
&
Reports assessad for eligibility
(n=42)
— v
Total smdies included in the meta-analysis
m=9)
=
% . -
h
Total studies included in the mets-analysis
(n=12)
)

Fig 1: Flowchart of study selection for evaluating amino acid levels in breast cancer patients versus control

group
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Table 1: General characteristics of studies included in the meta-analysis

No.| First author, Year| Country . of Sample‘ size | Sample size | Biological Metabo?omics
disease| of patints | of control sample technique
1 Kubot A., 1992 USA I-11 22 6 Plasma Amino Acid
Analyzer
2 | Proenza AM.A,, Spain I-1v 16 18 Plasma HPLC
2003
3 | Minet-Quinard R., France 0-11 19 18 Plasma Amino Acid
2004 Analyzer
4 Vissers Y.L.J., Netherlands | I-11I 22 22 Plasma HPLC
2005
5 | Okamoto N., 2009 Japan 0-11I 61 51 Plasma HPLC-ESI-MS
6 | MiyagiY., 2011 Japan 0-111 196 976 Plasma HPLC-ESI-MS
7 Poschke 1., 2013 Sweden - 41 9 Serum HPLC
8 Barnes T., 2014 Canada I-11 8 8 Plasma HPLC
9 GuY., 2015 China I-1I1 28 137 Plasma Amino Acid
Analyzer
10| Wang X., 2018 China - 44 34 Serum UPLC-MS
11| EniuD.T. 2018 Romania I-10 30 26 Serum UHPLC-QTOF-
(ESI)-MS
12 | Panigoro S.S.,2023| Indonesia | II-IV 29 28 Plasma HPLC
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! High-performance liquid chromatography
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Table 2: Newcastle-Ottawa quality assessment for studies included in the meta-analysis

Comparabilit ualit
Selection (up to four stars) P y Exposure Q y
(up to two stars) score
k4 - L L w S - = 2 ]
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Reference SEEs5|5¢|ee| 2825 |EZE£E8S|E I
2 EEEL2EEEE S=2&y |E8 £ ET 2 §
SEg 3|28 S|E S s £2 ° s & =58 g
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[~ © 33T < MR-
1 Kubot A., 1992 _ * - * - - _ ok
2 Proenza A.M.A., « x ~ o ~ ~ N
2003
3 | Minet-Quinard R., " " ~ - ~ ~ | s
2004
4 |Vissers Y.L.J., 2005 * * _ Kk _ _ [ s
5 | Okamoto N., 2009 * * _ o _ _ N s
6 Miyagi Y., 2011 * * * ok - - N T
7 Poschke I., 2013 * * _ Kk _ _ _ sk o
8 Barnes T., 2014 - * * sk - - C | e
9 GuY. 2015 * * * * - - C | e
10 | Wang X., 2018 * * - ok - - T
11 Eniu D.T., 2018 * * - H _ - | ek
12 | Panigoro S.S., 2023 * * - ok - - I
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Table 3: Standardized mean difference, heterogeneity, and publication bias observed across the 20 amino

acids utilized in the meta-analysis

No AA name Meta-analysis Heterogeneity Publication bias

) P effect (random) | O statistic| I* % | 95% CI for 1> | Egger's test | Begg's test
1 Alanine 0.105 128.0059 |91.41%| 86.90-94.36 | P=0.7840 | P=10.3370
2 Arginine 0.614 199.4994 195.49%| 93.38-96.92 | P=0.6387 | P =10.4208
3 Asparagine 0.205 58.2418 |86.26%| 75.90-92.17 | P=0.2830 | P=0.1444
4 | Aspartic acid 0.206 71.0788 192.97%| 87.40-96.07 | P=0.0102 | P=0.0146
5 Cysteine 0.339 59.4851 |93.28%| 87.24-96.46 | P=0.0683 | P=0.6242
6 | Glutamic acid 0.246 157.9490 [94.94%| 92.29-96.67 | P=0.2637 | P=0.2109
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No AA name Meta-analysis Heterogeneity Publication bias
) P effect (random) | O statistic| I* % | 95% CI for 1> | Egger's test | Begg's test
7 Glutamine 0.883 126.4035 [92.88% | 88.95-95.41 P=0.5981 | P=10.4208
8 Glycine 0.208 44.0775 |84.12%| 70.37-91.49 P=0.6867 | P=0.6207
9 Histidine 0.955 84.1932 [89.31%| 82.46-93.48 P=0.4000 | P=0.0892
10 Isoleucine 0.724 64.9050 [84.59%| 74.06-90.85 P=0.6790 | P=0.6971
11 Leucine 0.748 75.0337 [89.34%| 82.00-93.68 P=0.9363 | P=0.6767
12 Lysine 0.737 53.5147 |83.18%| 70.51-90.41 P=0.8759 | P=0.2449
13 | Methionine 0.250 105.4421 [92.41%| 87.80-95.28 P=0.3392 | P=0.2971
14 | Phenylalanine 0.125 122.2101 [92.64%| 88.52-95.28 P=0.1730 | P=0.0892
15 Proline 0.470 116.6132 [94.00%| 90.37-96.26 P=0.2514 | P=1.0000
16 Serine 0.022 53.7143 |81.38%| 67.78-89.24 P=0.4098 | P=0.3115
17 Threonine 0.059 220.2912 [9591%| 94.08-97.18 P=0.6380 | P=0.7884
18 | Tryptophan 0.005 21.8719 [81.71%| 57.67-92.10 P=0.5170 | P=0.3272
19 Tyrosine 0.910 96.3431 [89.62%| 83.45-93.49 P=0.4566 | P=0.3115
20 Valine 0.715 76.4482 186.92%| 78.48-92.05 P=0.6789 | P=0.6971
Proenza A.M.A., 2003 - —_—
Minet-Quinard R., 2004 |- ——
Vissers Y.L.J., 2005 - —i—
Okamoto N., 2009 - -
Miyagi Y., 2011 = [ |
Poschke |, 2013 = —a—
Barnes T., 2014 -
GuY., 2015 - ——
Wang X., 2018 - ——
EniuD.T., 2018 — —i—
Panigoro S.S., 2023 = —l—
Total (fixed effects) = *
Total (random effects) - -
| ! 1 L 1 L 1 | L 1 |
-2 -1 0 1 2 3 4
Standardized
Mean Difference
(lh (A)
Vissers Y.L.J., 2005 - —_—
Okamoto N., 2009 = —i—
Miyagi Y., 2011 | i
Wang X., 2018 - ——
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Fig 2: Forest plot depicting the standardized mean differences for significantly altered amino acids between
the breast cancer patient and control groups. A) Serine and B) Tryptophan are presented. Information
regarding the meta-analysis factors, heterogeneity, and publication bias for these two amino acids is
summarized in Table 3.
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4 Phosphoglycerate dehydrogenase
5 Nuclear factor erythroid 2-related factor 2
¢ Non-Small Cell Lung Cancer
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Fig S1. Forest plot of 18 amino acids in breast cancer compared to controls. Information regarding the
standardized mean difference and heterogeneity of these 18 amino acids is summarized in Table 3.
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Fig S2. Funnel plot of 20 amino acids in breast cancer compared to controls. Information regarding
publication bias (p-value of Egger's and Begg's tests) for these 20 amino acids is summarized in Table 3.
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