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Abstract

ACKGROUND: Amino acids are
for proliferation and maintenance of tumor

important

cells. Breast cancer patients were found to have
significant changes in the number of amino acids, which
are assumed to be correlated with the molecular subtypes
of breast cancer. Therefore, current study was conducted to
analyze plasma amino acids in breast cancer patients with
luminal A and B subtypes.

METHODS: Breast cancer and control subjects were
recruited, and venous blood was collected for the
measurement of plasma amino acids. Total 19 plasma amino
acids were measured using reverse-phase high-performance
liquid chromatography with C18 column. Mean comparison
for normally distributed and homogeneous data was further
analzyed using independent sample T-test, with p<0.05 was
considered as significant.

RESULTS: From total 19 amino acids, only 7 amino acids;
cysteine, glutamic acid, histidine, ornithine, threonine,
tyrosine, valine, were statistically different between the
healthy control and breast cancer subjects. Eventhough no
amino acids was found to be statistically different between
breast cancer subjects with luminal A and B subtypes, but
some amino acids were found to be significantly different
when correlated to various breast cancer risk factors.

CONCLUSION: Amino acid profile of patients with
Luminal A and B subtypes of breast cancer differs compared
to healthy controls and is also correlated with breast cancer
risk factors. Increase in cysteine level in Luminal A subtype
patients and decrease of alanine and leucine in Luminal B
subtype patients can be used as a biomarker.

KEYWORDS: amino acid, plasma, breast cancer, risk
factor, biomarker

Indones Biomed J. 2023; 15(3): 269-76

Introduction

Breast cancer is the most common type of cancer in
women.(1-3) Based on data of the International Agency for
Research on Cancer, breast cancer was ranked as the second
highest incidence cancer in the world. Breast cancer was the
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leading cause of cancer death among women.(4,5) Around
2.3 million cases were recorded, representing the fifth cause
of cancer-related mortality. Breast cancer cases in Asia
were higher than those in any other continent, especially
in the South East Asian region.(6) By 2020, breast cancer
continued as the most common cancer in women (30.8%)
and the leading cause of death in Indonesia (15.3%).(7,8)

Copyright © 2023 The Prodia Education and Research Institute. i
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Development of breast cancer is influenced by several
risk factors such as age, genetic and family history, BRCA
mutation, first menstrual history, low parity, hormone usage
history and hormone replacement therapy. The incidence of
breast cancer also increases in the group of women aged >40
years.(8) Obesity has been reported to be associated with
the development of breast cancer as well. Aromatization of
adrenal androgen into estrogen at adipose tissue affected the
development of breast cancer.(9,10)

Amino acids, essential nutrients in all living cells, are
important for the proliferation and maintenance of tumor
cells. Since tumor cells proliferate more rapidly, they need
more amount of amino acids than the normal cells.(11)
Interestingly, breast cancer cells limit the use of amino
acids for cell proliferation based on amino acid availability,
which depends on estrogenic receptor status.(12) Compared
to the control group, breast cancer patients were found to
have significant changes in the number of amino acids.
An increase in the branched-chain group of essential and
non-essential amino acids was reported, namely leucine,
phenylalanine, aspartic acid, taurine, and lysine, among
others.(10,13)

Tumor-dependent increase of serum amino acid levels
has been reported to be correlated with molecular subtypes
of breast cancer.(14) Therefore it is crucial to investigate
further the amino acid in order to find potential biomarker
for breast cancer. Current study was conducted to analyze
plasma amino acids of breast cancer patients with luminal A
and B subtypes.

Methods

Study Design and Subject Recruitment

Patients of Dr. Cipto Mangunkusumo National Central
General Hospital in January to March 2020, aged
>18-year-old with complete medical, histopathological
and immunohistochemical results for breast cancer were
recruited. All study subjects read, comprehended, and signed
the written informed consents. This research protocol was
approved by the Ethical Committee of Faculty of Medicine,
Universitas Indonesia (#20-08-0877).

Amino Acid Profiling

For examination of amino acid, subjects fasted for at least
8 hours and then 2.5 mL of venous blood was collected and
processed to obtain plasma. For the measurement of amino
acids (alanine, arginine, aspartic acid, citrulline, cysteine,
glutamic acid, glycine, histidine, isoleucine, leucine, lysine,

Indones Biomed J. 2023; 15(3): 269-76

methionine, ornithine, phenylalanine, proline, serine,
threonine, tyrosine and valine), the plasma was separated
and analyzed using reverse-phase high-performance liquid
chromatography (HPLC) (Waters 2695, Framingham, MA,
USA) with C18 column. The solvent were 0.1M ammonium
acetate pH 6.8 in acetonitrile, methanol, and water in

composition of 44:10:46, respectively.(13,15)

Statistical Analysis

Data analysis was performed with SPSS version 25.0
(IBM Corporation, Armonk, New York, USA). Normality
test was performed by using Shapiro-Wilk test. Normally
distributed and homogeneous data were further analyzed for
mean comparison with independent sample T-test. A p<0.05
was considered as significant.

Results

Subject Characteristics

Twenty-eight breast cancer and 29 healthy women
were included in this study. Breast cancer subjects were
characterized by breast cancer subtype, breast cancer stage,
age, age of menarche, parity and family cancer history
(Table 1). Most breast cancer subjects were having luminal
A and B subtypes, T2 and T3 stages, age of >40 years, age
of menarche of >12 years, multiparity and no family cancer
history. Meanwhile, most healthy control subjects were
having age of >40 years, age of menarche of >12 years,
multiparity and no family cancer history as well.

Amino Acid Profiles of Healthy Control and Breast
Cancer Subjects
Amino acid profile distribution of 28 healthy control
subjects was normal and homogeneous for 13 amino
acids (alanine, arginine, cysteine, glutamic acid, glycine,
histidine, isoleucine, leucine, ornithine, phenylalanine,
serine, threonine, tyrosine, valine) (Table 2). Based on
these 13 amino acids of healthy control subjects, the amino
acid profile distribution of 29 breast cancer subjects was
further analyzed. Twelve amino acids were found normally
distributed and homogeneous (alanine, arginine, cysteine,
glutamic acid, histidine, isoleucine, leucine, ornithine,
serine, threonine, tyrosine, valine) (Table 3).

Among the normally distributed and homogeneous
12 amino acids of breast cancer subjects, 7 amino acids
(cysteine, glutamic acid, histidine, ornithine, threonine,
tyrosine, valine) were found to be statistically different
between the healthy control and breast cancer subjects
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Table 1. Characteristics of breast cancer and control subjects.

Breast Cancer (n=29)

Characteristics LMD et e T e RS AOEERD RS
Subtype (n=10) (=13) Subtype (n=28)
(n=4) (n=2)
Breast Cancer Stage
T2 3 (75%) 4 (40%) 4 (30.8%) 2 (100%)
T3 1(25%) 5 (50%) 7 (53.8%) 0 (0%)
T4 0 (0%) 1 (10%) 2 (15.4%) 0 (0%)
Age (year)
<40 0 (0%) 1 (10%) 3(23.1%) 0 (0%) 11 (39.3%)
240 4 (100%) 9 (90%) 10 (76.9%) 2 (100%) 17 (60.7%)
Age of Menarche (year)
<12 1(25%) 0 (0%) 2 (15.4%) 0 (0%) 8 (28.6%)
212 3(75%) 10 (100%) 11 (84.6%) 2 (100%) 20 (71.4%)
Parity
0-1 parity 1 (25%) 4 (40%) 1(7.7%) 0 (0%) 10 (35.7%)
Multiparity 3(75%) 6 (60%) 12 (92.3%) 2 (100%) 18 (64.3%)
Family Cancer History
No 4 (100%) 8 (80%) 11 (84.6%) 0 (0%) 18 (64.3%)
Yes 0 (0%) 2 (20%) 2 (15.4%) 2 (100%) 10 (35.7%)

(Figure 1). However, these 7 amino acids were not
statistically different between breast cancer subjects with
luminal A and B subtypes (Figure 2). When the 7-amino-
acids data of breast cancer subjects with luminal A and B

subtypes were correlated with cancer stage, the glutamic
acid was found to be statistically different between T2 and
T3 of breast cancer subjects with luminal B subtype
(Figure 3).

Table 2. Distribution and normality test of control subjects (n=28).

p-value

No. Amino Acid Distribution (Range) ) meantSD
Normality Test

1 Alanine 298-841 0.459* 507.79+130.91
2 Arginine 88-206 0.756* 144.14+30.18
3 Aspartic Acid 2-46 0.017 -

4 Citrulline 11-86 0.002 -

5  Cysteine 20-74 0.064* 43.43+14.98
6  Glutamic Acid 53-140 0.471* 85.93+£21.22
7  Glycine 151-527 0.173* 292.43+83.497
8  Histidine 66-152 0.862* 105.89+20.91
9  Isoleucine 42-145 0.659* 89.54+23.50
10 Leucine 96-262 0.179* 156.54+36.91
11 Lysine 136-356 0.013 -

12 Methionine 17-206 0.000 -

13 Ornithine 57-220 0.449* 125.50+37.40
14 Phenylalanine 58-128 0.031 -

15  Proline 77-657 0.001 -

16  Serine 59-151 0.736* 103.68+24.64
17  Threonine 88-270 0.601* 162.61+48.60
18  Tyrosine 49-133 0.066* 75.89+19.02
19 Valine 198-399 0.713* 290.79+49.02

*Normality test with Saphiro-Wilk. Data is distributed normally if p>0.05.
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Table 3. Distribution and normality test of breast cancer subjects (n=29).

No.  Amino Acid Distribution (Range) p-value mean=SD
Normality Test
1 Alanine 154-665 0.825%* 444 .55+115.55
2 Arginine 91-211 0.524%* 142.66+27.40
3 Cysteine 20-113 0.387* 58.62+18.53
4 Glutamic Acid 49-101 0.157* 73.69+15.72
5  Glycine 162-623 0.001 -
6  Histidine 41-115 0.972* 79.86+17.56
7 Isoleucine 50-136 0.158* 86.24+22.75
8  Leucine 75-222 0.455% 137.72+£37.05
9 Ornithine 33-133 0.897* 85.14+25.09
10  Serine 64-132 0.159* 96.76+20.08
11 Threonine 71-197 0.530%* 133.72+32.68
12 Tyrosine 23-96 0.184* 59.03+16.26
13 Valine 149-326 0.461%* 229.24+49.10

*Normality test with Saphiro-Wilk. Data is distributed normally if p>0.05.

Amino Acid Profiles of Breast Cancer Subjects with
Cancer Risk Factors

When correlated with age, the ornithine was found
statistically different between age of <40 and >40 years of
breast cancer subjects with luminal B subtype (Figure 4A).
When correlated with age of menarche, the glutamic acid
was found statistically different between age of menarche
of <12 and >12 years of breast cancer subjects with luminal
B subtype (Figure 4B). When correlated with parity, the

glutamic acid, histidine and valine were found statistically
different between 0-1 parity and multiparity of breast
cancer subjects with luminal A subtype (Figure 4C). When
correlated with family cancer history, the glutamic acid was
found statistically different between breast-cancer-luminal-
A-subtype subjects with and without family cancer history
(Figure 5A). In addition, valine was found statistically
different between breast-cancer-luminal-B-subtype subjects
with and without family cancer history (Figure 5B).

700
p=0.058 Bl Breast Cancer
I:l Healthy Control
600
500 M
9
]
E
400
E p=0.000*
E
§ 300
=
=
© 0.012*
- p=0.
200 p=0.846 p=0.060
p=0.000*
=0.000* p=0.249
p=0016* 7 p=0.593 oo0r
= * .
100 p=0.001 ' m
Alanine  Arginine  Cysteine  Glutamic  Histidine Isoleucine  Leucine  Ornithine Serine  Threonine  Tyrosine Valine
Acid
Amino Acid

Figure 1. Mean comparison of 12 amino acids between breast cancer (n=29) and control (n=28) subjects. *Mean comparison test with

Independent T-test. Data is considered significant if p<0.05.
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350 "] Luminal A
300 p=0.256 Luminal B
=2 250
S
g
=200
= p=0.762
K]
£ 150 _ . .
g _ p=0.780 Figure 2. Mean comparison of
g 8 —0.283 p=0.112 8
E 100| P=0723 P p=0247 7 amino acid between Luminal
A (n=10) and Luminal B (n=13)
50 subjects. *Mean comparison test
0 with Independent T-test. Data is
Cysteine  Glutamic Acid  Histidine Ornithine Threonine Tyrosine Valine considered significant if p<0.05.
Amino Acid
significant difference between subjects with breast cancer
Discussion

Amino acids are essential nutrients in all living cells
and are important for the proliferation and maintenance of
tumor cells.(11) Oncogenesis depends on amino acids,
the building blocks for protein synthesis, as well as energy
sources and metabolites. Due to their accelerated growth,
cancer cells will also require a greater quantity of amino
acids than normal cells.(11,16) There was a statistically

and healthy controls in terms of the amino acid cystine
(p=0.001).

Cystine is an amino acid derived from homocysteine
that plays a role in nucleotide methylation and DNA
synthesis. As an inhibitor of the methyltransferase
enzyme, plasma concentrations of cystine rise during folic
acid deficiency. This renders ineffective processes of
DNA methylation and regulation of gene expression,
which contribute to oncogenesis at the genetic level and

A 300 =0.930 ™
250 LR
g
g 200
3 p=0.304
= p=0.379
£ 150 [
fo] - =
£ 100 p0244 p=0.778 p=0.976
E p=0.757
=
© 50| ok l '
0
Cysteine  Glutamic Acid ~ Histidine Ornithine Threonine Tyrosine Valine
Amino Acid
B 350
T2
p=0.950
300 L RS
3 250
s Figure 3. Mean comparison of
:1 200 p=0.744 7 amino acid between T2 and
~§ T3 cancer stage. A: T2 cancer
bl —
£ 150 Cosio p=0.158 stage (1.1—4) vs..T3 cancer stage
g ool proses =0.047* e $=0.200 (n=5) in Luminal A subjects.
o I I I B: T2 cancer stage (n=4) vs. T3
50 [ I cancer stage (n=7) in Luminal B
subjects. *Mean comparison test
0 with Independent T-test. Data is
Cysteine  Glutamic Acid ~ Histidine Ornithine Threonine Tyrosine Valine considered Signiﬁcant if P<0-05-
Amino Acid

273



DOI: 10.18585/inabj.v15i3.2109

Amino Acid Profile of Luminal A and B Subtypes Breast Cancer (Panigoro SSP, et al.)

Indones Biomed J. 2023; 15(3): 269-76

A
330 . <40 years old
= >
300 »=0.200 >40 years old
= 250
°
E
3
T 200
5 p=0.846
£ 150
5 p=0. 013*
S 10| p0s2 P08 70 377 p=0.128
. ' I ' . 1
0
Cysteine Glutamic Acid  Histidine  Ornithine Threonine Tyrosine Valine
Amino Acid
B
350 B <12 years old
=0.221 >12 years old
300 ’ Y
= 250
=l
g
2 200 p=0.786
£
g
g 10 0.766
g - p=0. 191
*
S 100| p0718 P 0029 p=0.176
50 [ - l
0
Cysteine Glutamlc Acid  Histidine  Ornithine Threonine Tyrosine Valine
Amino Acid
C 300 p=0.016*
I 0-1 parity
250 Multiparity
)
g 200 p=0.942
<
E 150 p=0.058
g
< - * p=0. 044*
§ 100 p=0. 011
g p=0. 786 p=0.363
]
50 I I
0
Cysteine Glutamic Acid  Histidine  Ornithine Threonine Tyrosine Valine
Amino Acid

Figure 4. Mean comparison of 7 amino acid based on various risk factors (age, age of menarche, and parity). A: Based on age <40
years old (n=3) vs. age >40 years old (n=10) in Luminal B subjects. B: Based on age of menarche <12 years old (n=2) vs. age of menarche
>12 years old (n=11) in Luminal B subjects. C: Based on 0-1 parity (n=4) vs. multiparity (n=6) in Luminal A subjects. *Mean comparison

test with Independent T-test. Data is considered significant if p<0.05.

initiate cancer.(17) Increased cystine proteinases such as
cathepsin B and L activities have been observed as well in
a variety of human and animal malignant tumors, which
may be due to changes in their expression, activation and
processing, intracellular trafficking, as well as declining

regulation of these proteinases due to decreased expression
and activity of their endogenous inhibitors.(18)

Through the production of alpha-ketoglutarate,
alanine plays a role in the formation of extracellular
matrix in metastatic breast cancer.(19) The breast cancer
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Figure 5. Mean comparison of 7 amino acid between subjects with and without family Ca history. A: Family Ca history in Luminal
A subjects (No=8; Yes=2). B: Family Ca history in Luminal B subjects (No=11; Yes=2). *Mean comparison test with Independent T-test.

Data is considered significant if p<0.05.

proliferative pathway inhibits the enzyme GPT2 (alanine
transaminotransferase-2) alanine from

glutamate and pyruvate.(20) This is associated with a

that produces

decrease in the average amount of alanine in breast cancer
subject compared to healthy controls.

Significantly decreased in breast cancer subjects than
the healthy control was found in this study. The lower level
of leucine level might be due to highly expressed of leucine
aminopeptidase 3 (LAP3) in breast cancer tissues. LAP3
is an exopeptidase that catalyzes the hydrolysis of leucine
residues at the amino terminus of a protein or peptide
substrate.(21,22) LAP3 is also implicated in breast tumor
cell proliferation, migration, invasion, and angiogenesis.
It enhances breast cancer cell motility and invasion by
activating many signaling pathways.(22)

The amino acid profile is not only associated with
breast cancer incidence, but also with breast cancer risk
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factors.(23) The multiparities risk factor was significant
for the increasing of glutamic acid and histidine levels in
breast cancer subject with luminal B. The age risk factor
was significant for the increasing of ornithine level in breast
cancer subject with luminal B. As for the age of menarche,
glutamic acid level was significant increased in breast
cancer subject with luminal B.

In this current study, we found that breast cancer
subjects with luminal A and B did not show significant
difference for several amino acids. This study lacks of
research samples from each research subject, so further
research is needed to be conducted with a larger
sample size to obtain a clear significance between
the amino acid profile of breast cancer and its risk factors.
Further research at the cellular level is also necessary
to determine specifically the changes in amino acid profiles
due to cancer.
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Conclusion

The amino acid profile of patients with Luminal A and
B subtypes of breast cancer differs compared to healthy
controls and is also correlated with breast cancer risk
factors. An increase in cysteine level in Luminal A subtype
patients and the decrease of alanine and leucine in Luminal
B subtype patients can be used as a biomarker.
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Abstract

ACKGROUND: Amino acids are  important
for proliferation and maintenance of ~tumor

Breast cancer patients were found to have

significant changes in the number of amino acids, which
are assumed to be correlated with the molecular subtypes
of breast cancer. Therefore, current study was conducted to
analyze plasma amino acids in breast cancer patients with

luminal A and B subtypes.

METHODS: Breast cancer and control subjects were
recruited, and venous blood was collected for the
measurement of plasma amino acids. Total 19 plasi
acids were measured using reverse-phase high-performance
liquid chromatography with C 18 column. Mean comparison

for normally distributed and homogencous data was further
analzyed using independent sample T-test, with p<0.05 was
considered as significant.

RESULTS: From total 19 amino acids, only 7 amino acids;
cysteine, glutamic acid, histidine, omithine, threonine,
tyrosine, valine, were ly different between the
healthy control and breast cancer subjects. Eventhough no
amino acids was found to be statistically different between
breast cancer subjects with luminal A and B subtypes, but

some amino acids were found to be significantly different

when correlated to various breast cancer risk factors.
CONCLUSION: Amino acid profile of patients with
Luminal A and B subtypes of breast cancer differs compared
to healthy controls and is also correlated with breast cancer
risk factors. Ing
patients and decrease of alani
subtype patients can be used as a biomarker.

in cysteine level in Luminal A subtype

and leucine in Luminal B

KEYWORDS: amino acid, plasma, breast cancer, risk
factor, biomarker
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Introduction

Breast cancer is the most common type of cancer in
women.(1-3) Based on data of the International Agency for

Research on C: incer was ranked as the second

highest incides

the world. Breast cancer was the

leading cause of cancer death among women.(4.5) Around
2.3 million cases were recorded, representing the fifth cause:
of cancer-related mortality. Breast cancer cases in Asia
er than those in any other continent, especially

cer

th East Asian region.(6) By 2020, breast

the most common cancer in women (30.8%)
-ause of death in Indonesia (15.3%).(7.8)
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Abstract

ACKGROUND: Amino acids
for proliferation and maintenance of tumor

are important

cells. Breast cancer patients were found to have
significant changes in the number of amino acids, which
are assumed to be correlated with the molecular subtypes
of breast cancer; Therefore, current study was conducted to
analyze plasma amino acids in breast cancer patients with
luminal A and B subtypes.

METHODS: Breast cancer and control subjects were
recruited, and venous blood was collected for the
measurement of plasma amino acids. Total 19 plasma amino
acids were measured using reverse-phase high-performance
liquid chromatography with C 18 column, Mean comparison
for normally distributed and homogeneous data was further
analzyed using independent sample T-test, with p=<0.05 was

considered as significant.

RESULTS: From total 19 amino acids, only 7 amino acids;
cysteine, glutamic acid. histidine. ornithine, threonine,
tyrosine, valine, were statistically different between the
healthy control and breast cancer subjects. Eventhough no
amino acids was found to be statistically different between
breast cancer subjects with luminal A and B subtypes, but
some amino acids were found to be significantly different

when correlated to various breast cancer risk factors.

CONCLUSION: Amino acid profile of patients with
Luminal A and B subtypes of breast cancer differs compared
to healthy controls and is also correlated with breast cancer
risk factors. Increase in cysteine level in Luminal A subtype
patients and decrease of alanine and leucine in Luminal B

subtype patients can be used as a biomarker.

KEYWORDS: amino acid, plasma, breast cancer, risk

factor, biomarker
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Introduction

Breast cancer is the most common type of cancer in
women.(1-3) Based on data of the International Agency for
Research on Cancer, breast cancer was ranked as the second

highest incidence cancer in the world. Breast cancer was the
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lgading cause of cancer death among women.(4,5) Around
2.3 million cases were recorded, representing the fifth cause
of cancer-related mortality. Breast cancer cases in Asia
were higher than those in any other continent, especially
in the South East Asian region.(6) By 2020, breast cancer
continued as the most common cancer in women (30.8%)
and the leading cause of death in Indonesia (15.3%).(7.8)

Copyright © 2023 The Prodia Education and Rescarch Institute.
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Development of breast cancer is influenced by several
risk factors such as age, genetic and family history, BRCA
mutation, first menstrual history, low parity, hormone usage
history and hormone replacement therapy. The incidence of
breast cancer also increases in the group of women aged =40
years.(8) Obesity has been reported to be associated with
the development of breast cancer as well. Aromatization of
adrenal androgen into estrogen at adipose tissue affected the
development of breast cancer.(9,10)

Amino acids, essential nutrients in all living cells. are
important for the proliferation and maintenance of tumor
cells. Since tumor cells proliferate more rapidly, they need
more amount of amino acids than the normal cells.(11)
Interestingly, breast cancer cells limit the use of amino
acids for cell proliferation based on amino acid availability,
which depends on estrogenic receptor status.(12) Compared
to the control group, breast cancer patients were found to
have significant changes in the number of amino acids.
An increase in the branched-chain group of essential and
non-essential amino acids was reported, namely leucine,
phenylalanine, aspartic acid, taurine, and lysine, among
others.(10.13)

Tumor-dependent increase of serum amino acid levels
has been reported to be correlated with molecular subtypes
of breast cancer.(14) Therefore it is crucial to investigate
further the amino acid in order to find potential biomarker
for breast cancer. Current study was conducted to analyze
plasma amino acids of breast cancer patients with luminal A
and B subtypes.

Methods

Study Design and Subject Recruitment

Patients of Dr. Cipto Mangunkusumo National Central
General Hospital in January to March 2020, aged
>18-year-old with complete medical, histopathological
and immunochistochemical results for breast cancer were
recruited. All study subjects read, comprehended, and signed
the written informed consents. This research protocol was
approved by the Ethical Committee of Faculty of Medicine,

Universitas Indonesia (#20-08-0877).

Amino Acid Profiling

For examination of amino acid, subjects fasted for at least
8 hours and then 2.5 mL of venous blood was collected and
processed to obtain plasma. For the measurement of amino
acids (alanine, arginine, aspartic acid, citrulline, cysteine,
glutamic acid, glycine, histidine, isoleucine, leucine, lysine,

Indones Biomed |. 2023; 15(3): 269-76

methionine, orithine, phenylalanine, proline, serine,
threonine, tyrosine and valine), the plasma was separated
and analyzed using reverse-phase high-performance liquid
chromatography (HPLC) (Waters 2695, Framingham, MA,
USA) with C18 column. The solvent were (. IM ammonium
acetate pH 6.8 in acetonitrile, methanol, and water in

composition of 44:10:46, respectively.(13,15)

Statistical Analysis

Data analysis was performed with SPSS version 25.0
(IBM Corporation, Armonk, New York, USA). Normality
test was performed by using Shapiro-Wilk test. Normally
distributed and homogeneous data were further analyzed for
mean comparison with independent sample T-test, A p<0.05
was considered as significant.

Results

Subject Characteristics

Twenty-eight breast cancer and 29 healthy women
were included in this study. Breast cancer subjects were
characterized by breast cancer subtype, breast cancer stage,
age, age of menarche, parity and family cancer history
(Table 1). Most breast cancer subjects were having luminal
A and B subtypes, T2 and T3 stages, age of =40 years, age
of menarche of =12 years, multiparity and no family cancer
history. Meanwhile, most healthy control subjects were
having age of >40 years, age of menarche of =12 years,
multiparity and no family cancer history as well.

Amino Acid Profiles of Healthy Control and Breast
Cancer Subjects
Amino acid profile distribution of 28 healthy control
subjects was normal and homogeneous for 13 amino
acids (alanine, arginine, cysteine. glutamic acid. glycine,
histidine, isoleucine, leucine, ornithine, phenylalanine.
serine, threonine, tyrosine, valine) (Table 2). Based on
these 13 amino acids of healthy control subjects, the amino
acid profile distribution of 29 breast cancer subjects was
further analyzed. Twelve amino acids were found normally
distributed and homogeneous (alanine, arginine, cysteine,
glutamic acid. histidine, isoleucine, leucine, ornithine,
serine, threonine, tyrosine, valine) (Table 3).

Among the normally distributed and homogeneous
12 amino acids of breast cancer subjects, 7 amino acids
(cysteine, glutamic acid, histidine, ornithine, threonine,
tyrosine, valine) were found to be statistically different
between the healthy control and breast cancer subjects
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Table 1. Characteristics of breast cancer and control subjects.

Breast Cancer (n=29)
Characte ristics HE:E;::;”"“ Lumin:l; : Eluhw oo :::] ; wbivre Trll:z;g;lg:tlve Healt{hn);;_;)mmls
(n=4) (n=2)
Breast Cancer Stage
T2 3(75%) 4 (40%) 4 (30.8%) 2 {100%)
T3 1 (25%) 5(50%) T(53.8%) 0(0%)
T4 00%) 1(10%%) 2(15.4%) O {0%)
Age (year)
<40 0(0%) 1 (10%) 3(23.1%) 0(0%) 11 (39.3%)
=40 4 (100%) 9 (90%) 10 (76.9%) 2 (100%) 17 (60.7%)
Age of Menarche (year)
<12 L(25%) 0(0%) 2 (15.4%) 0(0%) 8 (28.6%)
=12 3(75%) 10/ (100%) 11 (84.6%) 2 (100%) 20 (71.4%)
Parity
0-1 parity 1(25%) 4 (40%) 1 (7.7%) 0 (0%) 10/(35.7%)
Multiparity 3(75%) 6 (60%) 12(92.3%) 2 (100%) 18 (64.3%)
Family Cancer History
No 4 (100%) 8 (80%) 11 (84.6%) 0 (0%) 18 (64.3%)
Yes 0(0%) 2{20%) 2(15.4%) 2(100%) 10 (35.7%)
(Figure 1). However, these 7 amino acids were not subtypes were correlated with cancer stage, the glutamic
statistically different between breast cancer subjects with acid was found to be statistically different between T2 and
luminal A and B subtypes (Figure 2). When the 7-amino- T3 of breast cancer subjects with luminal B subtype
acids data of breast cancer subjects with luminal A and B (Figure 3).
Table 2. Distribution and normality test of control subjects (n=28).
No.  Amino Acid Distribution (Range) Nm‘;:’;,:y“’frm meanSD
1 Alanine 298-841 0.459* 507.79+130.91
2 Arginine BR-206 0.756* 1441423018
3 Aspartic Acid 2-46 0.017 =
4 Citrulline 11-86 0.002 -
5  Cysteine 20-74 0.064* 43.43£14 98
6 Glutamic Acid 53-140 0.471% 85.93421.22
7 Glycine 151-527 0.173* 292 43483 497
%  Histidine 66-152 0.862* 105.89+2091
9  Isoleucine 42-145 0.659* 895442350
10 Leucine 96-262 0.179* 156.54+36.91
11  Lysine 136-356 0013 -
12 Methionine 17-206 0.000 =
13 Ormithine 57-220 0.449= 125.5037.40
14  Phenylalanine 58-128 0.031 -
15  Proline 77-657 0.001 i
16 Serine 59-151 0.736* 103.68+:24.64
17  Threonine B8-270 0.601* 162.61:48 60
18 Tyrosine 49-133 0.066% 75.89+19.02
19 Valine 198-399 0.713* 290.79+49.02

*Normality test with Saphiro-Wilk. Data is distributed normally if p=0.05.
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Table 3. Distribution and normality test of breast cancer subjects (n=29).

No. Amino Acid Distribution (Range) il mean+SD
Normality Test
1 Alanine 154-665 0.825* 444 .55+115.55
2 Arginine 91-211 0.524* 142.66+2740
3 Cysteine 20-113 0.387* 58.62+18.53
4 Glutamic Acid 49-101 0.157% 73.69+15.72
5 Glycine 162-623 0.001 -
6 Histidine 41-115 0.972* T9.86+17.56
7 Isoleucine 50-136 0.158* 86.24+22.75
8  Leucine 75-222 0.455* 137.72+37.05
9  Omithine 33-133 0.897* 85.14+25.09
10 Serine 64-132 0.159* 96762008
11 Threonine 71-197 0.530*% 133.72+32.68
12 Tyrosine 23-96 0.184* 59.03+16.26
13 Valine 149-326 0.461* 2292444910

*Normality test with Saphiro-Wilk. Data is distributed normally if p=0.05.

Amino Acid Profiles of Breast Cancer Subjects with
Cancer Risk Factors

When correlated with age, the ornithine was found
statistically different between age of <40 and >40 years of
breast cancer subjects with luminal B subtype (Figure 4A).
When correlated with age of menarche, the glutamic acid
was found statistically different between age of menarche
of <12 and >12 years of breast cancer subjects with luminal

B subtype (Figure 4B). When correlated with parity, the

glutamic acid, histidine and valine were found statistically
different between 0-1 parity and multiparity of breast
cancer subjects with luminal A subtype (Figure 4C). When
correlated with family cancer history, the glutamic acid was
found statistically different between breast-cancer-luminal-
A-subtype subjects with and without family cancer history
(Figure 5A). In addition, valine was found statistically
different between breast-cancer-luminal-B-subtype subjects
with and without family cancer history (Figure 5B).

T
0,058 . Breast Cancer
[] Heatihy Contrat

00

500
=)
=
2
E
= 400
] = 0.000*
2
£
£ 300
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]
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) 0060 PERE
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001 Lapiinls 001"
100 0001 m 'm
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Figure 1. Mean comparison of 12 amino acids between breast cancer (n=29) and control (n=28) subjects, *Mean comparison test with

Independent T-test. Data is considered significant if p<(0.05.
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430 B Luminal A
300 p=0256 0 Luminal B
= 250
[
=
2 200
E p=.762
E 150 =0.780 i i
E 0112 ok Figure 2. Mean comparison of
- ={).283 g .24 :
E 10| 0721 e H202AT, 7 amino acid between Luminal
A (n=10) and Luminal B (n=13)
H subjects. *Mean comparison test
& with Independent T-test. Data is
Cysteine  Glutamic Acid Histdine Ornithine Threonine Tyrosine Valine considered significant il p<0.05.
Amino Acid
significant difference between subjects with breast cancer
Discussion

Amino acids are essential nutrients in all living cells
and are important for the proliferation and maintenance of
tumor cells.(11) Oncogenesis depends on amino acids,
the building blocks for protein synthesis, as well as energy
sources and metabolites. Due to their accelerated growth,
cancer cells will also require a greater quantity of amino

acids than normal cells.(11,16) There was a statistically

and healthy controls in terms of the amino acid cystine
(p=0.001).

Cystine is an amino acid derived from homocysteine
that plays a role in nucleotide methylation and DNA
synthesis. As an inhibitor of the methyltransferase
enzyme, plasma concentrations of cystine rise during folic
acid deficiency. This renders ineffective processes of
DNA methylation and regulation of gene expression,
which contribute to oncogenesis at the genetic level and
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initiate cancer.(17) Increased cystine proteinases such as regulation of these proteinases due to decreased expression
cathepsin B and L activities have been observed as well in and activity of their endogenous inhibitors.(18)

a variety of human and animal malignant tumors, which Through the production of alpha-ketoglutarate,
may be due to changes in their expression, activation and alanine plays a role in the formation of extracellular
processing, intracellular trafficking, as well as declining matrix in metastatic breast cancer.(19) The breast cancer
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proliferative pathway inhibits the enzyme GPT2 (alanine
transaminotransferase-2) that produces alanine from
glutamate and pyruvate.(20) This is associated with a
decrease in the average amount of alanine in breast cancer
subject compared to healthy controls.

Significantly decreased in breast cancer subjects than
the healthy control was found in this study. The lower level
of leucine level might be due to highly expressed of leucine
aminopeptidase 3 (LAP3) in breast cancer tissues. LAP3
is an exopeptidase that catalyzes the hydrolysis of leucine
residues at the amino terminus of a protein or peptide
substrate.(21,22) LAP3 is also implicated in breast tumor
cell proliferation, migration, invasion, and angiogenesis.
It enhances breast cancer cell motility and invasion by
activating many signaling pathways.(22)

The amino acid profile is not only associated with
breast cancer incidence, but also with breast cancer risk
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tactors.(23) The multiparities risk factor was significant
for the increasing of glutamic acid and histidine levels in
breast cancer subject with luminal B. The age risk factor
was significant for the increasing of ornithine level in breast
cancer subject with luminal B. As for the age of menarche,
glutamic acid level was significant increased in breast
cancer subject with luminal B.

In this current study, we found that breast cancer
subjects with luminal A and B did not show significant
difference for several amino acids. This study lacks of
research samples from each research subject. so further
research 1s needed to be conducted with a larger
sample size to obtain a clear significance between
the amino acid profile of breast cancer and its risk factors.
Further research at the cellular level is also necessary
to determine specifically the changes in amino acid profiles
due to cancer.
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Conclusion

The amino acid profile of patients with Luminal A and
B subtypes of breast cancer differs compared to healthy
controls and is also correlated with breast cancer risk
factors. An increase in cysteine level in Luminal A subtype
patients and the decrease of alanine and leucine in Luminal
B subtype patients can be used as a biomarker.
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Profile of Plasma Amino Acid of Breast Cancer Patients and s Relation to Breast

Cancer Risk Factors

ABSTRACT
Background: Breast cancer ranks second as the cancer with the highest incidence in the
world. For nucleotide synthesis and DNA methylation, cancer cells require amino acids and

will utilize greater amounts than normal cells‘. This study was aimed to analyze the plasma

amino acids profile er of breast cancer patients and on its risk factors.

Methods: Venous blood from subjects were taken, and then centrifuged at 2500 rpm for
10 minutes to obtain plasma. The blood plasma was analyzed using a liquid chromatography
technique to quantify the amino acid level.

Results: There was a statistically significant difference between amino acid levels from
subjects with breast cancer , 1.e. increasing of cystine and
decreasing of valine, lysine, histidine, alanine, ornithine, tyrosine, glutamic acid, methionine,
and proline. Erem this study also suggests that several amino acids are associated with breast
cancer risk factors, i.e. decreasing of alanine in older age, multiple parities and
patients with familial cancer history, and decreasing of ornithine in older age of menarche.
Conclusion: The amino acid profile of breast cancer patients differs from that-of healthy
controls and is correlated with breast cancer risk factors as well. Increasing ef cysteine level
can be used as a biomarker of breast cancer because it was found significantly higher in
breast cancer patients , especially in luminal A patients.

Keywords: amino acid, plasma, breast cancer, risk factor, biomarker
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INTRODUCTION
Cancer is known as a complex disease whieh can be caused by several factors, such
as environmental, lifestyle, genetic, and clinical. Its prevalence that-inereased, lead

cancer to the list of chronic debilitating disease.! The most common type of cancer which be

found en in women is breast cancer.” Based on data from the International Agency for
Research on Cancer, breast cancer ranks second as the cancer with the highest incidence in
the world. Breast cancer also ranks first in the incidence of cancer in women. Globally, an
estimated 18.1 million people are affected. The reported breast cancer mortality rate ranges
from 626,679 (6.6%), second only to lung cancer. In Indonesia alone, breast cancer has the
highest prevalence of 0.5%, or 61,682 cases per year.”

In its development, breast cancer is influenced by risk factors such as age,
genetic and family history of breast cancer, BRCA gene mutations, younger first menstrual
history, low parity, a history of hormone use and hormone replacement therapy. Obesity can
be associated with development of breast cancer as well. It can be affected by the act
from of aromatization of adrenal androgen into estrogen at adipose tissue.” The incidence of
breast cancer also increases in the group of women aged >40 years.*

LFoﬁ nucleotide synthesis and DNA methylation, cancer cells require_and utilize amino

acids gad-willutilize in greater amounts than normal cells. Compared to the control group,

breast cancer patients were found to have significant changes in & the number of amino acids.

In its report, Barnes et al. described an increase in the branched-chain group of essential and

non-essential amino acids jn—a—repert—These—amino—acids—eonsist—of namely leucine,
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phenylalanine, aspartic acid, taurine, and lysine, among others.®’ Additionally, almost all

amino acids undergo fluctuating changes in blood, cells, and plasma. The most significant

value was observed was valine_and isoleucine with value (230415) in the control group and /[Formatted: Strikethrough
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p; (182412) eompared-to-in breast cancer patients{182+12), and 48.8+ 4.2 vs 40.1+ 2.8 for

isoleucine.®

Hn addition to the role of histidine Nia histidine-rich glycoprotein (HRG), which is a

binding plasma protein that modulates cell immunity, cell adhesion, angiogenesis, and
thrombosis, other mechanisms relating to the development of breast cancer have also been
attributed to essential amino acids. HRG RNA expression was significantly elevated in all
9,10

subtypes of breast cancer, with the basal subtype and stage II having the highest levels.

With Jrregard to the role of the anti-cancer amino acid lysine, the opposite results were also

reported. L-Lysine a-oxidase catalyzed by the conversion of L-lysine into a-keto-E-
aminocaproic acid, H,O,, and ammonia with oxygen consumption exhibited significant
anticancer effects on in vitro cell cultures or several in vivo tumor models. It has been
demonstrated that the combination of lysine and other micronutrients inhibits the expression
and invasion of matrix metalloproteinase (MMP) in several cancers, including breast
cancer.'"'> In general, amount of MMP expressions promote hallmarks of cancer
progression, includ invasion, metastasis, angiogenesis, and correlates with patient
survival."”” There is currently no report on the study of amino acids in Indonesian breast
cancer patients. Therefore, this study was aimed to analyze the plasma amino acids profile en

breast cancer patients and e# its risk factors.

METHODS

Patients’ characterization

This research was conducted from July 2020 to September 2020 at Cipto Mangunkusumo
National Hospital Jakarta (RSCM)_and—Fhis—researeh was_previously approved by the

Faculty of Medicine Universitas Indonesia Ethical Committee (approval number: 20-08-

(
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0877). The inclusion criteria were at least 18-year-old women with breast cancer confirmed
by histopathology and immunohistochemistry who came to RSCM between January to March
2020. Patients with incomplete histopathology and medical record information were exclude
from this study. At least 18-year-old women healthy were recruited as healthy control. All
subjects were able to read, comprehend, and sign written agreements.
Amino acid profiling

For examination of amino acid, subjects were asked to fast for at least 8 hours and then

2.5 ml of venous blood was taken |[drawn, which was collected in a sterile container

containing heparin anticoagulant. Heparinized blood was then centrifuged at 2500 rpm for 10
minutes to obtain plasma. Plasma was stored at 80°C until examination was carried out.

For the measurement of plasma aspartic acid, glutamate, serine, asparagine, glycine,
Glutamic acid, taurine, histidine, alanine, arginine, proline, tyrosine, valine, methionine,

isoleucine, leucine, phenylalanine, ornithine, and lysine, bmino acids‘ were analyzed using

Comment [NN4]: this term is more J
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high-performance liquid chromatography (Waters 2695; Reverse-phase HPLC separation;
octadecyl (C18) columns, 25 c¢cm in length (5 um)). Singletons were used to run samples,
external standards, and internal standards. The external standards were utilized at
concentrations of 50, 100, and 250 mol/L."!*
Statistical analysis

Data analysis were done with SPSS version 25.0. Using independent samples t-test

for both variables, a bivariate analysis was performed to determine the difference in mean

between two unpaired samples and ANOVA_with p-value of 0.05 to determine the
difference among three groups. L[n contrast, if a p-value of 0.05 is obtained, there is a

statistically significant difference between the two or three samples. If the significance value

is greater than 0.05, however, there is no significant difference between the two samples. IIL/[Comment [NNG6]: this explanation is

the data is neither normal nor homogeneous, the Mann-Whitney U or Kruskal-Wallis test is

not necessary




M2022190 - Profile of Plasma Amino Acid from Breast Cancer Patients

99  performed to determine whether there is a statistically significant difference between the two
100  or three groups.
101
102  RESULTS
103 Patients’ characteristics

104 Characteristics of breast cancer research subjects were divided by age, stage of breast

105 ‘ cancer and the characteristics of breast cancer risk factors, including age risk—faetors, parity /{Formatted: Strikethrough
106  and age of menarche. From a total of 40 research subjects with breast cancer, the average age

107  of the subjects was 52.08 years while in healthy women as controls, the average age was

108 ‘ 41.65 years. Among 40 Breasﬁ cancer research subjects in this study, 45% had stage T2, and (Comment [NN7]: Rephrase this

sentence

109  42.5% had luminal A. Table 1 shows the data on the characteristics of the subjects in this
110 study.

111  Amino acid profiles of breast cancer patients

112 The distribution of data from 80 samples of research subjects was normal and
113 homogeneous for 14 amino acids, but was not normal and was not homogeneous for the

114 | remaining of 5 amino acids_namely —Glutamic acid, isoleucine, methionine, phenylalanine,

115 | and proline-are-thefive-amine-aeids. Both samples of amino acid data, which are normally /[Formatted: Strikethrough

116  distributed and homogeneous, are subjected to a parametric test using an independent sample

117  t-test. Due to the abnormal and non-homogeneous nature of the data, non-parametric tests

118 ‘ ptilizing—the Mann-Whitey U gest were conducted to determine whether there were _—{ Formatted: Strikethrough

\[ Formatted: Strikethrough

119  significant differences between the two samples. The amino acid profiles of breast cancer
120  patients and healthy controls are displayed in Table 2.

121 Based on the result, there was a statistically significant difference between amino acid

122 ‘ levels frem of subjects with breast cancer and controls, in which with breast cancer patients /[Formatted: Strikethrough

123 having higher levels of cystine and phenylalanine than controls. In addition to the increase in
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cystine and phenylalanine levels, there was also a significant decrease in valine, lysine,
histidine, alanine, ornithine, tyrosine, Glutamic acid, methionine, and proline levels in breast
cancer patients compared to healthy controls.

We also added some analysis on amino acid profile of breast cancer patients based on
their subtype and breast cancer stages (Table 3-7). In HER2 positive samples, ornithine,
valine, tyrosine, proline, and phenylalanine k)vere significantly decrease fthan in healthy
control. On the other side, patients with Luminal A and B, had lower level of ornithine,
histidine, lysine, valine, proline, methionine and phenylalanine. Cystine had significantly
higher level in patients with luminal A signifieantly-compared to healthy control. Contrast
with triple negative result, aspartic acid and threonine showed lower level significantly than
healthy control. In stages comparison, cystine showed lower levels significantly in higher
stages.

Amino acid profiles of breast cancer risk factors

To determine the role of amino acids in breast cancer risk factors, an independent sample
t-test or Mann-Whitney U test was performed between amino acids and each risk factor in
breast cancer research subjects (Table 8). These results suggest that several amino acids are
associated with breast cancer risk factors. %ge is a known risk factor with a significant mean
value for alanine (p=0.025). The parity risk factor was also significant for threonine
(p=0.032), alanine (p=0.022), and Glutamic acid (p=0.025). The significance of the risk
factor for menarche for the amino acid ornithine is 0.015. The family history factors showed
lower level as well of lysine (p=0.040), leucine (p=0.002), alanine (p=0.010), isoleucine

(p=0.021), and methionine (p=0.028).‘

DISCUSSIONS
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Amino acids are organic compounds containing an amino group (-NH) and a carboxyl
group (-COOH); they are the fundamental structural units of proteins. Amino acids are
categorized into essential amino acids and non-essential amino acids. Amino acids are the
primary molecules required for protein synthesis and have multiple functions within the cell.
As amino acids are essential for nucleotide synthesis and DNA methylation, hhey play a role

in cancer cell proliferationl. Oncogenesis depends on amino acids, the building blocks for

Comment [NN10]: what about their

protein synthesis, as well as energy sources and metabolites. Due to their accelerated growth,
cancer cells will also require a greater quantity of amino acids than normal cells.'>'®
There was a statistically significant difference between subjects with breast cancer and

controls in terms of the amino acid cystine, with breast cancer patients having higher levels

of cystine than controls. From our study, the mean of cysteine level was increase in breast

roles in normal cells?

__—{ Formatted: Strikethrough

cancer patients (62.95 £ 22.22) compared to healthy control (45.51 + 15.24), especially in
luminal A type (p<0.001). Cystine is an amino acid derived from homocysteine that plays a
role in nucleotide methylation and DNA synthesis. As an inhibitor of the methyltransferase

enzyme, plasma concentrations of cystine rise in ghe-presenee—of folic acid deficiency. This

__—{ Formatted: Strikethrough

_J

renders ineffective the—processes of DNA methylation and regulation of gene expression,

__—{ Formatted: Strikethrough
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which contribute to oncogenesis at the genetic level and initiate cancer.'” Increased cystine
proteinases such as cathepsin B and L activities have been observed as well in a variety of
human and animal malignant tumors, which may be due to changes in their expression,
activation and processing, intracellular trafficking, as well as declining regulation of these
proteinases due to decreased expression and activity of their endogenous inhibitors.'®2°
There were some significant decreases in some amino acids levels in breast cancer
patients compared to healthy controls. In line with previous study, patients with breast cancer

had decreased plasma levels of valine due to the excessive consumption of breast cancer cells

by uncontrolled cell growth. The decrease in valine levels in breast cancer is attributable to a
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shift in the concentration of energy on tumor cell proliferation, resulting in an increase in

anaerobic glycolysis, which inhibits the TCA cycle.zl‘

L-lysine is an essential amino acid that must be obtained through the consumption of
food. L-Lysine, a lysine derivative, is known to be effective as an anti-cancer agent.
According to reports, lysine can function as an anti-tumor agent by inhibiting MMP.'"'?
Lysine methylation and lysine acetylation play a role in cancer cell proliferation,
differentiation, migration, and signal transduction via metabolic regulation. This correlates
with lower lysine levels in breast cancer compared to healthy controls. Low lysine levels
indicate high methylation and acetylation of lysine in breast cancer cells during cancer cell
proliferation.?

The correlation between histidine and breast cancer is explained by several pathways.
Histidine-rich glycoprotein (HRG), a plasma protein that binds numerous ligands and
modulates immunity, cell adhesion, angiogenesis, and thrombosis, is converted into a plasma
protein.9’10 Aspartic acid and oxaloacetate in the TCA cycle are linked to the decrease in
histidine levels in breast cancer cells.” Aspartic acid consumption by cancer cells has
decreased aspartic acid levels in the blood. Histidine concentrations in the blood decrease
when aspartic acid concentrations fall. In addition to histidine, proline is involved in feeding
the TCA cycle via the urea cycle and ROS formation via proline dehydrogenase (PRODH).
Previous studies reported in line with our study that histidine and proline levels were lower in
breast cancer patients than controls.”*!

Through the production of alpha-ketoglutarate, alanine plays a role in the formation of
extracellular matrix in metastatic breast cancer.”> The breast cancer proliferative pathway
inhibits the enzyme GPT2 (alanine transaminotransferase-2) that produces alanine from

glutamate and pyruvate.” This is associated with a decrease in the average amount of alanine

in breast cancer as compared to healthy controls.
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The most abundant amino acid in plasma is Glutamic acid. It has been demonstrated that
Glutamic acid plays a role in cancer cell proliferation by providing carbon and nitrogen for
biosynthetic reactions. Multiple amino acid transporters, including ASCT2, are responsible
for Glutamic acid uptake by cancer cells. In some tumors, Glutamic acid absorption is also
significantly increased.”?> Glutamic acid levels have decreased in breast cancer due to its role
in cancer cell proliferation via glutaminolysis, which reduces blood Glutamic acid levels.?!

There are several amino acids that has significant difference in abundance between
stages of breast cancer as well (Table 7). ANOVA test between stages of breast cancer found
that serine, cystine, histidine, and leucine are significantly different between stages.
Contradict to our study, all three genes involved in the L: -serine biosynthesis pathway,
phosphoglycerate dehydrogenase (PHGDH), phosphoserine aminotransferase 1 (PSAT1), and
phosphoserine phosphatase (PSPH), were reported to be upregulated in the highly metastatic
variant, according to genome-wide gene expression profiling of this isogenic cell line pair.
High PHGDH and PSATI1 expression in primary breast cancer was related with lower
relapse-free and overall survival, as well as malignant phenotypic characteristics of breast
cancer.’®?” Meanwhile, we found lower level of serine in stage T4.

In this study, we found that leucine level is significantly lower in stage T3 and T4 of
breast cancer. There is a report of leucine aminopeptidase 3 (LAP3), an exopeptidase that
catalyzes the hydrolysis of leucine residues at the amino terminus of a protein or peptide
substrate, to be highly expressed in breast cancer tissues.”®*’ LAP3 is also implicated in
breast tumor cell proliferation, migration, invasion, and angiogenesis. It enhances breast
cancer cell motility and invasion by activating many signaling pathways.29

The amino acid profile is not only associated with breast cancer incidence, but also with
breast cancer risk factors. Age is a known risk factor with a significant mean value for

alanine, as well seen in our study, that patients with age above 40 years old has higher level
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223 of Alanine. In previous study reported that Alanine levels increased with age and reached a
224  maximum between the ages of 40 and 55. This relationship was not linear, but rather U-
225  shaped and inverted.”® The parity risk factor was also significant for threonine (p=0.032),
226  alanine (p=0.022), and Glutamic acid (p=0.025). The significance of the risk factor for
227  menarche for the amino acid ornithine is 0.015. Ornithine decarboxylase (ODC), according to
228  Deng et al., regulates estrogen receptor alpha expression and breast cancer cell growth.”!

229 The limitation of this study is the lack of research samples from each research subject, so
230  further research is needed with a larger sample size to obtain a clear significance between the
231  amino acid profile of breast cancer and its risk factors. Further research at the cellular level is

232 also needed to determine specifically the changes in amino acid profiles due to cancer.

233
234 | CONSCLUSION ___—{ Formatted: Strikethrough
235 The amino acid profile of breast cancer patients differs from that of healthy controls and

236 | is correlated with breast cancer risk factors as well. Increasing of cysteine level can be used

237  as biomarker of breast cancer because it was found significantly higher in breast cancer

238 | patients_than healthy controls, especially in patients with luminal A patients—thanhealthy

239 | centrols.
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332  TABLES

333 Table 1. Subjects’ characteristics

Characteristics Breast cancer patients  Healthy controls

Age 52.08 £8.42 y.0 41.65 + 12.46 y.0

Breast Cancer Stage

T4 5
T3 17
T2 18

Molecular Subtype

HER?2 positive 5
Luminal A 17
Luminal B 16
Triple Negative 2
Risk factors
Age: <40 years old 18 18
>40 years old 22 22
0-1 parity 10 13
Multiparity 30 27
Age of menarche: <12 y.o 31 10
>12y.0 9 30
334
335
336
337
338
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339  Table 2. Amino acid profiles of breast cancer patients and healthy control

Amino Acid Breast cancer patients  Healthy control p-value*
Mean £ SD Mean + SD
Aspartic acid 14.30 £ 8.34 17.12 £ 12.57 0.752
Arginine 142.52 £ 26.18 144.07 £29.52 0.804
Serine 98.77 £24.02 108.46 + 29.87 0.116
Glycine 286.02 + 94.56 300.50 £ 94.72 0.508
Cystine 62.95 £22.22 4551+ 15.24 0.000
Valin 235.85 £ 56.35 301.70 £ 60.58 0.000
Lysine 167.40 + 43.14 210.58 £ 52.88 0.000
Leucine 148.25 £ 61.10 163.92 £ 49.72 0.069
Histidine 80.30 £ 18.59 106.84 £21.46 0.000
Threonine 142.47 + 48.68 156.65 +49.48 0.191
Citrulline 32.17+£17.18 26.58 £ 13.04 0.117
Alanine 448.70 £ 117.89 511.70 £139.08 0.032
Ornithine 88.15 £ 28.39 130.10 + 44.76 0.000
Tyrosine 64.60 £ 24.18 76.61 £22.28 0.014
Median (IQR) Median (IQR) *k

Glutamic acid 74.00 (28.25) 87.00 (37.25) 0.026
Isoleucine 80.50 (39.50) 94.00 (39.25) 0.355
Methionine 22.50 (6.00) 29.00 (13.00) 0.000
Phenylalanine 88.00 (38.50) 69.00 (20.50) 0.000
Proline 129.00 (105.00) 242.00 (199.00) 0.000

340  * Utilizing independent sample t-test, significant at p-value<0.05
341  ** Utilizing the Mann-Whitney U test, significant at p-value<0.05



342  Table 3. Amino acid profiles of HER2 breast cancer vs control
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Amino Acid HER2 Control p-value
Mean * SD Mean £ SD *

Aspartic Acid 16.8+3.42 17.13£12.57 0.898
Serine 96.8+31.85 108.46+29.88 0.473
Threonine 179.4+87.69 154.82+50.15 0.572
Glycine 314.8+75.3 300.5+94.72 0.713
Cystine 54+£11.85 45.51+15.25 0.196
Citrulline 28.4+4.51 26.59+13.05 0.542
Alanine 438.24+65.5 511.7£139.08 0.076
Ornithine 73.4+12.93 130.1+44.76 <0.001
Histidine 84.4+18.5 106.85+21.47 0.054
Lysine 207.2+35.75 210.59+52.88 0.857
Arginine 144.8+28.04 144.08+29.52 0.959
Valine 227.2+46.93 301.7+£60.59 0.018
Tyrosine 58.6+14.36 76.62+22.28 0.044
Leucine 165.6+50.78 163.934+49.73 0.947
Median (IQR) Median (IQR) *k
Glutamic Acid 16 (25) 13 (33.75) 0.043
Proline 105 (56) 235.5(186.25) <0.001
Isoleucine 102 (46) 94 (37.75) 0.873
Methionine 25(3) 29 (12.5) 0.516
Phenylalanine 64 (6) 88 (37.5) 0.001

343 * Utilizing independent sample t-test, significant at p-value<0.05
344 ** Utilizing the Mann-Whitney U test, significant at p-value<0.05

345
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346  Table 4. Amino acid profiles of luminal A breast cancer vs control
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Amino Acid Luminal A Control p-value
Mean * SD Mean + SD *
Aspartic Acid 15.94+9.85 17.13£12.57 0.951
Serine 96.71+24.7 108.46+29.88 0.134
Threonine 140.88+35.17 154.82+50.15 0.241
Glycine 277.71+£74.62 300.5+£94.72 0.343
Cystine 73.24+20.73 45.51£15.25 <0.001
Citrulline 29.82+14.35 26.59+13.05 0.432
Alanine 488.12+111.66 511.7£139.08 0.503
Ornithine 92.35+31.29 130.1+44.76 0.001
Histidine 76.41420 106.85+21.47 <0.001
Lysine 170.71+42.53 210.59+52.88 0.005
Arginine 143.18+23.75 144.08+29.52 0.904
Valine 232.06+61.74 301.7+£60.59 <0.001
Tyrosine 62.47426.19 76.624+22.28 0.063
Leucine 170.18+79.81 163.93+49.73 0.768
Median (IQR) Median (IQR) *E
Glutamic Acid 69 (31) 13 (33.75) 0.116
Proline 135 (127) 235.5(186.25) 0.008
Methionine 23 (5) 94 (37.75) 0.005
Isoleucine 102 (78) 29 (12.5) 0.638
Phenylalanine 76 (23) 88 (37.5) 0.006

347  * Utilizing independent sample t-test, significant at p-value<0.05
348  ** Utilizing the Mann-Whitney U test, significant at p-value<0.05

349
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350  Table 5. Amino acid profiles of luminal B breast cancer vs control
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Amino Acid Luminal B Control p-value
Mean * SD Mean * SD *
Aspartic Acid 12.38+8.07 17.13+12.57 0.101
Serine 104.75+21.04 108.46+29.88 0.605
Threonine 141.5+40.76 154.82+50.15 0.312
Glycine 294.69+119.67 300.5+94.72 0.864
Cystine 56.88+23.65 45.51+15.25 0.091
Citrulline 36.38+21.83 26.59+13.05 0.110
Alanine 424+132.4 511.7£139.08 0.035
Ornithine 91.44+27.94 130.1+44.76 <0.001
Histidine 86.63+£13.97 106.85+21.47 <0.001
Lysine 155.75+39.43 210.59+52.88 <0.001
Arginine 144.5+28.07 144.08+29.52 0.960
Valine 246.31+53.78 301.7£60.59 0.002
Tyrosine 69.56+26.18 76.62+22.28 0.354
Leucine 125.19+27.07 163.93+49.73 <0.001
Median (IQR) Median (IQR) *k
Glutamic Acid 78.5+£14.63 13 (33.75) 0.200
Proline 149.56+86.52 235.5(186.25) 0.003
Methionine 23.44+15.97 94 (37.75) <0.001
Isoleucine 81.25+20.9 29 (12.5) 0.080
Phenylalanine 73.38+£16.23 88 (37.5) 0.001

351  * Utilizing independent sample t-test, significant at p-value<0.05
352 ** Utilizing the Mann-Whitney U test, significant at p-value<0.05

353
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Table 6. Amino acid profiles of triple negative breast cancer vs control
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Amino Acid Triple Negative Control p-value
Mean + SD Mean + SD *

Aspartic Acid 542.83 17.13+12.57 0.013
Serine 73.5+10.61 108.46+29.88 0.059
Threonine 71.5+0.71 154.82+50.15 <0.001
Glycine 215.5+75.66 300.5+94.72 0.368
Cystine 46.5+10.61 45.51£15.25 0.921
Citrulline 28+22.63 26.59+13.05 0.945
Alanine 337.5+31.82 511.7£139.08 0.005
Ornithine 634+24.04 130.1+44.76 0.171
Histidine 52.5+16.26 106.85+21.47 0.138
Lysine 133+50.91 210.59+52.88 0.283
Arginine 116+35.36 144.08+29.52 0.469
Valine 206+80.61 301.7+60.59 0.346
Tyrosine 58+1.41 76.62+22.28 0.001
Leucine 103+9.9 163.93+49.73 0.002

* Utilizing independent sample t-test, significant at p-value<0.05
** Utilizing the Mann-Whitney U test, significant at p-value<0.05
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359  Table 7. Amino acid profiles of breast cancer patients according to stages
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Amino Acid Stages p-value
T2 T3 T4 *
Mean + SD Mean + SD Mean + SD
Aspartic Acid 18.24+8.04 12.18+8.2 9.245.12 0.086
Serine 91.83£24.03 110.18422.38 85+12.79 0.026
Threonine 144.78+53.31  149.65+44.69 109.8+38.19 0.270
Glycine 289.44+80.46  304.59+111.12  210.6+40.69 0.145
Cystine 66.56+17.03 65.76+26.4 40.4+8.32 0.048
Citrulline 30.72+12.73 34.65+21.65 29+16.36 0.732
Alanine 488+105.65  407.76+123.48 446.4+114.03 0.131
Ornithine 86.11+£27.22 86.41+25.44 101.4+43.28 0.549
Histidine 74.72+18.05 88.88+16.13 71.2+19.77 0.036
Lysine 179.94+£42.39  158.59+44.27 152.2+36.72 0.246
Arginine 139.83+23.28  146.82+29.08 137.8+£29.35 0.678
Valine 227.67454.02  234.41451.52 270.2+78.47 0.333
Methionine 24.17+5.11 23.29+15.49 20+3.08 0.749
Tyrosine 61.174+25.67 63.24+20.88 81.6+27.2 0.241
Isoleucine 108.67+54.25 83.53+£27.46 85+25.35 0.189
Leucine 174.94+76.65 125.06+34.3 131+£29.27 0.039
Phenylalanine ~ 72.11£14.21 72.59+15.57 75.4+15.39 0.909
Median (IQR) Median (IQR) Median (IQR) ok

Glutamic Acid 64 (24.75) 78 (26) 74 (13) 0.199
Proline 133 (77) 133 (136) 111 (34) 0.289
Methionine 24.5 (5.11) 20 (6) 20(2) 0.042
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Amino Acid Stages p-value

T2 T3 T4 *

Mean = SD Mean = SD Mean + SD

Isoleucine 103.5 (49.75) 121 (28) 79 (18) 0.335

Phenylalanine 67 (18.75) 71 (18) 74 (21) 0.859

360  * Utilizing ANNOVA, significant at p-value<0.05
361  ** Utilizing the Kruskal-Wallis test, significant at p-value<0.05
362
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Table 8. Amino acid profiles of breast cancer risk factors
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Amino Acid Age Parities Menarche Age Family History
>40y.o <40 y.o 0-1 Multiparities <12y.o >12y.o0 Yes No
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean = SD Mean + SD
Aspartic acid 13.29 £8.13 18.66 £ 12.66 16.72 £12.91 15.32£9.82 14.84 £9.87 15.88 £10.91 14.13+12.45 14.52+7.3

Arginine
Serine
Glycine
Cystine
Valin

Lysine

Leucine

Histidine

Threonine

Citrulline

Alanine

143.79 £31.71

102.31 £27.29

294.55 £106.29

57.11+£21.91

263.00 £ 68.57

183.38 £57.15

152.56 £ 59.14

94.84 £24.12

143.38 £43.14

29.36 £17.54

450.45* £ 126.55

142.69 £22.37

105.11 £27.70

291.25£78.60

50.85+19.32

275.83 £65.08

195.42 £46.14

160.38 £52.18

91.60 +24.05

157.14 £ 55.93

29.48 £12.56

516.55 +131.00

140.36 £ 28.58
100.57 £28.19
285.23 £78.38
51.95+24.31
266.90 £ 68.41

185.47 £46.46

148.27 £40.70

89.19 +22.47
170.30% + 53.15
(p=0.032)
27.04 +12.57

534.72*% £ 142.77

144.41 £28.70

104.63 £27.18

295.96 £100.01

55.20+19.69

269.48 £ 66.92

189.89 +54.96

159.05 £60.73

94.93 £24.53

142.17 £46.16

30.27+£16.37

459.51 £122.65

146.69 £25.40

112.69 £37.21

338.69 £117.29

51.61 £18.30

286.84 £90.08

202.30 £59.71

169.30 £76.53

100.76 £24.92

164.92 £50.59

27.23 £18.69

494.07 £165.52

142.64 £ 28.30

101.75 £24.92

270.75+79.92

59.13+17.64

265.26 £61.70

186.04 = 51.14

153.52 £51.33

79.13+£22.52

146.27 £ 48.80

29.84 + 14.85

477.50 £ 125.77

131.75423.17
92.75+16.78
289.84+98.66
63.91423.38
207.25+42.31
136.75+41.78
(p=0.040)
110.88+22.88
(p=0.002)

80.59+17.89

114.5+41.04
39.63+28.33

366.5+£79.79

145.25426.53

100.28+25.51

289.84+98.66

63.91+23.38

243+57.68

175.06+40.56

157.59+64.25

100.28+25.51

149.47+48.46

30.31+13.13

469.25+117.76
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Amino Acid Parities Menarche Age Family History
>40y.o <40 y.o 0-1 Multiparities <12y.o >12y.o0 Yes No
(p=0.025) (p=0.022) (p=0.010)
Ornithine 107.25 £ 46.60 110.88 £37.83 105.61 £44.09 110.03 £42.53 135.07 £ 54.41 103.69* + 38.45
(p=0.015) 86.38+29.93 88.59+28.48
Tyrosine 68.20 £ 22.34 73.45+£25.74 71.14 £25.54 70.31+£23.89 78.92 £24.40 68.87 £23.63 64.13+24.68 64.72+24.46
Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Glutamic acid 80.50 (29.00) 73.50 (40.25) 66.50%* (28.75) 84.50 (32.00) 78.00 (28.50) 78.00 (33.00) 74 (25.75) 76 (26.25)
(p=0.025)
Isoleucine 82.50(32.25) 99.00 (45.75) 84.00 (44.50) 91.00 (39.25) 91.00 (44.50) 87.00 (39.00) 66.5 (13.25) 91 (45.5)
(p=0.021)
Methionine 23.50 (9.00) 26.00 (12.00) 26.00 (15.50) 24.00 (9.25) 26.00 (20.50) 24.00 (9.50) 19 (3.75) 23 (5.25)
(p=0.028)
Phenylalanine 77.00 (26.00) 83.50 (31.00) 84.00 (28.00) 79.00 (25.50) 88.00 (50.00) 79.00 (24.00) 68.5(17.25) 69 (19.75)
Proline 171.00 (148.00) 176.00 (200.00) 162.50 (225.50) 176.00 (149.50)  195.50 (174.75) 165.00 (157.00) 188.5(104.75) 115 (63.75)

* Utilizing independent sample t-test, significant at p-value<0.05

** Utilizing the Mann-Whitney U test, significant at p-value<0.05
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Troﬁle of Plasma Amino Acid of Breast Cancer Patients and It’s Relation to Breast

Cancer Risk F actors\

ABSTRACT

Background: Breast cancer ranks second as the cancer with the highest incidence in the
world. For nucleotide synthesis and DNA methylation, cancer cells require amino acids and
will utilize greater amounts than normal cells. This study was aimed to analyze the plasma
amino acids profile on breast cancer patients and on its risk factors.

Methods: Venous blood from subjects were taken, and then centrifuged at 2500 rpm for 10
minutes to obtain plasma. The blood plasma was analyzed using a liquid chromatography
technique to quantify the amino acid level.

Results: There was a statistically significant difference between amino acid level from
subjects with breast cancer, i.e. increasing of cystine and decreasing of valine, lysine,
histidine, alanine, ornithine, tyrosine, glutamic acid, methionine, and proline, compared to
healthy controls. From this study also suggest that several amino acids are associated with
breast cancer risk factors, i.e. decreasing of alanine in older age, multiple parity and patients
with familial cancer history, and decreasing of ornithine in older age of menarche.
Conclusion: The amino acid profile of breast cancer patients differs from that of healthy
controls and correlated with breast cancer risk factors as well. Increasing of cysteine level can
be used as biomarker of breast cancer because it was found significantly higher in breast
cancer patients, especially in luminal A patients than healthy controls.

Keywords: amino acid, plasma, breast cancer, risk factor, biomarker
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INTRODUCTION

Cancer is known as complex disease which can be caused by several factors, such as
environmental, lifestyle, genetic, and clinical. Its prevalence that increased, lead cancer to the
list of chronic debilitating disease.' The most common type of cancer which be found on
woman is breast cancer.” Based on data from the International Agency for Research on
Cancer, breast cancer ranks second as the cancer with the highest incidence in the world.
Breast cancer also ranks first in the incidence of cancer in women. Globally, an estimated
18.1 million people are affected. The reported breast cancer mortality rate ranges from
626,679 (6.6%), second only to lung cancer. Hn Indonesia alone, breast cancer has the highest

prevalence of 0.5%, or 61,682 cases per year.P’4 In its development, breast cancer is

influenced by risk factors such as age, genetic and family history of breast cancer, BRCA
gene mutations, younger first menstrual history, low parity, a history of hormone use and
hormone replacement therapy. Obesity can be associated with development of breast cancer
as well. It can be affected by the act from aromatization of adrenal androgen into estrogen at
adipose tissue.” The incidence of breast cancer also increases in the group of women aged
>40 years.4

For nucleotide synthesis and DNA methylation, cancer cells require amino acids and will
utilize greater amounts than normal cells. Compared to the control group, breast cancer
patients were found to have significant changes in a number of amino acids. Barnes et al.
described an increase in the branched chain group of essential and non-essential amino acids
in a report. These amino acids consist of leucine, phenylalanine, aspartic acid, taurine, and
lysine, among others.®’ Additionally, almost all amino acids undergo fluctuating changes in
blood, cells, and plasma. The most significant value observed was valine (230+15) in the
control group, compared to in breast cancer patients (182+12), and 48.8+ 4.2 vs 40.1+ 2.8 for

isoleucine.®

(
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updated data
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In addition to the role of histidine via histidine-rich glycoprotein (HRG), which is a
binding plasma protein that modulates cell immunity, cell adhesion, angiogenesis, and
thrombosis, other mechanisms relating to the development of breast cancer have also been
attributed to essential amino acids. HRG RNA expression was significantly elevated in all
subtypes of breast cancer, with the basal subtype and stage II having the highest levels.”'® In
regard to the role of the anti-cancer amino acid lysine, the opposite results were also reported.
L-Lysine a-oxidase catalyzed by the conversion of L-lysine into a-keto-E-aminocaproic acid,
H,0,, and ammonia with oxygen consumption exhibited significant anticancer effects on in
vitro cell cultures or several in vivo tumor models. It has been demonstrated that the
combination of lysine and other micronutrients inhibits the expression and invasion of matrix

metalloproteinase (MMP) in several cancers, including breast cancer.'"'"

In general, amount
of MMP expressions promote hallmarks of cancer progression, includes invasion, metastasis,
angiogenesis, and correlate with patient survival."> There is currently no report on the study

of amino acids in Indonesian breast cancer patients. Therefore, this study was aimed to

analyze the plasma amino acids profile on breast cancer patients and on its risk factors.

METHODS

[Patients’ characterization}

/[ Comment [MH3]: Recruiting subjects J

This research was conducted from July 2020 to September 2020 at Cipto Mangunkusumo
National Hospital Jakarta (RSCM). This research was approved by the Faculty of Medicine
Universitas Indonesia Ethical Committee (approval number: 20-08-0877). The inclusion
criteria were at least 18-year-old women with breast cancer confirmed by histopathology and
immunohistochemistry who came to RSCM between January to March 2020. Patients with

incomplete histopathology and medical record information were exclude from this study. At
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least 18-year-old women healthy were recruited as healthy control. All subjects were able to
read, comprehend, and sign written agreements.
Amino acid profiling

For amino acid examination, subjects were asked to fast for at least 8 hours and then 2.5
ml of venous blood was taken, which was collected in a sterile container containing heparin
anticoagulant. Heparinized blood was then centrifuged at 2500 rpm for 10 minutes to obtain
plasma. Plasma was stored at 80°C until examination was carried out.

For the measurement of plasma aspartic acid, glutamate, serine, asparagine, glycine,
Glutamic acid, taurine, histidine, alanine, arginine, proline, tyrosine, valine, methionine,
isoleucine, leucine, phenylalanine, ornithine, and lysine, amino acids were analyzed using
high-performance liquid chromatography (Waters 2695; Reverse-phase HPLC separation;
octadecyl (C18) columns, 25 cm in length (5 um)). Singletons were used to run samples,
external standards, and internal standards. The external standards were utilized at
concentrations of 50, 100, and 250 mol/L."!*

Statistical analysis

Data analysis were done with SPSS version 25.0. Using independent samples t-test for
both variables, a bivariate analysis was performed to determine the difference in mean
between two unpaired samples and ANOVA to determine the difference among three groups.
In contrast, if a p-value of 0.05 is obtained, there is a statistically significant difference
between the two or three samples. If the significance value is greater than 0.05, however,
there is no significant difference between the two samples. If the data is neither normal nor
homogeneous, the Mann-Whitney U or Kruskal-Wallis test is performed to determine

whether there is a statistically significant difference between the two or three groups.

RESULTS
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Patients’ characteristics

Characteristics of breast cancer research subjects were divided by age, stage of breast
cancer and the characteristics of breast cancer risk factors, including age risk factors, parity
and age of menarche. From a total of 40 research subjects with breast cancer, the average age
of the subjects was 52.08 years while in healthy women as controls, the average age was
41.65 years. Breast cancer research subjects in this study 45% had stage T2, and 42.5% had
luminal A. Table 1 shows the data on the characteristics of the subjects in this study.

Amino acid profiles of breast cancer patients

The distribution of data from 80 samples of research subjects was normal and
homogeneous for 14 amino acids, but was not normal and was not homogeneous for the
remaining 5 amino acids. Glutamic acid, isoleucine, methionine, phenylalanine, and proline
are the five amino acids. Both samples of amino acid data, which are normally distributed
and homogeneous, are subjected to a parametric test using an independent sample t-test. Due
to the abnormal and non-homogeneous nature of the data, non-parametric tests utilizing the
Mann-Whitney U test were conducted to determine whether there were significant differences
between the two samples. The amino acid profiles of breast cancer patients and healthy
controls are displayed in Table 2.

Based on the result, there was a statistically significant difference between amino acid
level from subjects with breast cancer and controls, with breast cancer patients having higher
levels of cystine and phenylalanine than controls. In addition to the increase in cystine and
phenylalanine levels, there was a significant decrease in valine, lysine, histidine, alanine,
ornithine, tyrosine, Glutamic acid, methionine, and proline levels in breast cancer patients
compared to healthy controls.

We also added some analysis on amino acid profile of breast cancer patients based on

their subtype and breast cancer stages (Table 3-7). In HER2 positive samples, ornithine,
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valine, tyrosine, proline, and phenylalanine were significantly decrease than in healthy
control. On the other side, patients with Luminal A and B, had lower level of ornithine,
histidine, lysine, valine, proline, methionine and phenylalanine. Cystine had higher level in
luminal A significantly compared to healthy control. Contrast with triple negative result,
aspartic acid and threonine showed lower level significantly than healthy control. In stages
comparison, cystine showed lower levels significantly in higher stages.
Amino acid profiles of breast cancer risk factors

To determine the role of amino acids in breast cancer risk factors, an independent sample
t-test or Mann-Whitney U test was performed between amino acids and each risk factor in
breast cancer research subjects (Table 8). These results suggest that several amino acids are
associated with breast cancer risk factors. Age is a known risk factor with a significant mean
value for alanine (p=0.025). The parity risk factor was also significant for threonine
(p=0.032), alanine (p=0.022), and Glutamic acid (p=0.025). The significance of the risk
factor for menarche for the amino acid ornithine is 0.015. The family history factors showed
lower level as well of lysine (p=0.040), leucine (p=0.002), alanine (p=0.010), isoleucine

(p=0.021), and methionine (p=0.028).

DISCUSSIONS

Amino acids are organic compounds containing an amino group (-NH) and a carboxyl
group (-COOH); they are the fundamental structural units of proteins. Amino acids are
categorized into essential amino acids and non-essential amino acids. Amino acids are the
primary molecules required for protein synthesis and have multiple functions within the cell.
As amino acids are essential for nucleotide synthesis and DNA methylation, they play a role

in cancer cell proliferation. Oncogenesis depends on amino acids, the building blocks for
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protein synthesis, as well as energy sources and metabolites. Due to their accelerated growth,
cancer cells will also require a greater quantity of amino acids than normal cells.'>'®

There was a statistically significant difference between subjects with breast cancer and
controls in terms of the amino acid cystine, with breast cancer patients having higher levels
of cystine than controls. From our study, the mean of cysteine level was increase in breast
cancer patients (62.95 £ 22.22) compared to healthy control (45.51 + 15.24), especially in
luminal A type (p<0.001). Cystine is an amino acid derived from homocysteine that plays a
role in nucleotide methylation and DNA synthesis. As an inhibitor of the methyltransferase
enzyme, plasma concentrations of cystine rise in the presence of folic acid deficiency. This
renders ineffective the processes of DNA methylation and regulation of gene expression,
which contribute to oncogenesis at the genetic level and initiate cancer.'” Increased cystine
proteinases such as cathepsin B and L activities have been observed as well in a variety of
human and animal malignant tumors, which may be due to changes in their expression,
activation and processing, intracellular trafficking, as well as declining regulation of these
proteinases due to decreased expression and activity of their endogenous inhibitors. '

There were some significant decreases in some amino acids levels in breast cancer
patients compared to healthy controls. In line with previous study, patients with breast cancer
had decreased plasma levels of valine due to the excessive consumption of breast cancer cells
by uncontrolled cell growth. The decrease in valine levels in breast cancer is attributable to a
shift in the concentration of energy on tumor cell proliferation, resulting in an increase in
anaerobic glycolysis, which inhibits the TCA cycle.”!

L-lysine is an essential amino acid that must be obtained through the consumption of
food. L-Lysine, a lysine derivative, is known to be effective as an anti-cancer agent.
p L2

According to reports, lysine can function as an anti-tumor agent by inhibiting MM

Lysine methylation and lysine acetylation play a role in cancer cell proliferation,
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differentiation, migration, and signal transduction via metabolic regulation. This correlates
with lower lysine levels in breast cancer compared to healthy controls. Low lysine levels
indicate high methylation and acetylation of lysine in breast cancer cells during cancer cell
proliferation.”

The correlation between histidine and breast cancer is explained by several pathways.
Histidine-rich glycoprotein (HRG), a plasma protein that binds numerous ligands and
modulates immunity, cell adhesion, angiogenesis, and thrombosis, is converted into a plasma
protein.”'® Aspartic acid and oxaloacetate in the TCA cycle are linked to the decrease in
histidine levels in breast cancer cells.”” Aspartic acid consumption by cancer cells has
decreased aspartic acid levels in the blood. Histidine concentrations in the blood decrease
when aspartic acid concentrations fall. In addition to histidine, proline is involved in feeding
the TCA cycle via the urea cycle and ROS formation via proline dehydrogenase (PRODH).
Previous studies reported in line with our study that histidine and proline levels were lower in
breast cancer patients than controls.”!

Through the production of alpha-ketoglutarate, alanine plays a role in the formation of
extracellular matrix in metastatic breast cancer.”” The breast cancer proliferative pathway
inhibits the enzyme GPT2 (alanine transaminotransferase-2) that produces alanine from
glutamate and pyruvate.24 This is associated with a decrease in the average amount of alanine
in breast cancer as compared to healthy controls.

The most abundant amino acid in plasma is Glutamic acid. It has been demonstrated that
Glutamic acid plays a role in cancer cell proliferation by providing carbon and nitrogen for
biosynthetic reactions. Multiple amino acid transporters, including ASCT2, are responsible
for Glutamic acid uptake by cancer cells. In some tumors, Glutamic acid absorption is also
significantly increased.”* Glutamic acid levels have decreased in breast cancer due to its role

in cancer cell proliferation via glutaminolysis, which reduces blood Glutamic acid levels.?!
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There are several amino acids that has significant difference in abundance between
stages of breast cancer as well (Table 7). ANOVA test between stages of breast cancer found
that serine, cystine, histidine, and leucine are significantly different between stages.
Contradict to our study, all three genes involved in the L: -serine biosynthesis pathway,
phosphoglycerate dehydrogenase (PHGDH), phosphoserine aminotransferase 1 (PSAT1), and
phosphoserine phosphatase (PSPH), were reported to be upregulated in the highly metastatic
variant, according to genome-wide gene expression profiling of this isogenic cell line pair.
High PHGDH and PSAT1 expression in primary breast cancer was related with lower
relapse-free and overall survival, as well as malignant phenotypic characteristics of breast
cancer.’®?” Meanwhile, we found lower level of serine in stage T4.

In this study, we found that leucine level is significantly lower in stage T3 and T4 of
breast cancer. There is a report of leucine aminopeptidase 3 (LAP3), an exopeptidase that
catalyzes the hydrolysis of leucine residues at the amino terminus of a protein or peptide
substrate, to be highly expressed in breast cancer tissues.”®*’ LAP3 is also implicated in
breast tumor cell proliferation, migration, invasion, and angiogenesis. It enhances breast
cancer cell motility and invasion by activating many signaling pathways.”

The amino acid profile is not only associated with breast cancer incidence, but also with
breast cancer risk factors. Age is a known risk factor with a significant mean value for
alanine, as well seen in our study, that patients with age above 40 years old has higher level
of Alanine. In previous study reported that Alanine levels increased with age and reached a
maximum between the ages of 40 and 55. This relationship was not linear, but rather U-
shaped and inverted.”® The parity risk factor was also significant for threonine (p=0.032),
alanine (p=0.022), and Glutamic acid (p=0.025). The significance of the risk factor for
menarche for the amino acid ornithine is 0.015. Ornithine decarboxylase (ODC), according to

Deng et al., regulates estrogen receptor alpha expression and breast cancer cell growth.>!
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The limitation of this study is the lack of research samples from each research subject, so
further research is needed with a larger sample size to obtain a clear significance between the
amino acid profile of breast cancer and its risk factors. Further research at the cellular level is

also needed to determine specifically the changes in amino acid profiles due to cancer.

CONSCLUSION

The amino acid profile of breast cancer patients differs from that of healthy controls and
correlated with breast cancer risk factors as well. Increasing of cysteine level can be used as
biomarker of breast cancer because it was found significantly higher in breast cancer patients,

especially in luminal A patients than healthy controls.
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326 TABLES

327  Table 1. Subjects’ characteristics

Characteristics Breast cancer patients  Healthy controls

Age 52.08 £8.42 y.0 41.65 + 12.46 y.0

Breast Cancer Stage

T4 5
T3 17
T2 18

Molecular Subtype

HER?2 positive 5
Luminal A 17
Luminal B 16
Triple Negative 2
Risk factors
Age: <40 years old 18 18
>40 years old 22 22
0-1 parity 10 13
Multiparity 30 27
Age of menarche: <12 y.o 31 10
>12y.0 9 30
328
329
330
331
332
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333  Table 2. Amino acid profiles of breast cancer patients and healthy control

Amino Acid Breast cancer patients  Healthy control p-value*
Mean £ SD Mean + SD
Aspartic acid 14.30 £ 8.34 17.12 £ 12.57 0.752
Arginine 142.52 £ 26.18 144.07 £29.52 0.804
Serine 98.77 £24.02 108.46 + 29.87 0.116
Glycine 286.02 + 94.56 300.50 £ 94.72 0.508
Cystine 62.95 £22.22 4551+ 15.24 0.000
Valin 235.85 £ 56.35 301.70 £ 60.58 0.000
Lysine 167.40 + 43.14 210.58 £ 52.88 0.000
Leucine 148.25 £ 61.10 163.92 £ 49.72 0.069
Histidine 80.30 £ 18.59 106.84 £21.46 0.000
Threonine 142.47 + 48.68 156.65 +49.48 0.191
Citrulline 32.17+£17.18 26.58 £ 13.04 0.117
Alanine 448.70 £ 117.89 511.70 £139.08 0.032
Ornithine 88.15 £ 28.39 130.10 + 44.76 0.000
Tyrosine 64.60 £ 24.18 76.61 £22.28 0.014
Median (IQR) Median (IQR) *k

Glutamic acid 74.00 (28.25) 87.00 (37.25) 0.026
Isoleucine 80.50 (39.50) 94.00 (39.25) 0.355
Methionine 22.50 (6.00) 29.00 (13.00) 0.000
Phenylalanine 88.00 (38.50) 69.00 (20.50) 0.000
Proline 129.00 (105.00) 242.00 (199.00) 0.000

334 * Utilizing independent sample t-test, significant at p-value<0.05
335  ** Utilizing the Mann-Whitney U test, significant at p-value<0.05



336  Table 3. Amino acid profiles of HER2 breast cancer vs control
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Amino Acid HER2 Control p-value
Mean * SD Mean £ SD *

Aspartic Acid 16.8+3.42 17.13£12.57 0.898
Serine 96.8+31.85 108.46+29.88 0.473
Threonine 179.4+87.69 154.82+50.15 0.572
Glycine 314.8+75.3 300.5+94.72 0.713
Cystine 54+£11.85 45.51+15.25 0.196
Citrulline 28.4+4.51 26.59+13.05 0.542
Alanine 438.24+65.5 511.7£139.08 0.076
Ornithine 73.4+12.93 130.1+44.76 <0.001
Histidine 84.4+18.5 106.85+21.47 0.054
Lysine 207.2+35.75 210.59+52.88 0.857
Arginine 144.8+28.04 144.08+29.52 0.959
Valine 227.2+46.93 301.7+£60.59 0.018
Tyrosine 58.6+14.36 76.62+22.28 0.044
Leucine 165.6+50.78 163.934+49.73 0.947
Median (IQR) Median (IQR) *k
Glutamic Acid 16 (25) 13 (33.75) 0.043
Proline 105 (56) 235.5(186.25) <0.001
Isoleucine 102 (46) 94 (37.75) 0.873
Methionine 25(3) 29 (12.5) 0.516
Phenylalanine 64 (6) 88 (37.5) 0.001

337  * Utilizing independent sample t-test, significant at p-value<0.05
338  ** Utilizing the Mann-Whitney U test, significant at p-value<0.05

339
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340  Table 4. Amino acid profiles of luminal A breast cancer vs control
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Amino Acid Luminal A Control p-value
Mean * SD Mean + SD *
Aspartic Acid 15.94+9.85 17.13£12.57 0.951
Serine 96.71+24.7 108.46+29.88 0.134
Threonine 140.88+35.17 154.82+50.15 0.241
Glycine 277.71+£74.62 300.5+£94.72 0.343
Cystine 73.24+20.73 45.51£15.25 <0.001
Citrulline 29.82+14.35 26.59+13.05 0.432
Alanine 488.12+111.66 511.7£139.08 0.503
Ornithine 92.35+31.29 130.1+44.76 0.001
Histidine 76.41420 106.85+21.47 <0.001
Lysine 170.71+42.53 210.59+52.88 0.005
Arginine 143.18+23.75 144.08+29.52 0.904
Valine 232.06+61.74 301.7+£60.59 <0.001
Tyrosine 62.47426.19 76.624+22.28 0.063
Leucine 170.18+79.81 163.93+49.73 0.768
Median (IQR) Median (IQR) *E
Glutamic Acid 69 (31) 13 (33.75) 0.116
Proline 135 (127) 235.5(186.25) 0.008
Methionine 23 (5) 94 (37.75) 0.005
Isoleucine 102 (78) 29 (12.5) 0.638
Phenylalanine 76 (23) 88 (37.5) 0.006

341  * Utilizing independent sample t-test, significant at p-value<0.05
342 ** Utilizing the Mann-Whitney U test, significant at p-value<0.05

343
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344  Table 5. Amino acid profiles of luminal B breast cancer vs control
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Amino Acid Luminal B Control p-value
Mean * SD Mean * SD *
Aspartic Acid 12.38+8.07 17.13+12.57 0.101
Serine 104.75+21.04 108.46+29.88 0.605
Threonine 141.5+40.76 154.82+50.15 0.312
Glycine 294.69+119.67 300.5+94.72 0.864
Cystine 56.88+23.65 45.51+15.25 0.091
Citrulline 36.38+21.83 26.59+13.05 0.110
Alanine 424+132.4 511.7£139.08 0.035
Ornithine 91.44+27.94 130.1+44.76 <0.001
Histidine 86.63+£13.97 106.85+21.47 <0.001
Lysine 155.75+39.43 210.59+52.88 <0.001
Arginine 144.5+28.07 144.08+29.52 0.960
Valine 246.31+53.78 301.7£60.59 0.002
Tyrosine 69.56+26.18 76.62+22.28 0.354
Leucine 125.19+27.07 163.93+49.73 <0.001
Median (IQR) Median (IQR) *k
Glutamic Acid 78.5+£14.63 13 (33.75) 0.200
Proline 149.56+86.52 235.5(186.25) 0.003
Methionine 23.44+15.97 94 (37.75) <0.001
Isoleucine 81.25+20.9 29 (12.5) 0.080
Phenylalanine 73.38+£16.23 88 (37.5) 0.001

345  * Utilizing independent sample t-test, significant at p-value<0.05
346  ** Utilizing the Mann-Whitney U test, significant at p-value<0.05

347
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349
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352

Table 6. Amino acid profiles of triple negative breast cancer vs control
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Amino Acid Triple Negative Control p-value
Mean + SD Mean + SD *

Aspartic Acid 542.83 17.13+12.57 0.013
Serine 73.5+10.61 108.46+29.88 0.059
Threonine 71.5+0.71 154.82+50.15 <0.001
Glycine 215.5+75.66 300.5+94.72 0.368
Cystine 46.5+10.61 45.51£15.25 0.921
Citrulline 28+22.63 26.59+13.05 0.945
Alanine 337.5+31.82 511.7£139.08 0.005
Ornithine 634+24.04 130.1+44.76 0.171
Histidine 52.5+16.26 106.85+21.47 0.138
Lysine 133+50.91 210.59+52.88 0.283
Arginine 116+35.36 144.08+29.52 0.469
Valine 206+80.61 301.7+60.59 0.346
Tyrosine 58+1.41 76.62+22.28 0.001
Leucine 103+9.9 163.93+49.73 0.002

* Utilizing independent sample t-test, significant at p-value<0.05
** Utilizing the Mann-Whitney U test, significant at p-value<0.05
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353  Table 7. Amino acid profiles of breast cancer patients according to stages
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Amino Acid Stages p-value
T2 T3 T4 *
Mean + SD Mean + SD Mean + SD
Aspartic Acid 18.24+8.04 12.18+8.2 9.245.12 0.086
Serine 91.83£24.03 110.18422.38 85+12.79 0.026
Threonine 144.78+53.31  149.65+44.69 109.8+38.19 0.270
Glycine 289.44+80.46  304.59+111.12  210.6+40.69 0.145
Cystine 66.56+17.03 65.76+26.4 40.4+8.32 0.048
Citrulline 30.72+12.73 34.65+21.65 29+16.36 0.732
Alanine 488+105.65  407.76+123.48 446.4+114.03 0.131
Ornithine 86.11+£27.22 86.41+25.44 101.4+43.28 0.549
Histidine 74.72+18.05 88.88+16.13 71.2+19.77 0.036
Lysine 179.94+£42.39  158.59+44.27 152.2+36.72 0.246
Arginine 139.83+23.28  146.82+29.08 137.8+£29.35 0.678
Valine 227.67454.02  234.41451.52 270.2+78.47 0.333
Methionine 24.17+5.11 23.29+15.49 20+3.08 0.749
Tyrosine 61.174+25.67 63.24+20.88 81.6+27.2 0.241
Isoleucine 108.67+54.25 83.53+£27.46 85+25.35 0.189
Leucine 174.94+76.65 125.06+34.3 131+£29.27 0.039
Phenylalanine ~ 72.11£14.21 72.59+15.57 75.4+15.39 0.909
Median (IQR) Median (IQR) Median (IQR) ok

Glutamic Acid 64 (24.75) 78 (26) 74 (13) 0.199
Proline 133 (77) 133 (136) 111 (34) 0.289
Methionine 24.5 (5.11) 20 (6) 20(2) 0.042
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Amino Acid Stages p-value

T2 T3 T4 *

Mean = SD Mean = SD Mean + SD

Isoleucine 103.5 (49.75) 121 (28) 79 (18) 0.335

Phenylalanine 67 (18.75) 71 (18) 74 (21) 0.859

354  * Utilizing ANNOVA, significant at p-value<0.05
355  ** Utilizing the Kruskal-Wallis test, significant at p-value<0.05
356
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Table 8. Amino acid profiles of breast cancer risk factors

M2022190 - Profile of Plasma Amino Acid from Breast Cancer Patients

Amino Acid Age Parities Menarche Age Family History
>40y.o <40 y.o 0-1 Multiparities <12y.o >12y.o0 Yes No
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean = SD Mean + SD
Aspartic acid 13.29 £8.13 18.66 £ 12.66 16.72 £12.91 15.32£9.82 14.84 £9.87 15.88 £10.91 14.13+12.45 14.52+7.3

Arginine
Serine
Glycine
Cystine
Valin

Lysine

Leucine

Histidine

Threonine

Citrulline

Alanine

143.79 £31.71

102.31 £27.29

294.55 £106.29

57.11+£21.91

263.00 £ 68.57

183.38 £57.15

152.56 £ 59.14

94.84 £24.12

143.38 £43.14

29.36 £17.54

450.45* £ 126.55

142.69 £22.37

105.11 £27.70

291.25£78.60

50.85+19.32

275.83 £65.08

195.42 £46.14

160.38 £52.18

91.60 +24.05

157.14 £ 55.93

29.48 £12.56

516.55 +131.00

140.36 £ 28.58
100.57 £28.19
285.23 £78.38
51.95+24.31
266.90 £ 68.41

185.47 £46.46

148.27 £40.70

89.19 +22.47
170.30% + 53.15
(p=0.032)
27.04 +12.57

534.72*% £ 142.77

144.41 £28.70

104.63 £27.18

295.96 £100.01

55.20+19.69

269.48 £ 66.92

189.89 +54.96

159.05 £60.73

94.93 £24.53

142.17 £46.16

30.27+£16.37

459.51 £122.65

146.69 £25.40

112.69 £37.21

338.69 £117.29

51.61 £18.30

286.84 £90.08

202.30 £59.71

169.30 £76.53

100.76 £24.92

164.92 £50.59

27.23 £18.69

494.07 £165.52

142.64 £ 28.30

101.75 £24.92

270.75+79.92

59.13+17.64

265.26 £61.70

186.04 = 51.14

153.52 £51.33

79.13+£22.52

146.27 £ 48.80

29.84 + 14.85

477.50 £ 125.77

131.75423.17
92.75+16.78
289.84+98.66
63.91423.38
207.25+42.31
136.75+41.78
(p=0.040)
110.88+22.88
(p=0.002)

80.59+17.89

114.5+41.04
39.63+28.33

366.5+£79.79

145.25426.53

100.28+25.51

289.84+98.66

63.91+23.38

243+57.68

175.06+40.56

157.59+64.25

100.28+25.51

149.47+48.46

30.31+13.13

469.25+117.76
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Amino Acid Parities Menarche Age Family History
>40y.o <40 y.o 0-1 Multiparities <12y.o >12y.o0 Yes No
(p=0.025) (p=0.022) (p=0.010)
Ornithine 107.25 £ 46.60 110.88 £37.83 105.61 £44.09 110.03 £42.53 135.07 £ 54.41 103.69* + 38.45
(p=0.015) 86.38+29.93 88.59+28.48
Tyrosine 68.20 £ 22.34 73.45+£25.74 71.14 £25.54 70.31+£23.89 78.92 £24.40 68.87 £23.63 64.13+24.68 64.72+24.46
Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Glutamic acid 80.50 (29.00) 73.50 (40.25) 66.50%* (28.75) 84.50 (32.00) 78.00 (28.50) 78.00 (33.00) 74 (25.75) 76 (26.25)
(p=0.025)
Isoleucine 82.50(32.25) 99.00 (45.75) 84.00 (44.50) 91.00 (39.25) 91.00 (44.50) 87.00 (39.00) 66.5 (13.25) 91 (45.5)
(p=0.021)
Methionine 23.50 (9.00) 26.00 (12.00) 26.00 (15.50) 24.00 (9.25) 26.00 (20.50) 24.00 (9.50) 19 (3.75) 23 (5.25)
(p=0.028)
Phenylalanine 77.00 (26.00) 83.50 (31.00) 84.00 (28.00) 79.00 (25.50) 88.00 (50.00) 79.00 (24.00) 68.5(17.25) 69 (19.75)
Proline 171.00 (148.00) 176.00 (200.00) 162.50 (225.50) 176.00 (149.50)  195.50 (174.75) 165.00 (157.00) 188.5(104.75) 115 (63.75)

* Utilizing independent sample t-test, significant at p-value<0.05

** Utilizing the Mann-Whitney U test, significant at p-value<0.05
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Distribution and Profiling of Amino Acids in Breast Cancer Patients

ABSTRACT

Background: Amino acids are important for proliferation and maintenance of tumor cells.
Breast cancer patients were found to have significant changes in the number of amino acids,
which are assumed to be correlated with the molecular subtypes of breast cancer. Therefore,
current study was conducted to analyze plasma amino acids in breast cancer patients with
luminal A and B subtypes.

Methods: Breast cancer and control subjects were recruited, and venous blood was collected
for the measurement of plasma amino acids. Total 19 plasma amino acids were measured
using reverse-phase high-performance liquid chromatography with C18 column. Mean
comparison for normally distributed and homogeneous data was further analzyed using
independent sample T-test, with p<0.05 was considered as significant.

Results: From total 19 amino acids, only 7 amino acids; cysteine, glutamic acid, histidine,
ornithine, threonine, tyrosine, valine, were statistically different between the healthy control
and breast cancer subjects. Eventhough no amino acids was found to be statistically different
between breast cancer subjects with luminal A and B subtypes, but some amino acids were
found to be significantly different when correlated to various breast cancer risk factors.
Conclusion: Amino acid profile of patients with Luminal A and Luminal B subtypes of
breast cancer differs compared to healthy controls and is also correlated with breast cancer
risk factors. Increase in cysteine level in Luminal A subtype patients and decrease of alanine
and leucine in Luminal B subtype patients can be used as a biomarker.

Keywords: amino acid, plasma, breast cancer, risk factor, biomarker
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INTRODUCTION

Breast cancer is the most common type of cancer in women.(1-3) Based on data of the
International Agency for Research on Cancer, breast cancer was ranked as the second highest
incidence cancer in the world. Breast cancer was the leading cause of cancer death among
women.(4-6) Around 2.3 million cases were recorded by Global Cancer Observatory in 2020,
representing the fifth cause of cancer-related mortality. Breast cancer cases in Asia were
higher than those in any other continent, especially in the South East Asian region.(7) By
2020, breast cancer continued as the most common cancer in women (30.8%) and the leading
cause of death in Indonesia (15.3%).(8,9)

Development of breast cancer is influenced by several risk factors such as age, genetic
and family history, BRCA mutation, first menstrual history, low parity, hormone usage
history and hormone replacement therapy. The incidence of breast cancer also increases in
the group of women aged >40 years.(9) Obesity has been reported to be associated with the
development of breast cancer as well. Aromatization of adrenal androgen into estrogen at
adipose tissue affected the development of breast cancer.(10,11)

Amino acids, essential nutrients in all living cells, are important for the proliferation and
maintenance of tumor cells. Since tumor cells proliferate more rapidly, they need more
amount of amino acids than the normal cells.(12) Interestingly, breast cancer cells limit the
use of amino acids for cell proliferation based on amino acid availability, which depends on
estrogenic receptor status.(13) Compared to the control group, breast cancer patients were
found to have significant changes in the number of amino acids. An increase in the branched-
chain group of essential and non-essential amino acids was reported, namely leucine,
phenylalanine, aspartic acid, taurine, and lysine, among others.(11,14)

Tumor-dependent increase of serum amino acid levels has been reported to be correlated

with molecular subtypes of breast cancer.(15) Therefore it is crucial to investigate further the
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amino acid in order to find potential biomarker for breast cancer. Current study was
conducted to analyze plasma amino acids of breast cancer patients with luminal A and B

subtypes.

METHODS

Study Design and Subject Recruitment

Patients of Dr. Cipto Mangunkusumo National Central General Hospital in January to March
2020, aged >18-year-old with complete medical, histopathological and immunohistochemical
results for breast cancer were recruited. All study subjects read, comprehended, and signed
the written informed consents. This research protocol was approved by the Ethical
Committee of Faculty of Medicine, Universitas Indonesia (#20-08-0877).

Amino Acid Profiling

For examination of amino acid, subjects fasted for at least 8 hours and then 2.5 mL of venous
blood was collected and processed to obtain plasma. For the measurement of amino acids
(alanine, arginine, aspartic acid, citrulline, cysteine, glutamic acid, glycine, histidine,
isoleucine, leucine, lysine, methionine, ornithine, phenylalanine, proline, serine, threonine,
tyrosine and valine), the plasma was separated and analyzed using reverse-phase high-
performance liquid chromatography (HPLC) (Waters 2695, Framingham, MA, USA) with
C18 column. The solvent were 0.1M ammonium acetate pH 6.8 in acetonitrile, methanol, and
water in composition of 44:10:46, respectively.(14,16)

Statistical Analysis

Data analysis was performed with SPSS version 25.0 (IBM Corporation, Armonk, New
York, USA). Normality test was performed by using Shapiro-Wilk test. Normally distributed
and homogeneous data were further analyzed for mean comparison with independent sample

T-test. A p-value<0.05 was considered as significant.
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RESULTS

Subject Characteristics

Twenty-eight breast cancer and 29 healthy women were included in this study. Breast cancer
subjects were characterized by breast cancer subtype, breast cancer stage, age, age of
menarche, parity and family cancer history (Table 1). Most breast cancer subjects were
having luminal A and B subtypes, T2 and T3 stages, age of >40 years, age of menarche of
>12 years, multiparity and no family cancer history. Meanwhile, most healthy control
subjects were having age of >40 years, age of menarche of >12 years, multiparity and no
family cancer history as well.

Amino Acid Profiles of Healthy Control and Breast Cancer Subjects

Amino acid profile distribution of 28 healthy control subjects was normal and homogeneous
for 13 amino acids (alanine, arginine, cysteine, glutamic acid, glycine, histidine, isoleucine,
leucine, ornithine, phenylalanine, serine, threonine, tyrosine, valine) (Table 2). Based on
these 13 amino acids of healthy control subjects, the amino acid profile distribution of 29
breast cancer subjects was further analyzed. Twelve amino acids were found normally
distributed and homogeneous (alanine, arginine, cysteine, glutamic acid, histidine, isoleucine,
leucine, ornithine, serine, threonine, tyrosine, valine) (Table 3).

Among the normally distributed and homogeneous 12-amino-acids of breast cancer
subjects, 7 amino acids (cysteine, glutamic acid, histidine, ornithine, threonine, tyrosine,
valine) were statistically different between the healthy control and breast cancer subjects
(Figure 1). However, the 7-amino-acids were not statistically different between breast cancer
subjects with luminal A and B subtypes (Figure 2). When the 7-amino-acids data of breast

cancer subjects with luminal A and B subtypes were correlated with cancer stage, the
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glutamic acid was found statistically different between T2 and T3 of breast cancer subjects
with luminal B subtype (Figure 3).

Amino Acid Profiles of Breast Cancer Subjects with Cancer Risk Factors

When correlated with age, the ornithine was found statistically different between age of <40
and >40 years of breast cancer subjects with luminal B subtype (Figure 4A). When correlated
with age of menarche, the glutamic acid was found statistically different between age of
menarche of <12 and >12 years of breast cancer subjects with luminal B subtype (Figure 4B).
When correlated with parity, the glutamic acid, histidine and valine were found statistically
different between 0-1 parity and multiparity of breast cancer subjects with luminal A subtype
(Figure 4C). When correlated with family cancer history, the glutamic acid was found
statistically different between breast-cancer-luminal-A-subtype subjects with and without
family cancer history (Figure 5A). In addition, valine was found statistically different
between breast-cancer-luminal-B-subtype subjects with and without family cancer history

(Figure 5B).

DISCUSSIONS

Amino acids are essential nutrients in all living cells and are important for the proliferation
and maintenance of tumor cells.(12) Oncogenesis depends on amino acids, the building
blocks for protein synthesis, as well as energy sources and metabolites. Due to their
accelerated growth, cancer cells will also require a greater quantity of amino acids than
normal cells.(12,17) There was a statistically significant difference between subjects with
breast cancer and healthy controls in terms of the amino acid cystine (p=0.001). Cystine is an
amino acid derived from homocysteine that plays a role in nucleotide methylation and DNA
synthesis. As an inhibitor of the methyltransferase enzyme, plasma concentrations of cystine

rise during folic acid deficiency. This renders ineffective -processes of DNA methylation and
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regulation of gene expression, which contribute to oncogenesis at the genetic level and
initiate cancer.(18) Increased cystine proteinases such as cathepsin B and L activities have
been observed as well in a variety of human and animal malignant tumors, which may be due
to changes in their expression, activation and processing, intracellular trafficking, as well as
declining regulation of these proteinases due to decreased expression and activity of their
endogenous inhibitors.(19)

Through the production of alpha-ketoglutarate, alanine plays a role in the formation of
extracellular matrix in metastatic breast cancer.(20) The breast cancer proliferative pathway
inhibits the enzyme GPT2 (alanine transaminotransferase-2) that produces alanine from
glutamate and pyruvate.(21) This is associated with a decrease in the average amount of
alanine in breast cancer subject compared to healthy controls.

In this study, we found that leucine level is significantly decreased in breast cancer
subjects than the healthy control. The lower level of leucine level might be due to highly
expressed of leucine aminopeptidase 3 (LAP3) in breast cancer tissues. LAP3 is an
exopeptidase that catalyzes the hydrolysis of leucine residues at the amino terminus of a
protein or peptide substrate.(22,23) LAP3 is also implicated in breast tumor cell proliferation,
migration, invasion, and angiogenesis. It enhances breast cancer cell motility and invasion by
activating many signaling pathways.(23)

The amino acid profile is not only associated with breast cancer incidence, but also with
breast cancer risk factors.(24) The multiparities risk factor was significant for the increasing
of glutamic acid and histidine levels in breast cancer subject with luminal B. The age risk
factor was significant for the increasing of ornithine level in breast cancer subject with
luminal B. As for the age of menarche, glutamic acid level was significant increased in breast

cancer subject with luminal B.
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In this study, we found that breast cancer subjects with luminal A and B did not show
significant difference for several amino acids. This study lacks of research samples from each
research subject, so further research is needed with a larger sample size to obtain a clear
significance between the amino acid profile of breast cancer and its risk factors. Further
research at the cellular level is also needed to determine specifically the changes in amino

acid profiles due to cancer.

CONCLUSION

The amino acid profile of patients with Luminal A and Luminal B subtypes of breast cancer
differs compared to healthy controls and is also correlated with breast cancer risk factors. An
increase in cysteine level in Luminal A subtype patients and the decrease of alanine and

leucine in Luminal B subtype patients can be used as a biomarker.
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Table 1. Characteristics of breast cancer and control subjects.

Breast Cancer
& S (a=29) Healthy Controls
HER?2 Positive Subtype Luminal A Subtype Luminal B Subtype Triple Negative Subtype (1=28)
(n=4) (0=10) (0=13) (n=2)

Breast Cancer Stage

T2 3(75%) 4. (40%) 4 (30.8%) 2 (100%)

T 1(25%) 5 (50%) 7 (53.8%) 0 (0%)

T4 0(0%) 1(10%) 2 (154%) 0 (0%)
Age (year)

<40 0(0%) 1 (10%) 3(23.1%) O (0%) 11 (39.3%)

240 4 (100%) 9 (90%) 10 (76.9%) 2 (100%) 17 (60.7%)
Age of Menarche (year)

<12 1(25%) 0 (0%) 2 (15.4%) 0 (0%) 8 (28.6%)

212 3(75%) 10 (100%) 11 (84.6%) 2 (100%) 20 (71.4%)
Parity

(-1 parity 1 (25%) 4 (40%) 1(7.7%) O (0%} 10 (35.7%)

Multiparity 3(75%) 6 (60%) 12(92.3%) 2 (100%) 18 (64.3%)
Family Cancer History

No 4 (100%) 8 (80%) 11 (84.6%) 0(0%) 18 (64.3%)

Yos 0 (0%) 2 (20%) 2 (15.4%) 2 (100%) 10 (35.7%)

Table 2. Distribution and normality test of control subjects (n=28).

. . L - value
No.  Amino Acid Distribution (Range) Norl:na 1l mean+SD

1 Alanine 298-841 0.459% 507.79+13091
2 Arginine 88-206 0.756* 144.14£30.18
3 Aspartic Acid 2-46 0.017 2

4 Citrulline 11-86 0.002 -

5  Cysteine 20-74 0.064%* 43 43+14.98
6  Glutamic Acid 53-140 0.471%* 85.93+£21.22
7 Glycine 151-527 0.173* 292.43+83.497
8  Histidine 66-152 0.862* 105.89=20.91
9  Isoleucine 42-145 0.659* 89.54+23.50
10 Leucine 96-262 0.179*% 156.54+36.91
11 Lysine 136-356 0.013 -

12 Mcthionine 17-206 0.000 -

13 Ornithine 57-220 0.449% 125.50+£37.40
14 Phenylalanine 58-128 0.031 -

15 Proling 77-657 0.001 -

16 Serine 59-151 0.736* 103.68+24.64
17  Threonine 88-270 0.601% 162.61+48.60
18  Tyrosine 49-133 0.066* 75.89+19.02
19  Valine 198-399 0.713# 290.79+49.02

*Normality test with Saphiro-Wilk. Data is distributed normally if p>0.05.

11
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248  Table 3. Distribution and normality test of breast cancer subjects (n=29).

p-value

No. Amino Acid Distribution (Range mean=SD
(Rangc) Normality Test
1 Alanine 154-665 0.825% 444 55=115.55
2 Arginine 91-211 0.524% 142.66+27.40
3 Cysteine 20-113 (.387* 58.62=18.53
4 Glutamic Acid 49-101 0.157% 73.69+15.72
5  Glycine 162-623 0.001 -
6  Histidine 41-115 0.972# 79.86+17.56
7  Isoleucine 50-136 0.158* 86.24+22.75
8  Leucine 75-222 0.455% 137.72+37.05
9 Ornithine 33-133 0.897* 85.14+25.09
10 Serine 64-132 0.159* 96.76+20.08
11 Threonine 71-197 0.530%* 133.72£32.68
12 Tyrosine 23-96 0.184* 59.03£16.26
13 Valine 149-326 0.461* 229.24+49.10
249 - - - - - - - -
250  *Normality test with Saphiro-Wilk. Data is distributed normally if p>0.05.
251
252
253
254
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p-0.058 . Breast Cancer
D Healthy Control
600
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=
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2 400
E p=0.000*
E w |
= 0.012%
p0.012
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S s I -0.000% [
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256  Figure 1. Mean comparison of 12 amino acids between breast cancer (n=29) and control
257  (n=28) subjects. *Mean comparison test with Independent T-test. Data is considered

258  significant if p<0.05.
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[ Luminal A
p=0.256 Luminal B

Glutamic Acid

p=0.762
p=0.780
=0.112
p | p=0247
Histidine Ornithine Threonine Tyrosine Valine
Amino Acid

Figure 2. Mean comparison of 7 amino acid between Luminal A (h=10) and Luminal B
(n=13) subjects. *Mean comparison test with Independent T-test. Data is considered
significant if p<0.05.
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p=0.930 T2
M
p=0.304
p=0.379 [
p=0.244 p=0.778 p=0.976
I I p=0.757
Cysteine  Glutamic Acid  Histidine Omithine Threonine Tyrosine Valine
Amino Acid
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p=0.950 - T3
p=0.744
_ p=0.158
E p=0.819
p=0.868 p=0.047* p=0.200
I i ' I
Cysteine  Glutamic Acid  Histidine Ornithine Threonine Tyrosine Valine
Amino Acid

Figure 3. Mean comparison of 7 amino acid between T2 and T3 cancer stage. A: T2

cancer stage (n=4) vs T3 cancer stage (n=5) in Luminal A subjects. B: T2 cancer stage (n=4)
vs T3 cancer stage (n=7) in Luminal B subjects. *Mean comparison test with Independent T-
test. Data is considered significant if p<0.05.
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274
275  Figure 4. Mean comparison of 7 amino acid based on various risk factors (age, age of

276  menarche, and parity). A: Based on age <40 years old (n=3) vs age >=40 years ol (n=10) in
277  Luminal B subjects. B: Based on age of menarche <12 years old (n=2) vs age of menarche
278  >=12 years old (n=11) in Luminal B subjects. C: Based on 0-1 parity (n=4) vs multiparity
279  (n=6) in Luminal A subjects. *Mean comparison test with Independent T-test. Data is

280  considered significant if p<0.05.
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284  Figure 5. Mean comparison of 7 amino acid between subjects with and without family
285  Ca history. A: Family Ca history in Luminal A subjects (No=8; Yes=2). B: Family Ca

286  history in Luminal B subjects (No=11; Yes=2). *Mean comparison test with Independent T-
287  test. Data is considered significant if p<0.05.
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Amino Acid Profile of Luminal A and B Subtypes Breast Cancer

ABSTRACT

Background: Amino acids are important for proliferation and maintenance of tumor cells.
Breast cancer patients were found to have significant changes in the number of amino acids,
which are assumed to be correlated with the molecular subtypes of breast cancer. Therefore,
current study was conducted to analyze plasma amino acids in breast cancer patients with
luminal A and B subtypes.

Methods: Breast cancer and control subjects were recruited, and venous blood was collected
for the measurement of plasma amino acids. Total 19 plasma amino acids were measured
using reverse-phase high-performance liquid chromatography with C18 column. Mean
comparison for normally distributed and homogeneous data was further analzyed using
independent sample T-test, with p<0.05 was considered as significant.

Results: From total 19 amino acids, only 7 amino acids; cysteine, glutamic acid, histidine,
ornithine, threonine, tyrosine, valine, were statistically different between the healthy control
and breast cancer subjects. Eventhough no amino acids was found to be statistically different
between breast cancer subjects with luminal A and B subtypes, but some amino acids were
found to be significantly different when correlated to various breast cancer risk factors.
Conclusion: Amino acid profile of patients with Luminal A and B subtypes of breast cancer
differs compared to healthy controls and is also correlated with breast cancer risk factors.
Increase in cysteine level in Luminal A subtype patients and decrease of alanine and leucine
in Luminal B subtype patients can be used as a biomarker.

Keywords: amino acid, plasma, breast cancer, risk factor, biomarker
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INTRODUCTION

Breast cancer is the most common type of cancer in women.(1-3) Based on data of the
International Agency for Research on Cancer, breast cancer was ranked as the second highest
incidence cancer in the world. Breast cancer was the leading cause of cancer death among
women.(4-6) Around 2.3 million cases were recorded by Global Cancer Observatory in 2020,
representing the fifth cause of cancer-related mortality. Breast cancer cases in Asia were
higher than those in any other continent, especially in the South East Asian region.(7) By
2020, breast cancer continued as the most common cancer in women (30.8%) and the leading
cause of death in Indonesia (15.3%).(8,9)

Development of breast cancer is influenced by several risk factors such as age, genetic
and family history, BRCA mutation, first menstrual history, low parity, hormone usage
history and hormone replacement therapy. The incidence of breast cancer also increases in
the group of women aged >40 years.(9) Obesity has been reported to be associated with the
development of breast cancer as well. Aromatization of adrenal androgen into estrogen at
adipose tissue affected the development of breast cancer.(10,11)

Amino acids, essential nutrients in all living cells, are important for the proliferation and
maintenance of tumor cells. Since tumor cells proliferate more rapidly, they need more
amount of amino acids than the normal cells.(12) Interestingly, breast cancer cells limit the
use of amino acids for cell proliferation based on amino acid availability, which depends on
estrogenic receptor status.(13) Compared to the control group, breast cancer patients were
found to have significant changes in the number of amino acids. An increase in the branched-
chain group of essential and non-essential amino acids was reported, namely leucine,
phenylalanine, aspartic acid, taurine, and lysine, among others.(11,14)

Tumor-dependent increase of serum amino acid levels has been reported to be correlated

with molecular subtypes of breast cancer.(15) Therefore it is crucial to investigate further the
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amino acid in order to find potential biomarker for breast cancer. Current study was
conducted to analyze plasma amino acids of breast cancer patients with luminal A and B

subtypes.

METHODS

Study Design and Subject Recruitment

Patients of Dr. Cipto Mangunkusumo National Central General Hospital in January to March
2020, aged >18-year-old with complete medical, histopathological and immunohistochemical
results for breast cancer were recruited. All study subjects read, comprehended, and signed
the written informed consents. This research protocol was approved by the Ethical
Committee of Faculty of Medicine, Universitas Indonesia (#20-08-0877).

Amino Acid Profiling

For examination of amino acid, subjects fasted for at least 8 hours and then 2.5 mL of venous
blood was collected and processed to obtain plasma. For the measurement of amino acids
(alanine, arginine, aspartic acid, citrulline, cysteine, glutamic acid, glycine, histidine,
isoleucine, leucine, lysine, methionine, ornithine, phenylalanine, proline, serine, threonine,
tyrosine and valine), the plasma was separated and analyzed using reverse-phase high-
performance liquid chromatography (HPLC) (Waters 2695, Framingham, MA, USA) with
C18 column. The solvent were 0.1M ammonium acetate pH 6.8 in acetonitrile, methanol, and
water in composition of 44:10:46, respectively.(14,16)

Statistical Analysis

Data analysis was performed with SPSS version 25.0 (IBM Corporation, Armonk, New
York, USA). Normality test was performed by using Shapiro-Wilk test. Normally distributed
and homogeneous data were further analyzed for mean comparison with independent sample

T-test. A p-value<0.05 was considered as significant.
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RESULTS

Subject Characteristics

Twenty-eight breast cancer and 29 healthy women were included in this study. Breast cancer
subjects were characterized by breast cancer subtype, breast cancer stage, age, age of
menarche, parity and family cancer history (Table 1). Most breast cancer subjects were
having luminal A and B subtypes, T2 and T3 stages, age of >40 years, age of menarche of
>12 years, multiparity and no family cancer history. Meanwhile, most healthy control
subjects were having age of >40 years, age of menarche of >12 years, multiparity and no
family cancer history as well.

Amino Acid Profiles of Healthy Control and Breast Cancer Subjects

Amino acid profile distribution of 28 healthy control subjects was normal and homogeneous
for 13 amino acids (alanine, arginine, cysteine, glutamic acid, glycine, histidine, isoleucine,
leucine, ornithine, phenylalanine, serine, threonine, tyrosine, valine) (Table 2). Based on
these 13 amino acids of healthy control subjects, the amino acid profile distribution of 29
breast cancer subjects was further analyzed. Twelve amino acids were found normally
distributed and homogeneous (alanine, arginine, cysteine, glutamic acid, histidine, isoleucine,
leucine, ornithine, serine, threonine, tyrosine, valine) (Table 3).

Among the normally distributed and homogeneous 12-amino-acids of breast cancer
subjects, 7 amino acids (cysteine, glutamic acid, histidine, ornithine, threonine, tyrosine,
valine) were statistically different between the healthy control and breast cancer subjects
(Figure 1). However, the 7-amino-acids were not statistically different between breast cancer
subjects with luminal A and B subtypes (Figure 2). When the 7-amino-acids data of breast

cancer subjects with luminal A and B subtypes were correlated with cancer stage, the
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glutamic acid was found statistically different between T2 and T3 of breast cancer subjects
with luminal B subtype (Figure 3).

Amino Acid Profiles of Breast Cancer Subjects with Cancer Risk Factors

When correlated with age, the ornithine was found statistically different between age of <40
and >40 years of breast cancer subjects with luminal B subtype (Figure 4A). When correlated
with age of menarche, the glutamic acid was found statistically different between age of
menarche of <12 and >12 years of breast cancer subjects with luminal B subtype (Figure 4B).
When correlated with parity, the glutamic acid, histidine and valine were found statistically
different between 0-1 parity and multiparity of breast cancer subjects with luminal A subtype
(Figure 4C). When correlated with family cancer history, the glutamic acid was found
statistically different between breast-cancer-luminal-A-subtype subjects with and without
family cancer history (Figure 5A). In addition, valine was found statistically different
between breast-cancer-luminal-B-subtype subjects with and without family cancer history

(Figure 5B).

DISCUSSIONS

Amino acids are essential nutrients in all living cells and are important for the proliferation
and maintenance of tumor cells.(12) Oncogenesis depends on amino acids, the building
blocks for protein synthesis, as well as energy sources and metabolites. Due to their
accelerated growth, cancer cells will also require a greater quantity of amino acids than
normal cells.(12,17) There was a statistically significant difference between subjects with
breast cancer and healthy controls in terms of the amino acid cystine (p=0.001). Cystine is an
amino acid derived from homocysteine that plays a role in nucleotide methylation and DNA
synthesis. As an inhibitor of the methyltransferase enzyme, plasma concentrations of cystine

rise during folic acid deficiency. This renders ineffective -processes of DNA methylation and
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regulation of gene expression, which contribute to oncogenesis at the genetic level and
initiate cancer.(18) Increased cystine proteinases such as cathepsin B and L activities have
been observed as well in a variety of human and animal malignant tumors, which may be due
to changes in their expression, activation and processing, intracellular trafficking, as well as
declining regulation of these proteinases due to decreased expression and activity of their
endogenous inhibitors.(19)

Through the production of alpha-ketoglutarate, alanine plays a role in the formation of
extracellular matrix in metastatic breast cancer.(20) The breast cancer proliferative pathway
inhibits the enzyme GPT2 (alanine transaminotransferase-2) that produces alanine from
glutamate and pyruvate.(21) This is associated with a decrease in the average amount of
alanine in breast cancer subject compared to healthy controls.

In this study, we found that leucine level is significantly decreased in breast cancer
subjects than the healthy control. The lower level of leucine level might be due to highly
expressed of leucine aminopeptidase 3 (LAP3) in breast cancer tissues. LAP3 is an
exopeptidase that catalyzes the hydrolysis of leucine residues at the amino terminus of a
protein or peptide substrate.(22,23) LAP3 is also implicated in breast tumor cell proliferation,
migration, invasion, and angiogenesis. It enhances breast cancer cell motility and invasion by
activating many signaling pathways.(23)

The amino acid profile is not only associated with breast cancer incidence, but also with
breast cancer risk factors.(24) The multiparities risk factor was significant for the increasing
of glutamic acid and histidine levels in breast cancer subject with luminal B. The age risk
factor was significant for the increasing of ornithine level in breast cancer subject with
luminal B. As for the age of menarche, glutamic acid level was significant increased in breast

cancer subject with luminal B.
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In this study, we found that breast cancer subjects with luminal A and B did not show
significant difference for several amino acids. This study lacks of research samples from each
research subject, so further research is needed with a larger sample size to obtain a clear
significance between the amino acid profile of breast cancer and its risk factors. Further
research at the cellular level is also needed to determine specifically the changes in amino

acid profiles due to cancer.

CONCLUSION

The amino acid profile of patients with Luminal A and B subtypes of breast cancer differs
compared to healthy controls and is also correlated with breast cancer risk factors. An
increase in cysteine level in Luminal A subtype patients and the decrease of alanine and

leucine in Luminal B subtype patients can be used as a biomarker.
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Table 1. Characteristics of breast cancer and control subjects.

Breast Cancer
& S (a=29) Healthy Controls
HER?2 Positive Subtype Luminal A Subtype Luminal B Subtype Triple Negative Subtype (1=28)
(n=4) (0=10) (0=13) (n=2)

Breast Cancer Stage

T2 3(75%) 4. (40%) 4 (30.8%) 2 (100%)

T 1(25%) 5 (50%) 7 (53.8%) 0 (0%)

T4 0(0%) 1(10%) 2 (154%) 0 (0%)
Age (year)

<40 0(0%) 1 (10%) 3(23.1%) O (0%) 11 (39.3%)

240 4 (100%) 9 (90%) 10 (76.9%) 2 (100%) 17 (60.7%)
Age of Menarche (year)

<12 1(25%) 0 (0%) 2 (15.4%) 0 (0%) 8 (28.6%)

212 3(75%) 10 (100%) 11 (84.6%) 2 (100%) 20 (71.4%)
Parity

(-1 parity 1 (25%) 4 (40%) 1(7.7%) O (0%} 10 (35.7%)

Multiparity 3(75%) 6 (60%) 12(92.3%) 2 (100%) 18 (64.3%)
Family Cancer History

No 4 (100%) 8 (80%) 11 (84.6%) 0(0%) 18 (64.3%)

Yos 0 (0%) 2 (20%) 2 (15.4%) 2 (100%) 10 (35.7%)

Table 2. Distribution and normality test of control subjects (n=28).

. . L - value
No.  Amino Acid Distribution (Range) Norl:na 1l mean+SD

1 Alanine 298-841 0.459% 507.79+13091
2 Arginine 88-206 0.756* 144.14£30.18
3 Aspartic Acid 2-46 0.017 2

4 Citrulline 11-86 0.002 -

5  Cysteine 20-74 0.064%* 43 43+14.98
6  Glutamic Acid 53-140 0.471%* 85.93+£21.22
7 Glycine 151-527 0.173* 292.43+83.497
8  Histidine 66-152 0.862* 105.89=20.91
9  Isoleucine 42-145 0.659* 89.54+23.50
10 Leucine 96-262 0.179*% 156.54+36.91
11 Lysine 136-356 0.013 -

12 Mcthionine 17-206 0.000 -

13 Ornithine 57-220 0.449% 125.50+£37.40
14 Phenylalanine 58-128 0.031 -

15 Proling 77-657 0.001 -

16 Serine 59-151 0.736* 103.68+24.64
17  Threonine 88-270 0.601% 162.61+48.60
18  Tyrosine 49-133 0.066* 75.89+19.02
19  Valine 198-399 0.713# 290.79+49.02

*Normality test with Saphiro-Wilk. Data is distributed normally if p>0.05.

11
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248  Table 3. Distribution and normality test of breast cancer subjects (n=29).

p-value

No. Amino Acid Distribution (Range mean=SD
(Rangc) Normality Test
1 Alanine 154-665 0.825% 444 55=115.55
2 Arginine 91-211 0.524% 142.66+27.40
3 Cysteine 20-113 (.387* 58.62=18.53
4 Glutamic Acid 49-101 0.157% 73.69+15.72
5  Glycine 162-623 0.001 -
6  Histidine 41-115 0.972# 79.86+17.56
7  Isoleucine 50-136 0.158* 86.24+22.75
8  Leucine 75-222 0.455% 137.72+37.05
9 Ornithine 33-133 0.897* 85.14+25.09
10 Serine 64-132 0.159* 96.76+20.08
11 Threonine 71-197 0.530%* 133.72£32.68
12 Tyrosine 23-96 0.184* 59.03£16.26
13 Valine 149-326 0.461* 229.24+49.10
249 - - - - - - - -
250  *Normality test with Saphiro-Wilk. Data is distributed normally if p>0.05.
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256  Figure 1. Mean comparison of 12 amino acids between breast cancer (n=29) and control
257  (n=28) subjects. *Mean comparison test with Independent T-test. Data is considered

258  significant if p<0.05.
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Figure 2. Mean comparison of 7 amino acid between Luminal A (n=10) and Luminal B
(n=13) subjects. *Mean comparison test with Independent T-test. Data is considered
significant if p<0.05.
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Figure 3. Mean comparison of 7 amino acid between T2 and T3 cancer stage. A: T2

cancer stage (n=4) vs T3 cancer stage (n=5) in Luminal A subjects. B: T2 cancer stage (n=4)
vs T3 cancer stage (n=7) in Luminal B subjects. *Mean comparison test with Independent T-
test. Data is considered significant if p<0.05.
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274
275  Figure 4. Mean comparison of 7 amino acid based on various risk factors (age, age of

276  menarche, and parity). A: Based on age <40 years old (n=3) vs age >=40 years ol (n=10) in
277  Luminal B subjects. B: Based on age of menarche <12 years old (n=2) vs age of menarche
278  >=12 years old (n=11) in Luminal B subjects. C: Based on 0-1 parity (n=4) vs multiparity
279  (n=6) in Luminal A subjects. *Mean comparison test with Independent T-test. Data is

280  considered significant if p<0.05.
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284  Figure 5. Mean comparison of 7 amino acid between subjects with and without family
285  Ca history. A: Family Ca history in Luminal A subjects (No=8; Yes=2). B: Family Ca

286  history in Luminal B subjects (No=11; Yes=2). *Mean comparison test with Independent T-
287  test. Data is considered significant if p<0.05.
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