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Abstract: Objective To investigate the relationship between the expression of LDHA, SLC16A1 and SLC16A3 genes and
pathologic features and prognosis in breast cancer. Methods Tissue samples from 1 060 breast cancer patients in The Cancer
Genome Atlas (TCGA) were obtained. The association of LDHA, SLC16A1 and SLCI6A3 gene expressions with
clinicopathological features and prognosis of breast cancer were analyzed. Survival curve was drawn by Kaplan-Meier survival
analysis, and univariable and multivariable survival prognoses were analyzed by Cox proportional hazard regression model.
Results /DHA expression was associated with distant metastasis (M stage) ( x°=5.560, P=0.018), estrogen receptor (ER)
expression (x°=8.532, P=0.003), and human epidermal growth factor receptor 2 (HER-2) expression ( x°=4.418, P=0.036);
SLC16A1 expression correlated with age (x’=8.040, P=0.005), ER expression (x’=17.428, P<0.01), and progesterone receptor
(PR) expression (x’=5.486, P=0.019). SLC16A3 expression correlated with ER expression (xY’=22.447, P<0.01) and PR expression
(x’=20.590, P<0.01). Patients with high expression of LDHA (x’=3.856, P=0.049), SLC16A1 (x’=3.978, P=0.046) and SLC16A3 (x
’=5.008, P=0.025) had lower cumulative survival rates. SLCI6A1 (HR=1.894, 95%C/- 1.246-2.878, P=0.003) and SLCI6A3
(HR=1.769, 95%C/1.009-2.847, P=0.019) were the independent risk factors for overall survival (OS) in breast cancer patients.
Conclusion LDHA, SLC16A1 and SLCI16A3 are associated with certain pathologic features and poorer prognosis of breast
cancer, which may provide new prognostic indicators and therapeutic targets for breast cancer treatment.
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The incidence and mortality of breast cancer in
China are gradually increasing and are expected to
continue rising [1]. According to the 2020 Global Cancer
Observatory, breast cancer has become the most common
cancer worldwide [2]. Tumor cells accelerate the uptake
and utilization of various nutrients [3]. They tend to
preferentially obtain energy through anaerobic glycolysis,
a phenomenon known as the Warburg effect [4]. Although
the efficiency of glycolysis in producing ATP is relatively
low, the rate is much higher than that of oxidative
phosphorylation [5]. Moreover, the intermediate products
of glycolysis play significant roles in inhibiting cell
apoptosis, promoting cell biosynthesis, and generating
signaling molecules [6]. The lactate produced by
anaerobic glycolysis is transported outside the cell by
lactate transporters, maintaining the weak acidity of the
tumor microenvironment, which is more conducive to
tumor growth [7-8].

The lactate dehydrogenase A (LDHA) catalyzes the
reduction of pyruvate to lactate, a key step in glycolysis.
The solute carrier family 16 members (SLC164) encode
monocarboxylate transporters (MCT), mainly responsible
for transporting lactate generated from intracellular

metabolism to the extracellular environment, preventing
intracellular lactate accumulation and maintaining the
acidic environment outside tumor cells. They can also
transport extracellular lactate into cells to provide
metabolic substances for tumor cells [9]. SLC16A41 and
SLC16A43 encode MCT1 and MCT4, respectively. MCT1
primarily depends on the concentration of lactate and
protons inside and outside the cell for lactate transport,
while MCT4 mainly transports lactate produced in the
glycolytic pathway out of the cells.

This study aims to analyze the expression of glucose
metabolism genes in breast cancer tissues using The
Cancer Genome Atlas Database (TCGA) to provide new
insights into the prevention and treatment of breast cancer.

1 Materials and Methods

1.1 Source of Sample Data

Data related to breast cancer were downloaded from
The Cancer Genome Atlas Database (TCGA), including
two groups: the first group includes 113 samples of
adjacent normal breast tissue and cancerous breast tissue,
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which contain data on the expression of all gene mRNA;
the second group includes 1,097 female breast cancer
patients with clinical and pathological information.

The integration of the first and second groups
resulted in the third group, containing clinicopathological
characteristics, follow-up and death time, and mRNA
expression data in 1,060 female breast cancer patients.
The clinical and pathological features of data mainly
include two types. One type is the features that do not
need to be obtained from tumor tissue, mainly including

Tab.1 Characteristics and mortality of 1,060 patients

race, age, menopausal status, and surgical method.
Another type is the features that need to be obtained from
tumor tissue, mainly including tumor size (T), lymph
node metastasis (N), distant metastasis (M), tumor
staging, distributions of breast lesion locations, and
anatomical quadrants. The data also includes overall
survival (OS) and their survival status of patients, with
the endpoint being patient death. The total mortality was

14.06%. [Table 1]

Clinical characteristics Mortality (%) Clinical characteristics Mortality (%)
Age M stage
<58 years 12.24(66/539) MO0 13.51 (119/881)
>58years 15.93(83/521) M1 77.27 (17/22)
Race Mx 8.28 (13/157)
White people 14.83(109/735) Tumor stage
Asian 51.72(30/58) I 8.89 (16/180)
Black people or others 1.65(3/182) II 10.67 (64/600)
Deletion 8.24(7/85) I 18.57 (44/237)
Menopausal state v 75.00(15/20)
Premenopausal 8.04(18/224) X 50.00(6/12)
Postmenopausal 13.17(89/676) Deletion 36.36(4/11)
Perimenopausal 2.63(1/38) ER state
Deletion 33.61(41/122) Positive 12.84(90/701)
Surgical method Negative 17.70(37/209)
Simple mastectomy 8.63(17/197) Deletion 14.67(22/150)
Modified radical mastectomy 18.59(58/312) PR state
Breast tumor resection 10.00(24/240) Positive 13.14(80/609)
Others 14.67(38/259) Negative 16.11(48/298)
Deletion 23.08(12/52) Deletion 13.73(21/153)
Margin state HER-2 state
Positive 25.33(19/75) Positive 12.57(22/175)
Negative 9.70(86/887) Negative 10.63(69/649)
Unclear 19.35(6/31) Deletion 24.58(58/236)
Deletion 56.72(38/67) Distributions of breast lesions
T stage Right side 13.52(68/503)
T1 11.87(33/278) Left side 14.54(81/557)
T2 12.32(75/609) Tumor quadrant position
T3 18.80(25/133) Right inner upper 9.43(5/53)
T4 40.54(15/37) Right inner lower 15.38(4/26)
Tx 33.33(1/3) Right outer upper 9.85(20/203)
N stage Right outer lower 14.58(7/48)
NoO 8.72(41/470) Left inner upper 12.96(7/54)
N1 16.15(62/384) Left inner lower 27.27(6/22)
N2 18.49(22/119) Left outer upper 12.20(20/164)
N3 21.43(15/70) Left outer lower 10.91(6/55)
Nx 52.94(9/17) Unclear 17.01(74/435)

Note: x indicates unclear staging; ER, estrogen receptor; PR, progesterone receptor;

HER-2, human epidermal growth factor receptor 2.
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1.2 Statistical Methods

SPSS 27.0 and GraphPad Prism 9.5 were used for
data processing. Data of gene expression were numerical
variables, paired sample #-tests were used to compare
gene expression in cancerous and adjacent normal tissues.
A critical value was determined from 10% to 90% of the
data at 10% intervals, with the minimum P-value
corresponding to the critical value in survival analysis as
the gene expression threshold. y 2 tests were used to
explore the correlation between gene expression levels
and clinicopathological characteristics. Kaplan-Meier
survival analysis and log-rank tests were performed to
analyze differences between the groups. Cox proportional
hazard models were used for univariate and multivariate
analyses. P<0.05 was considered statistically significant.

2 Results
2.1 Differential Gene Expression

LDHA (430.55+233.15 vs 255.79+59.83, =7.692,
P<0.01), SLC16A1 (31.49+35.72 vs 23.66+8.97, =2.294,
P=0.024), and SLCI643 (11.75£10.30 vs 3.03+2.45,
=9.481, P<0.01) were significantly upregulated in
cancerous tissues compared to adjacent normal tissues in
the same patient.

2.2 Correlation Between Gene Expression and
Clinicopathological Characteristics

2.2.1 Correlation between LDHA expression and
clinicopathological characteristics

LDHA expression levels showed significant differences
in distant metastasis (M) staging, ER expression status,
and HER-2 status (P<0.05), while there was no
significant  difference in  other  pathological
characteristics (P>0.05). [Table 2]

2.2.2 Correlation between SLCI6A41 expression and
clinicopathological characteristics

SLCI16A41 expression levels showed significant
differences in age, ER expression status, and PR
expression status (P<0.05), while there was no

significant  difference in  other
characteristics (P>0.05). [Table 2]

pathological

2.2.3 Correlation between SLCI6A43 expression and
clinicopathological characteristics

SLCI16A43 expression levels showed significant
differences in ER expression status and PR expression
status (P<0.05), while there was no significant
difference in other pathological characteristics
(P>0.05). [Table 2]

2.3 Correlation of ESRI and PGR with the Above
Genes

ESRI showed a significant negative correlation with
SLC1641 (r=-0.230, P<0.01) and SLCI6A43 (r=-0.143,
P<0.01). Similarly, PGR exhibited a significant negative
correlation with SLCI1641 (=-0.123, P<0.01) and
SLC16A43 (r=-0.110, P<0.01). No significant correlation
was observed between ESRI, PGR, and LDHA expression
levels. [Figure 1]

2.4 Survival Analysis

Kaplan-Meier survival analysis indicated that the
OS of patients with high expression of LDHA
((°=3.856, P=0.049), SLC16A1 (x*=3.978, P=0.046),
and SLCI643 (¥°=5.008, P=0.025) were lower than
those of patients with low expression. [Figure 2]

2.5 Cox Proportional Hazard Analysis

Univariable Cox regression analysis reveals that the
expression levels of SLC16A41 and SLC16A3, age, tumor
size (T), lymph node metastasis (N), distant metastasis
(M), and clinical staging influence OS in breast cancer
patients (P<0.05). Multivariable Cox analysis shows that
high expression of SLCI6A41, high expression of
SLC16A3, advanced age, lymph node metastasis (N1-N3),
distant metastasis (M1), and clinical staging III-IV were
independent risk factors for OS in breast cancer patients
(P<0.05). Tumor size (T3-T4) was not an independent
risk factor for OS in breast cancer patients (P>0.05).
[Table 3]

Tab.2 Association of LDHA, SLC16A and SLC16A3 expression with clinical characteristics in 1,060 breast cancer patients (case)

LDHA SLC16A41 SLCI16A43
lini 2 2 2
Clinical o X P x P x P value
characteristics Low High value  value Low High value value Low High value
expression expression expression  expression expression  expression
(n=878) (n=182) (n=323) (n=737) (n=917) (n=143)
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Age 0.527  0.468 8.040  0.005 0.238 0.625
< 58 years 266 97 143 396 469 70
>58 years 273 85 180 341 448 73
Menopausal state 0.010 0.92 0.250 0.617 2.235 0.135
Premenopausal 187 37 66 158 201 23
P;z‘:’;:gss:z::l 594 120 223 491 613 101
Deletion 97 25 34 88 103 19
Margin state 0.464  0.496 0.058  0.810 2.249 0.134
Positive 60 15 24 51 69 6
Negative 737 150 272 615 761 126
Unclear 30 1 12 19 28 3
Deletion 51 16 15 52 59 8
T stage 1713 0.191 1.721 0.190 0.486 0.486
T1-T2 741 146 263 624 765 122
T3-T4 135 35 59 111 150 20
Deletion 2 1 1 2 2 1
N stage 0917 0338 2.874 0.09 0.201 0.654
NO 384 86 129 341 404 66
N1-N3 481 92 185 388 498 75
Deletion 13 4 9 8 15 2
M stage 5560  0.018 0.101 0.751 0.049 0.826
M0 731 150 268 613 756 125
M1 14 8 6 16 18 4
Deletion 133 24 49 108 143 14
Tumor stage 1.495  0.221 2.291 0.13 0.290 0.590
-1 654 126 228 552 678 102
n-rv 207 50 88 169 220 37
Unclear 10 2 7 5 10 2
Deletion 7 4 0 11 9 2
ER state 8.532  0.003 17.428  <0.01 22447  <0.001
Positive 597 104 229 472 624 77
Negative 160 49 37 172 159 50
Deletion 121 29 57 93 134 16
PR state 2904  0.088 5.486 0.019 20.59 <0.001
Positive 514 95 193 416 546 63
Negative 238 60 72 226 234 64
Deletion 126 27 58 95 137 17
HER-2 state 4418 0.036 2.871 0.090 0.592 0.442
Positive 136 39 59 116 147 28
Negative 548 101 179 479 560 89
Deletion 194 42 85 142 210 26
;’:Z;‘;‘tbl‘;ts'l‘;’:lss of 0011 0917 0326 0568 3.15 0.076
Right side 416 87 149 354 445 58
Left side 462 95 174 383 472 85
:;lsmitti):nquadrant 0.844 0839 0.846  0.839 4564 0207

Inner upper 91 16 31 76 96 11
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Inner lower 38 10 17 31 37 11

Outer upper 304 63 107 260 309 58

Outer lower 86 17 30 73 89 14

Deletion 359 76 138 297 386 49

Fig. 1 Heat map of gene correlation coefficients
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Fig.2 Kaplan Meier survival analysis of breast cancer patients with different gene mRNA expression levels

Tab.3 Univariable and multivariable Cox proportional hazard model of survival in 1,060 breast cancer patients

Univariable Cox regression

Multivariable Cox regression

Clinical characteristics

HR (95%CI) P value HR (95%CI) P value
High expression of SLC16A41 1.457(1.004-2.114) 0.047 1.894(1.246-2.878) 0.003
High expression of SLC1643 1.640(1.059-2.542) 0.027 1.769(1.099-2.847) 0.019
Age>58 years 1.782(1.288-2.467)  <0.001  2.014(1.398-2.903)  <0.001
T3-T4 stage 1.769(1.227-2.550) 0.002 1.016(0.612-1.687) 0.950
N1-N3 stage 2.170(1.507-3.126)  <0.001 1.616(1.033-2.527) 0.036
Distant metastasis M1 2.445(1.482-4.066)  <0.001  3.121(1.632-5.969)  <0.001
Clinical staging III-IV 2.659(1.899-3.724)  <0.001 1.718(1.000-2.953) 0.050*

Note: * P=0.049,97<0.050 when the number is accurate to 5 decimal places, at the threshold of significance.

3 Discussion

Research suggested that high expression of LDHA in
tumor tissues was associated with adverse prognosis.
Knockout or inhibition of LDHA could impede tumor cell
growth [12-13]. Zhao et al. [14] found a significant
association between high expression of LDHA and high
histological grade, lymph node metastasis, tumor staging
of breast cancer. Negative ER expression showed higher

LDHA expression. Fantin et al. [12] showed that
inhibiting LDHA reduced the transformation of malignant
tumors and delayed tumor formation. Our study confirms
an association between high LDHA mRNA expression /
distant metastasis and ER and HER-2 expression. In
addition, high LDHA mRNA expression was associated
with worse OS in patients.

Studies have shown a positive association between
high expression of MCT1 and patient prognosis in non-
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small cell lung cancer, head-and-neck cancer, and other
cancers. The OS rate of the high SLCI1641 expression
group was significantly higher than that of the low
expression group [15-16]. On the contrary, some scholars
found that the high expression of SLC16A41 was related to
the adverse clinical results of urinary system tumors,
primary neuroblastoma and breast cancer [17-18].
Johnson et al. [19] found a higher expression of MCT1 in
triple negative breast cancer compared to other subtypes,
and overexpression of MCT1 was associated with an
increased risk of tumor growth and recurrence. In this
study, breast cancer patients in the high SLCI6A41
expression group had worse OS. The difference in the
above results may be due to the fact that lactate transport
by MCT1 depends on the pH inside and outside the cells
[10]. There are specific differences in the pH gradient
inside and outside the cells of different tumors. The
sample size is insufficient, which makes the statistical
analysis inevitably deviate, and further sample collection
may be required for verification. Our study suggests that
SLCI16A1 is negatively correlated with ESRI and PGR,
and higher SLC1641 may predict low expression of ER
and PR, so that patients lose effective endocrine
therapeutic targets, resulting in worse OS.

Khan et al. [20] treated neuroblastoma with MCT1
inhibitor, which disrupted lactate homeostasis and
NADH/NAD" ratio of cells, inhibited the growth of
cancer cells, and highly synergized with LDHA inhibitor
to reduce cell viability. Hou et al [21] found that
inhibiting MCT1 could overcome the resistance of breast
cancer cells to Paclitaxel. The above results showed the
potential of targeting the corresponding proteins of LDHA
and SLC16A1 to improve the prognosis of patients.

MCT4 is highly expressed in prostate cancer,
intrahepatic cholangiocarcinoma, lung cancer, bladder
cancer and liver cancer, and is closely related to the
proliferation, invasion and metastasis of tumor cells. Its
high expression is associated with worse patient OS [22-
26]. This study confirmed it. Silencing of MCT4 in
prostate tumors significantly reduced cell proliferation,
migration, and invasion [22]. Studies found an
upregulated expression of MCT4 in breast cancer, and the
higher MCT4 expression was associated with poor
prognosis, immune cell infiltration and glycolysis rate-
limiting enzyme [18]. SLC16A43 is expected to become a
potential prognostic indicator and target for tumor therapy
to assist the treatment of breast tumors.

The results of this study showed that the expression
levels of LDHA, SLC16A1 and SLC16A43 were higher in
the ER and PR negative group. Zhao et al. [14] also
found an increased expression of LDHA in the ER-
negative group. ESRI and PGR were significantly
negatively correlated with SLC1641 and SLC16A43. The
relationship between the expression of ER, PR and the
above genes needs to be further studied.

The study has some limitations. Firstly, the dataset
has only a small proportion of Asian patients, which may
be biased by gene expression in our country. Secondly,
although TCGA database has accurate sequencing, good

quality and multi-omics data [27-29], the 1,060 breast
cancer samples obtained from TCGA database in this
study still have insufficient data, and clinical samples can
be collected later to expand the sample further. Finally,
the study solely focuses on mRNA levels, and future
research could benefit from incorporating other omics
levels for a more comprehensive analysis. Despite these
limitations, the study draws relevant conclusions.

In conclusion, LDHA, SLC16A41 and SLC16A43 genes
are highly expressed in breast cancer tissues and
negatively correlated with OS of breast cancer patients.
SLC16A1 and SLC16A43 are independent risk factors for
OS in breast cancer patients. These genes are expected to
become prognostic indicators of breast cancer, which may
provide a new target for the subsequent treatment of
breast cancer.
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Glucose metabolism-related genes with clinicopathological characteristics and

prognosis of breast cancer: an analysis based on TCGA database
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Abstract: Objective To investigate the relationship between the expression of LDHA, SLC16A1 and SLC16A3 genes
and pathologic features and prognosis in breast cancer. Methods Tissue samples from 1 060 breast cancer patients in
The Cancer Genome Atlas (TCGA) were obtained. The association of LDHA, SLCI16A1 and SLCI16A3 gene expressions
with clinicopathological features and prognosis of breast cancer were analyzed. Survival curve were drawn by Kaplan-
Meier survival analysis, and univariable and multivariable survival prognosis were analyzed by Cox proportional hazard
regression model. Results LDHA expression was associated with distant metastasis (M stage) (X*=5.560, P=0.018),
estrogen receptor (ER) expression (X*=8.532, P=0.003), and human epidermal growth factor receptor 2 ( HER-2)
expression (X>=4.418, P=0.036) ; SLCIGAI expression correlated with age (X*=8.040, P=0.005), ER expression
(X*=17.428, P<0.01), and progesterone receptor ( PR) expression (X> =5.486, P=0.019). SLCI6A3 expression
correlated with ER expression (X* =22.447, P<0.01), PR expression (X’ =20.590, P<0.01). Patients with high
expression of LDHA (X*=3.856, P=0.049), SLCI6AI (X*=3.978, P=0.046) and SLC1643 (X*=5.008, P=0.025) had
lower cumulative survival rates. SLCI6A1 (HR =1.894, 95%CI.1.246-2.878, P=0.003) and SLCI6A3( HR=1.769,
95%CI:1.009-2.847, P=0.019) were the independent risk factors for overall survival in breast cancer patients.
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Conclusion LDHA, SLCI16A1 and SLCI6A3 are associated with certain pathologic features and poorer prognosis of

breast cancer, which may provide new prognostic indicators and therapeutic targets for breast cancer treatment.

Keywords: Breast cancer; Glucose metabolism; Lactate dehydrogenase A; Solute carrier family 16 member 1; Solute

carrier family 16 member 3; Overall survival
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Tab. 1 Characteristics and death rates of 1 060 patients
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iy, M 34
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N3 21.43(15/70) ZEAN F 4R 10.91(6/55)
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Tab. 2 Association of LDHA, SLC16A and SLCI6A3 expression with clinical characteristics in 1 060 breast cancer patients ( case)
LDHA SLCI16A1 SLCI16A3
S BRI RFEik mFk XM P ki m#Ek XM P REik mEA X PH
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8 5330
I~1 654 126 228 552 678 102
1~ IV 207 50 1495 0201 88 169 2291 0.130 220 37 0.290  0.590
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Fig. 1 Heat map of gene correlation coefficients
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Tab. 3 Univariable and multivariable Cox proportional

hazard regression model of survival in 1 060 breast cancer patients

N HRZE Cox I ZH% Cox [

P FLRRAE - -
HR(95%CI) Py HR(95%CI) Py

SLCI6AI B4k 1.457(1.004~2.114) 0.047 1.894(1.246~2.878) 0.003

SLCI6A3 T35k 1.640(1.059~2.542) 0.027 1.769(1.099~2.847) 0.019
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Fig. 2 Kaplan Meier survival analysis of breast cancer patients with different gene mRNA expression levels
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