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Background: The incidence of breast cancer is increasing annually. Obesity and metabolism are considered risk factors for
breast cancer. Discovery of obesity- and metabolism-related breast cancer prognostic genes is imminent.
Material/Methods: We screened metabolism-related genes (MRG) from KEGG and downloaded the obese female dataset GSE151839
from GEO, which screened differentially-expressed genes (DEGs), seen as female obesity-related genes. The
intersection of MRGs and DEGs was obesity-related metabolic genes (OMGs), verified by enrichment analysis.
After downloading breast cancer data from TCGA, univariate Cox regression and log-rank P analyses were used
to screen hub OMGs related to breast cancer prognosis. ROC curve and Kaplan-Meier (KM) plotter, GEPIA, and
GENT2 databases were used to verify the hub OMGs at the RNA level. CPTAC and HLA databases were used to
verify the hub OMGs at the protein level.
Results: We screened 33 OMGs. The results of univariate Cox regression and log-rank P analysis showed 3 of 33 OMGs
(ABCA1, LPIN1, HSD17B8) were associated with the prognosis of breast cancer patients. After verification with
ROC, KM-plotter, and GEPIA, only HSD17B8 was related to breast cancer prognosis (overall/disease-free sur-
vival). Results of GENT2 showed the RNA expression of HSD17B8 in breast cancer subtypes with poor progno-
sis is significantly lower than that with good prognosis. Results of CPTAC and HLA databases showed that the
protein expression level of HSD17B8 in breast cancer tissues was significantly lower than that in adjacent nor-
mal tissues.
Conclusions: HSD17B8 is a protective gene against breast cancer. The higher the expression of HSD17B8, the better the
prognosis of breast cancer patients.
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Background

Currently, breast cancer is the most common cancer world-
wide and a significant cause of cancer death in females [1].
Breast cancer has also become the most common newly diag-
nosed cancer, with 2.3 million diagnosed pathologies in 2020
(11.7%) [2]. The incidence of breast cancer is increasing an-
nually and the fatality rate remains high, reminding us to pay
attention to the risk factors of breast cancer.

Recent studies have demonstrated that obesity (body mass in-
dex, BMI>30 kg/m?) is associated with higher risks of breast
cancer [3,4]. Obesity dramatically increases the risk of death
for breast cancer patients (35% to 40%) and the rate of metas-
tasis [5,6]. A cohort study even directly confirmed that obese
females (BMI »>31.1 kg/m?) have a relative risk (RR) of breast
cancer of 2.5 (95% Cl, 1.6-3.3) compared with females with
BMI <22.6 kg/m?[7].

Adipokines, biologically active hormones produced and secret-
ed by adipose tissue, have multiple functions, including reg-
ulating metabolism, angiogenesis, and cell proliferation [8].
Adipokines may act as the bridge between obesity and breast
cancer. Leptin, a crucial and common adipokine involved in reg-
ulating energy balance, whose level will elevate with the in-
crease of BMI [9]. Dieudonne et al found that high leptin level
promotes the proliferation of MCF-7 cells (human breast cancer
cells) through STAT3 and p42/p44 MAP kinase pathways [10].
Obese females always accompany abnormal hormone levels.
High levels of circulating estrogen have been seen as the cul-
prit for the high incidence of hormone-sensitive breast cancer,
representing approximately 70% of all breast cancers [11,12].
In addition, there is a close relationship between obesity and
metabolism. An increasing number of studies have confirmed
the combined effects of obesity and metabolism on the onset
of breast cancer [13]. The abnormal metabolism of obese pa-
tients can cause the proliferation and hypertrophy of adipo-
cytes and metaflammation [14]. The latter is one of the most
common risk factors for breast cancer. It is critical to achieve
early diagnosis and improve the prognosis of breast cancer pa-
tients by screening obesity-related prognostic genes.

Therefore, we screened metabolism-related genes (MRGs) from
the Kyoto Encyclopedia of Genes and Genomes (KEGG) data-
base and literature in this study. Differentially-expressed genes
(DEGs), also referred to as female obesity-related genes, were
chosen from GSE151839, a gene set of obese females down-
loaded from the Gene Expression Omnibus (GEO) database.
Genes at the intersection of the MRG and DEGs were regard-
ed as obesity-related metabolic genes (OMGs) and were used
for follow-up analysis. Next, we downloaded the TCGA-BRCA
dataset from The Cancer Genome Atlas (TCGA) database and
searched the expression of OMGs and clinical data. Univariate
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Cox regression and log-rank P analysis were used to screen out
hub OMGs related to breast cancer prognosis. Kaplan-Meier
(KM) plotter, Gene Expression Profiling Interactive Analysis
(GEPIA), and Gene Expression database of Normal and Tumor
tissues 2 (GENT2) databases were used to verify genes at the
RNA level. The Clinical Proteomic Tumor Analysis Consortium
(CPTAC) and the Human Protein Atlas project (HLA) databases
were used to complete protein-level verifications. We found
that 17-B-Hydroxysteroid dehydrogenase type 2 (HSD17B8)
can help determine the prognosis of breast cancer patients.
HSD17B8 is also a protective gene for breast cancer patients,
and the higher its expression, the better the prognosis of breast
cancer patients. Because the expression level of HSD17B8 (at
both RNA and protein levels) is closely related to the progno-
sis and incidence of breast cancer, the result of Delong’s test
showed that HSD17B8 could be used as a biomarker of breast
cancer. We boldly propose the hypothesis that HSD17B8 has
the potential to serve as a clinical target gene for targeted ther-
apy of breast cancer. However, more experiments are need-
ed. The analysis process of the study is recorded in Figure 1.

Material and Methods

Public Databases and Software Used in the Study

The public databases, datasets, and software used in the study
are displayed in Table 1.

Screening of Obesity-Related Metabolic Genes

We searched for metabolic pathways in the KEGG database,
and processed the genes (Species: Homo sapiens) in the path-
ways as MRGs based on the literature.

We downloaded the obese females dataset GSE151839 from
the Gene Expression Omnibus (GEO) database. Box plots and
principal component analysis (PCA) plots were drawn to clarify
whether the expression data were standardized and whether
there were differences between the obesity and normal groups.
P<0.05 and abs(logFC) >0.5 were used as the selection crite-
ria of DEGs, which were seen as female obesity-related genes.

Genes at the intersection of MRGs and DEGs were regard-
ed as metabolic genes related to obese females, which are
called OMGs and were used for subsequent analysis. Gene
Ontology (GO) enrichment and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analyses were performed on the
upregulated and downregulated OMGs to determine whether
the functions of the selected genes are related to metabolism.
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Figure 1. The analysis flow chart of the study.
Screening of OMGs Related to Breast Cancer Prognosis

We downloaded female breast cancer expression data (TCGA-
BRCA) from the TCGA database, and performed log2 (exp+1)
and standardization processing. Then, we screened the expres-
sion of OMGs and drew a PCA chart that was used to deter-
mine whether there was a difference between normal para-
cancerous samples and breast cancer samples.

Univariate Cox regression analysis was based on the expres-
sion of OMGs to screen the prognosis-related genes (PRG) of
breast cancer patients (P<0.05). The prognosis of breast can-
cer patients was based on the survival status (death/alive) and
overall survival. A hazard ratio (HR) value >1 suggested that a
gene an OMG associated with poor prognosis; the higher the
expression of the hazardous gene, the worse the prognosis
of breast cancer patients. HR values less than 1 indicated the
gene protects against breast cancer; the higher its expression,
the better the prognosis of breast cancer patients.

Breast cancer patients were next divided into high- and low-
expression groups according to the expression of OMGs (high-
expression group: gene expression greater than the median
expression; low-expression group: less than or equal to the
median expression). Batch survival analysis of OMGs was
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calculated by log-rank P test to analyze the correlation be-
tween OMGs expression and overall survival of breast cancer
patients. Genes with P values less than 0.05 were selected as
survival-related genes (SRGs). Kaplan-Meier curves were drawn
based on the results of log-rank P tests and were used to re-
flect patient survival status at different periods.

Univariate Cox regression and log-rank P test were used in sur-
vival analyses screen breast cancer prognosis-related genes,
but the methods and focus differed. The HR obtained by uni-
variate Cox regression could intuitively reflect the relation-
ship between OMGs expression and the prognosis of patients.
The log-rank P test combined with KM-plot better reflected
the survival status of breast cancer patients in different pe-
riods. The intersection genes of PRGs and SRGs were consid-
ered hub OMGs related to breast cancer prognosis with ex-
tremely high reliability.

Verification the Accuracy Analysis Results and Secondary
Screening

Delong’s test and receiver operating characteristic (ROC) curves
were used to verify the accuracy of selected hub OMGs in pre-
dicting the OS of breast cancer patients and determine whether
the selected genes have potential as breast cancer biomarkers.
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Table 1. Databases and software used in the study.
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Obesity/breast cancer patients related database

Kyoto Encyclopedia of Genes and
Genomes (KEGG)

10 obese and 10 normal weight
subjects

112 normal paracancerous and 1096
breast cancer samples

Gene Expression Profiling Interactive
Analysis (GEPIA)

963 breast cancer samples with
ABCA1 expression; 960 samples with
LPIN1 expression; 964 samples with
HSD17B8 expression

Gene Expression database of Normal
and Tumor tissues 2 (GENT2)

475 normal and 5574 breast cancer
samples (1484 breast cancer
samples with subtype information)

The Clinical Proteomic Tumor
Analysis Consortium (CPTAC)

18 normal paracancerous and 133
breast cancer samples

The Human Protein Atlas project
(HLA)

Select MRGs

Select DEGs of overweight females [15]
Download data of BRCA patients

Verify the accuracy of results [16]
Verify the accuracy of results [17]
Verify the relationship of breast [18]
cancer subtypes from RNA level

Verify the relationship of breast [19]
cancer from protein level

Verify the protein expression [20]

ggplot2 package

Data visualization

The Kaplan-Meier plotter database, including the data of 1879
breast cancer patients with survival information, was used to
draw Kaplan-Meier survival curves to assess whether the cho-
sen hub OMGs are related to the OS of breast cancer patients.

In addition, to enhance the credibility of verification, the GEPIA
database was used to draw the OS curves and disease-free
survival (DFS) curves of the hub OMGs. DFS refers to the time
from randomization to disease recurrence or patient death
due to disease progression, and also was used to determine
the prognosis of cancer patients.

Verification of the Relationship of Hub OMGs RNA
Expression and Breast Cancer Subtypes Prognosis

We used GENT2, a database that provides options to research
the differential expression and its prognostic significance based

on tumor subtypes, to verify the expression of the chosen re-
lationship of hub OMGs and breast cancer subtypes.

We first assessed whether there was a difference in the ex-
pression of the hub OMGs between breast cancer tissues and
normal breast tissues, then we determined whether there were
differences in the expression of the hub OMGs between dif-
ferent breast cancer subtypes. Finally, we explored whether
differences in the expression of the above OMGs are related
to breast cancer prognosis.

Verification of the Relationship of Hub OMGs Protein
Expression and Breast Cancer

RNA verification for hub OMGs has been performed before,
and to increase the accuracy of the results, confirmation at
the protein level was carried out.
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The immunochemical staining results of hub OMGs were ex-
tracted from the HLA database to clarify the location and ex-
pression of the selected hub OMGs in breast tissue.

In addition, we downloaded the protein expression of hub
OMGs in the breast cancer tissues and adjacent normal tis-
sues of breast cancer patients from the CPTAC database. Hub
OMGs protein expression was compared between the normal
breast tissue and breast cancer tissues to increase the credi-
bility of the verification results.

The Relationship Between Clinical Characteristics and Hub
OMGs

The breast cancer patients in the TCGA-BRCA dataset were
grouped according to the stage, age, and progesterone re-
ceptor (PR). The stage group was divided into I, II, lll, and IV.
The age group was split into youth (<45), middle-aged (45-
60), and elderly (>60). PR was divided into negative and posi-
tive groups. We sought to determine whether the expression
of hub OMGs was significantly different in the above groups.

Statistical Analysis

The Wilcoxon test and Kruskal-Wallis test were used to screen
for differential expression between groups. Univariate Cox re-
gression analysis and log-rank P test (based on survival and sur-
vival outcome of patients) were performed to assess the rela-
tionship between genes and breast cancer prognosis. DeLong’s
test was used to determine the accuracy of screened genes in
predicting the prognosis of breast cancer patients and to clarify
their potential as breast cancer biomarkers based on the sur-
vival outcome (death/alive). All statistical analyses were car-
ried out using R software (4.1.0), and P<0.05 was considered
to be statistically significant.

Results

Results of MRGs Screening

We chose 5 metabolic pathways in the KEGG database and
combined some literature for screening MRGs. The number of
MRGs examined from each path was as follows: Galactose me-
tabolism (map00052), 31; Glycerolipid metabolism (map00561),
58; Cholesterol metabolism (map04979), 49; Fructose and man-
nose metabolism (map00051), 33; and Fatty acid metabolism
(map01212), 55. After removal of 15 duplicated genes, a to-
tal of 211 MRGs were screened out (Supplementary Table 1).

DATABASE ANALYSIS

Results of DEGs Screening

The GSE151839 dataset includes 40 samples from the skin
and fat biopsies of 20 subjects (10 obese humans, 10 normal
humans). We secondarily divided the dataset into fat (10 fat
obese and 10 controls) and skin groups (10 skin obese and 10
controls) and separately screened for DEGs. Expression data
were standardized (Supplementary Figure 1A). The PCA chart
shows a difference between the obese and normal controls
(Supplementary Figure 1B). Supplementary Figure 1 shows
that the sequencing data of the GSE151839 dataset has been
preprocessed, and there was a significant difference in gene
expression between normal and obese samples, which was
further analyzed. We finally found that 1132 genes in the fat
group were upregulated in obese females and 573 were down-
regulated; in the skin group, 163 genes were upregulated in
obese females compared with normal samples, and 737 genes
were downregulated. MMP9, SPP1, EGFL6/CORIN, PRG4, and
S100A7A were the 5 most upregulated genes in the fat/skin
group. SLC27A2, RORB, SPX/CRISP3, AQP5, and HLA-DQA1
were the top 5 downregulated genes in the fat/skin group
(Figure 2). Then, we united the upregulated DEGs and down-
regulated DEGs of skin and fat groups for follow-up analysis.
The summary results showed that a total of 1261 genes were
upregulated in obese females and 1244 genes were downreg-
ulated (Figure 3A, 3B). Supplementary Table 2 provides full in-
formation on DEGs.

Results of OMGs Screening

MRGs and DEGs had 33 overlapping genes (Figure 3C, 3D),
which were regarded as OMGs. Among them, 9 OMGs were
upregulated in obese females and 24 OMGs were downreg-
ulated (Table 2).

The results of GO enrichment analysis showed that the gene
function of the upregulated OMGs was mainly related to tri-
glyceride metabolism and the function of the downregulated
OMGs was primarily associated with the metabolism of fatty
acids (Figure 4A). The results of KEGG enrichment analysis in-
dicated the signaling pathways most related to the OMGs were
Glycerolipid metabolism, Cholesterol metabolism, Fatty acid me-
tabolism, and Fructose and mannose metabolism, all of which
are associated with metabolism (Figure 4B). The enrichment re-
sults all suggested the 33 OMGs previously screened were in-
deed genes related to metabolism, and the screening results
were reliable.

Results of Screening Breast Cancer Prognosis-Related
OMGs

In TCGA-BRCA dataset, there were 112 normal paracancerous
samples and 1096 tumor (breast cancer) samples. The PCA
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Figure 2. Volcano plots of GSE151839. (A) DEGs of Fat group. (B) DEGs of Skin group.
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Table 2. Differential expression of metabolic genes in overweight females.

Symbol Description logFC P value Change

AKR1B10 Aldo-keto reductase family 1 member B10 1.12065346 0.000140961 Up

NeEW1 Neutral cholesterol ester hydrolase 1~ 1164559432 0000309202 wp
TeAR TP53 induced glycolysis regulatory phosphatase 0718403707 0000360012 wp
we lipase G, endothelial type 0ss8as7eaa 0001108886 up
eows ELOVL fatty acid elongase 7 0640468036 000251885 up
R Giycerol kinase 0715113436 0004721303 wp o
CPRkFBA Fructose-26-biphosphatase 4 0564762169 0017233125 p
ookl Diacylghycerol kinase iota 0514214866 0021602233 wp o
Cmvee Myosin regulatory light chain interacting protein 0648838071 0028529275 wp o
Cemmi Phosphomannomutase 1 0928028738 215606 | Down
Coeas Glycerol-3-phosphate agyltransferase 3 2032708972 23606 | Down
en vpn1 0915227005 629606 | Down
CHAOH Hydroxyacyl.Co dehydrogenase 0824220026 715606 | Down
HsD17BE Hydroxysteroid 17-beta dehydrogenase 8 0558910078 168E05 | Down
TR Trans-23-enoyl-Co reductase 0612995545 477805 | Down
0B Apolipoprotein 1656658531 831605 | Down
RSN Fatty acid synthase 1381302003 85305 | Down
ek Glycerate kinase 1056885781 0000167152 | Down
apOE Apolipoproteine 1356452072 0000230256 | Down
CPRkFBI Fructose-26-biphosphatase 1 0881339318 0000271712 | Down
v Cholesteryl ester transfer protein 1620684825 0000516983 | Down
mBcAl ATP binding cassette subfamily A member 1 0606674508 0000803253 | Down
a1 Diacylghycerol O-acyltransferase 1 07155002 0000826011 | Down
AcAA AcetylCoA carboxylase alpha 0585703209 0001444855 | Down
CeNPLA2 Patatin like phospholipase domain containing2 0652268006 0001543928 | Down
moGAT1 Monoacylglycerol O-acyltransferase 1 100537259 000161725 | Down
AL AcylCoA dehydrogenase long chain 0654461844 0001623612 | Down
CsicasAl Solute carrier family 25 member1 064655005 0001744174 | Down
AGPAT2  lacylglycerol3-phosphate O-acyltransferase 2 0513983662 0002620186 | Down
Ceovs ELOVL fatty acid elongase s~ 0581207983 0005167587 | Down
eows ELOVL fatty acid elongase 3 0800030769 0012447301 | Down
Cpepa Phospholipid phosphatase 4 0639638082 0028326607 | Down
CPNPLAS Patatin like phospholipase domain containing 3~ 0.628606799 0041133434 | Down
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Figure 5. Kaplan-Meier survival curves of clinic traits. (A) The Kaplan-Meier survival curve of OS and age. (B) The Kaplan-Meier survival
curve of OS and stage. (C) The Kaplan-Meier survival curve of OS and progesterone receptor.

chart showed noticeable component differences between nor-
mal paracancerous tissues and breast cancer tissues, suggest-
ing significant differences in gene expression between the 2
types of tissues (Supplementary Figure 2).

Further screening of the clinical data of breast cancer patients
showed that 1018 samples out of 1096 tumor samples had
corresponding clinical information (Supplementary Table 3).
Among them, there were 915 patients alive and 103 patients
died. Next, the patients were grouped according to the me-
dian age of 58 years old: those age <58 years were assigned
to the young group (n=517) and those age >58 years were

assigned to the older group (n=501). The average age of the
above sample was 58 years. We also sorted out the data of pa-
tients with PR (positive/negative) and tumor stages (I/11/111/1V).
Kaplan-Meier plotting showed that the OS of breast cancer pa-
tients was influenced by age, stage, and PR. Older age, more
severe cancer stages, and being PR-negative were associated
with worse prognosis of breast cancer patients (Figure 5A-5C).

Univariate Cox regression analysis showed that in the 33 OMGs
only 15 genes were related to breast cancer prognosis (P<0.05)
(Figure 6A). A total of 11 OMGs (ABCA1, AGPAT2, APOB, CETP,
DGAT1, ELOVL3, GPAT3, HADH, LPIN1, MOGAT1, and PFKFB1)
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Figure 6. Results of hub OMGs screening. (A) The results of univariate Cox regression analysis. (B) The results of intersection genes.

(€) The Kaplan-Meier survival curve of OS and hub OMGs expression.

were risk genes for breast cancer (hazard ratio, HR>1); the
higher expression of the above genes, the worse the progno-
sis of breast cancer patients. APOE, GK, HSD17B8, and PLPP4
were the protective genes of breast cancer (HR<1) (Table 3).

The results of log-rank P test showed ABCA1, LPIN1, ACACA, and
HSD17B8 are related to the OS of breast cancer patients (P <0.05)
(Table 4). ABCA1, LPIN1, and HSD17B8 were intersection genes
of 15 PRGs and 4 SRGs (Figure 6B, 6C). The patients with low ex-
pression of ABCA1 and LPIN1 had longer survival times and bet-
ter survival status. On the contrary, breast cancer patients with
high expression of HSD17B8 had better OS. Therefore, we pro-
pose a preliminary hypothesis: obesity-related metabolic genes
ABCA1, LPIN1, HSD17B8 may be the hub OMGs for breast can-
cer patients. Corresponding verifications were needed.

Results of Verifications from RNA Level

Through Delong’s test, we found that in predicting the sur-
vival outcome of breast cancer patients, HSD17B8 had better

diagnostic power than LPIN1 (P<0.01) and ABCA1 (P<0.001);
LPIN1 had better diagnostic power than ABCA1, but the re-
sults were not statistically significant (P>0.05). The range of
area under the ROC curve (AUC) was between 0.5 and 1. AUC
values closer to 1 indicated higher accuracy of the detection
method; the closer to 0.5, the lower the accuracy and the low-
er the application value. Supplementary Figure 3 shows that
in the above genes, only HSD17B8 had an AUC value greater
than 0.6, indicating that the expression of HSD17B8 may be
useful in predicting the prognosis of breast cancer patients
(death/alive) and has potential as a breast cancer progno-
sis biomarker.

KM-plotter database verification results showed that only the
expression of HSD17B8 was related to the OS of breast can-
cer patients (P<0.05); the higher the expression of HSD17BS,
the better the prognosis (Figure 7).

The GEPIA database also showed that only the expression of
HSD17B8 was correlated with the OS and DFS of breast cancer
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Table 3. Information on prognostic MRGs.

DATABASE ANALYSIS

Symbol HR HR.95L HR.95H P value Catagory

ABCA1 1.525080119 1.22860641 1.893095585 0.00012989 Risk gene
CAGPAT2 1292064352 1053452296 1584723196 0013899502 | Riskgene
APOB 1239299708 1113782012 1378962624 822805 | Riskgene
CCETP 1188470656 1003435802 1407626176 0045534146 | Riskgene
DGATI 149533405 1101586214 202982199 0009866304 | Riskgene
CELOVI3 115801332 1022539301 1311435998 0020828001 | Riskgene
GPATS 118307682 1024432133 1366289398 0022105254 | Riskgene
CHADH 1500808658 1166607736 2169257162 | 0003348204 | Riskgene
CWPINT 1228478317 1016695035 1484377246 0033050738 | Riskgene
MOGATI 1173083426 1001462794 1374114678 0047920077 | Riskgene
CPRKFBI 1215783202 1073363369 1377100092 0002114349 | Riskgene
AP 0860275273 0745514664 0992701527 0039375657 | Protective gene
ok 0755359823 0589402775 096804509 0026654411 | Protective gene
Hspi7B8 0803040007 0671311821 0960616561 0016417671 | Protective gene
PP 0878597796 0809810394 0953228178 0001861178 | Protective gene
Table 4. Results of long-rank P test of MRGs.

Symbol Description Logrank p Function Ref
ABCA1 APl i e Bl A 0.009596834  Molecular transport [24,25]
member 1

LPIN1 Lipin 1 0.012375531 Fatty acid metabolism [26]

ACACA Acetyl-CoA carboxylase alpha 0.025573737 Fatty acid metabolism [27]

HSD17B8 Hydroxysteroid 17-beta 0.034262944 Estrogen and androgen synthesis [28]

dehydrogenase 8

patients (P<0.05). In addition, HR was less than 1, which fur-
ther confirmed that HSD17B8 is a breast cancer protective
gene (Figure 8).

The results of the GENT2 database showed that the expres-
sion of HSD17B8 in breast cancer tissues was significantly
lower than that of normal tissues (P<0.001) (Figure 9A). The
expression of HSD17B8 also differed significantly among dif-
ferent breast cancer subtypes. In subtypes with worse prog-
noses, the expression of HSD17B8 was lower. Compared with
patients with luminal breast cancer, which has a better prog-
nosis, the expression of HSD17B8 in patients with poor prog-
noses, such as basal, HER2, and triple-negative breast can-
cer (TNBC), was significantly reduced (P<0.001) (Figure 9B).

Results of Verifications from Protein Level

The results of immunochemical staining showed that the ex-
pression of HSD17B8 in normal tissues was higher than that
in lobular breast cancer and ductal breast cancer tissues.
Moreover, HSD17B8 was highly expressed in glandular cells,
myoepithelial cells of normal tissues, but had almost no ex-
pression in adipocytes (Figure 10A-10C).

Downloading the HSD17B8 protein expression levels of breast
cancer patients from the CPTAC database showed a total of
133 tumor samples and 18 adjacent normal samples (from
125 breast cancer patients, among them, 18 breast cancer
patients provided normal adjacent tissue). The difference in
the expression of HSD17B8 between normal adjoining breast
tissues and breast cancer tissues was compared. The results
showed that in normal adjacent tissues, the protein expression
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Figure 7. The verification results of Kaplan-Meier plotter database. (A) The Kaplan-Meier survival curve of OS and ABCA1 expression.
(B) The Kaplan-Meier survival curve of OS and LPIN1 expression. (C) The Kaplan-Meier survival curve of OS and HSD17B8

expression.

of HSD17B8 was much higher than that in breast cancer tis-
sues (P <0.001) (Figure 10D).

Correlations Between Clinical Characteristics and HSD17B8

The TCGA-BRCA dataset has a total of 1018 breast cancer pa-
tients’ age information, which were divided into the youth
group (n=150), the middle-aged group (n=417), and the elder-
ly group (n=451). Excluding 22 patients without stage infor-
mation, the remaining 996 patients were divided into stages
I (n=177), Il (n=566), Ill (n=234), and IV (n=19). Among 1018

breast cancer patients, 43 patients with unknown PR status
were excluded, leaving 975 patients. These 975 patients were
divided into the PR-positive group (n=650) and PR-negative
group (n=325) (Table 5). The Kruskal-Wallis test was used to
assess differences in expression of HSD17B8 among age and
cancer stage groups. The Wilcoxon test was used to detect
differences in the expression of HSD17B8 between the PR-
negative group and PR-positive group. The analysis results
showed that the expression of HSD17B8 in the elderly group
was significantly higher than that in the middle-aged group
(P<0.05), but there were no significant differences among the
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Figure 8. The verification results of GEPIA database. (A) The Kaplan-Meier survival curve of OS, DFS, and ABCA1 expression. (B) The
Kaplan-Meier survival curve of OS, DFS, and LPIN1 expression. (C) The Kaplan-Meier survival curve of OS, DFS, and HSD17B8

expression.

Indexed in:

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€934424-13




DATABASE ANALYSIS

Nie Y. et al:
The obesity-related metabolic gene HSD17B8...
© Med Sci Monit, 2022; 28: €934424

A
- Breast-cancer ‘ Breast-Normal
<0.007***
12 | |
‘ o
°
9 -
s
qé- '
6 $
$
! °
8
®
3 )
®

Breast-cancer Normal

B
- Basal
B Her

— Luminal
- Luminal A

- Luminal B
B ™ec

Subtype p-value
Basal vs HER2 <0.001%**
Basal vs Luminal A <0.007***
Basal vs Luminal B <0.007%**
Basal vs Luminal <0.001%**
Basal vs TNBC 0.002**
HER2 vs. Luminal A <0.007%**
HER2 vs. Luminal B <0.001%**
HER2 vs. Luminal <0.001***
HER2 vs. TNBC 0.009**
Luminal A vs. Luminal B 0.343 NS
Luminal A vs. Luminal 0.064 NS
Luminal A vs. TNBC <0.007%**
Luminal B vs. Luminal 0.135NS
Luminal B vs. TNBC <0.001***
Luminal vs. TNBC <0.007%**

7 py °
5 ] °
g 3
]
5 py P
°
3 e
Basal HER2 ~ Luminal Luminal A LuminalB  TNBC

Figure 9. The HSD17B8 expression of breast cancer patients. (A) The HSD17B8 expression of normal breast tissues and breast cancer
tissues. (B) The HSD17B8 expression of different subtypes of breast cancer.

other age groups. We found no significant difference in the
expression of HSD17B8 among the cancer-stage groups. In
the PR groups, we found that the expression of HSD17B8 in
the PR-positive group was significantly higher than that in the
PR-negative group (P<0.001) (Figure 11). We found that the
HSD17B8 gene protects against breast cancer. Higher HSD17B8
RNA/protein expression was associated with better prognosis
of breast cancer patients. High expression of HSD17B8 may
be the reason why PR-positive breast cancer patients had a
better prognosis than PR-negative patients.

Discussion

Systemic treatment of breast cancer has mainly consisted of che-
motherapy, immunotherapy, and targeted therapy, but some cor-
responding adverse effects or other disadvantages are inevitable.

Because of the high sensitivity of breast cancer cells to che-
motherapy drugs, chemotherapy has become an important
tool at all stages of breast cancer. Capecitabine, a chemo-
therapeutic drug most commonly used clinically, can signifi-
cantly improve the OS and DFS of breast cancer patients [29].
However, chemotherapy is prone to drug resistance and se-
vere adverse reactions. Long-term use of Capecitabine greatly
increases the prevalence of grade 3/4 diarrhea and hand-foot
syndrome [30]. Programmed death-1 (PD-1) and programmed
death-ligand 1 (PD-L1) inhibitors are well-known drugs (com-
bined with PD-1/PD-L1) in immunotherapy that can promote
T lymphocytes to recognize and kill tumor cells and reduce the
immune escape ability of cancer cells [31]. PD-1/PD-L1 immu-
notherapy has few adverse effects but has more significant
limitations. Since breast cancer is classified as a non-immu-
nogenic tumor, not all breast cancer subtypes are suitable for
immunotherapy.
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Figure 10. The results of immunochemical staining and expression of HSD17B8 protein. (A) The HSD17B8 immunochemical staining
results of normal tissues. (B) The HSD17B8 immunochemical staining results of lobular carcinoma. (C) The HSD17B8
immunochemical staining results of duct carcinoma. (D) The HSD17B8 protein expression between breast cancer and

adjacent normal tissue.

Normal cells and tumor cells differ in expression of many
genes, and these differences can be used as targets. Targeted
therapy uses molecularly targeted drugs to regulate these tar-
gets and block the signal transduction of tumor cells, there-
by inhibiting or killing tumor cells. The cyclin-dependent ki-
nase 4 and 6 (CDK4/6) inhibitor Palbociclib (PD0332991)
can inhibit CDK4/6 activity, blocking tumor cell prolifera-
tion [32]. Many clinical trials have confirmed that the use of
Palbociclib can significantly improve the OS of breast can-
cer patients [33,34]. Targeted therapy has received increas-
ing attention for its advantages of few adverse effects and
strong efficacy. The focus of research on targeted therapy de-
velopment has been to find target genes related to the on-
set, treatment, and prognosis of cancer and to develop drugs
targeting specific genes.

In the present study, we used the data of public databases
GEO and TCGA to preliminarily screen out the 3 obesity-re-
lated metabolic genes (ABCA1, LPIN1, and HSD17B8) related
to the prognosis of breast cancer patients, but only HSD17B8
has passed the secondary verifications. HSD17B8 is associat-
ed with the prognosis of breast cancer patients and it is also
a protective gene. The higher the RNA/protein expression of
HSD17B8 in breast cancer patients, the better the progno-
sis. The expression of HSD17B8 in breast cancer subtypes
with poor prognoses, such as TNBC, basal-like breast cancer
(BLBC), and HER2 breast cancer, were all significantly low-
er than those with better prognosis, such as Luminal A and
Luminal B breast cancer. We also found that the expression
of HSD17B8 in the progesterone receptor (PR)-positive group
was significantly higher than that in the negative group. The

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€934424-15




Nie Y. et al:
The obesity-related metabolic gene HSD17B8...
© Med Sci Monit, 2022; 28: €934424

DATABASE ANALYSIS

Table 5. Clinical information of breast cancer patients.

Number (%)

Clinicopathological characteristic

Mean exp

Stage (n=996)

[ 177 (17.8%) 6.473 1.059 0.08
"""" W 566 (568%) 6405 1068 0045
"""" W 234 (35% 6613 088 0058
"""" v o 19 (9% 6516 1035 0237
Progesterone receptor (1=975)
"""" Negatve =~ 325 (333%) 5915 1226 0068
"""" Postve 650 (667% 6721 0804 0032
CAge(n=1018)
"""" Theyouth 45) 150 (147%) 9438 1011 0083
"""" The middle aged 45-600 417 (410%) 933 1105 0054
"""" Theelderly >60) 451 (443%) 9529 1098 0052

increased expression of HSD17B8 means a better prognosis,
suggesting that PR-positive breast cancer patients tend to
have a better prognosis. In clinical practice, the prognosis of
PR-positive breast cancer patients is indeed better than that
of PR-negative patients, suggesting that high expression of
HSD17B8 is one of the reasons PR-positive patients tend to
have a better prognosis.

Obesity is closely related to abnormal fatty acid synthesis.
Cells contain 2 fatty acid synthesis systems, one in the cyto-
plasm (catalyzed by fatty acid synthase) and the other in the
mitochondria (mitochondrial fatty acid synthesis [mtFAS]) [35].
HSD17B8 is the crucial enzyme in the mtFAS pathway [36].
Zeng et al found that compared with normal mice, the expres-
sion of HSD17B8 in the liver and muscle of obese mice was
significantly different, which can result in abnormal mtFAS.
Extensive targeted lipidomics analysis has been used to re-
veal that lipid changes in mtFAS-deficient cells is manifested
as an accumulation of triglycerides, which causes obesity [37].
Therefore, undoubtedly, HSD17B8 is the gene related to obesity.

Additionally, HSD17B8, a metabolic gene and the isomer of the
HSD17B enzyme, regulates the concentration of biologically
active estrogens and androgens. Estrogen is a critical risk fac-
tor for breast cancer [38]. Excessive levels of estrogens, cou-
pled with continuous stimulation of the breast epithelium,
change the endocrine environment and metabolism, leading
to malignant changes in breast cells and inducing breast can-
cer [39,40]. Estrogens drive the occurrence of approximately
80% of all breast cancers. Androgens have always been con-
sidered as “developmental arrest” signals of breast cancer
development [41]. Therefore, androgens can be used to treat
breast cancer or patients who are resistant to estrogens-related

endocrine therapy. The latest research has confirmed andro-
gens agonists are more effective in improving the prognosis
of breast cancer patients than are existing breast cancer treat-
ment drugs such as tamoxifen. In addition, androgens agonists
can be combined with Pabocinil to enhance breast cancer treat-
ment efficacy [42]. Therefore, HSD17B8, which regulates the
concentration of estrogens and androgens, may be a gene re-
lated to breast cancer and may also be a potential target for
targeted therapy. Many scholars have also found that estro-
gen receptors (ERs) promote the expression of estrogen target
genes, leading to the occurrence and development of estrogen-
stimulated breast cancer. Almost 70% of breast cancer patients
are estrogen receptor (ER)-positive. Clinically, ERs antagonists
(such as tamoxifen) are often used as an effective therapy for
breast cancer [43]. However, in the present study, we did not
clarify whether there is an interaction between HSD17B8 and
ERs, so more in-depth research is necessary.

17-B-Hydroxysteroid dehydrogenase type 1 (HSD17B1), which
is also the isomer of HSD17B enzyme, is responsible for the
production of estradiol (E2), the most potent estrogen in wom-
en, and 5-androstane-3f,17f-diol (5-diol), which has an es-
sential role after menopause [44]. Undoubtedly HSD17B1 is
a treatment target for estrogen-dependent diseases such as
breast cancer. In addition, in a population-based case-control
study, Collin et al found that HSD17B1 and 17 beta-hydroxys-
teroid dehydrogenase type 2 (HSD17B2) are both related to
the recurrence of breast cancer [45]. Breast cancer patients
with increased HSD17B1 expression, without a correspond-
ing increasing expression of HSD17B2, may develop resis-
tance to tamoxifen treatment by producing higher local con-
centrations of E2, which compete with tamoxifen for binding
to the ERs. Through homology modeling and docking studies,
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Figure 11. The correlation between HSD17B8 expression and clinical characteristics. (A) The correlation between HSD17B8 expression
and PR. (B) The correlation between HSD17B8 expression and stage. (C) The correlation between HSD17B8 expression and

age.

Cortés-Benitez et al found that regulating the expression of
17 beta-hydroxysteroid dehydrogenase type 3 (HSD17B3)
helps to improve the metabolic stability and cytotoxicity of
breast cancer cells [46]. 17 beta-hydroxysteroid dehydroge-
nase type 7 (HSD17B7) has also been proven to be a ther-
apeutic target for breast cancer [47,48]. The above HSD17B
enzyme isomers both are seen as breast cancer therapeutic
targets, further supporting that HSD17B8, which is also an en-
zyme isoform of HSD17B, may also become a new breast can-
cer treatment target.

The present study provides a reference for the follow-up study
of breast cancer with metabolism and obesity. Although we only
used data from public databases for analysis, the analyzed data
were selected from multiple databases. The results have passed
various verifications, which guarantees a high level of reliability
of the results. In addition, mining the published data again and
obtaining valuable information from it also enables the data
to be used twice, which increases the value of the data. The

Supplementary Materrials

Supplementary Table 1. Metabolism-related genes.
Supplementary Table 2. The DEGs of GSE151839.

lack of in vivo/in vitro verification is a limitation of the present
study, but we firmly believe that the screening results of the
study are reliable, and subsequent experiments are in progress.

Conclusions

(1) As an obesity-related metabolic gene, HSD17B8 can accu-
rately predict breast cancer patient prognosis. (2) HSD17B8
protects against breast cancer. The higher the RNA/protein
expression of HSD17B8, the better the prognosis of breast
cancer patients.
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Supplementary Table 3. The clinical data of the TCGA-BRCA dataset.
Supplementary Tables 1-3 available from the corresponding author on request.
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