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Background: Pancreatic cancer (PC) is a leading cause of cancer mortality worldwide. 
Hydroxysteroid dehydrogenase like protein 2 (HSDL2) is overexpressed in a variety of 
malignant tumors and is might be closely related to the development of cancer. It also 
regulates different metabolism and signaling pathways.
Purpose: The purpose of this research was to find HSDL2 expression levels and investigate 
its underlying molecular mechanism in PC.
Patients and Methods: In the present study, a total of 66 PC samples and 54 normal 
tissues were used to examine the expression of HSDL2. In order to gain a broader insight 
into the molecular mechanism of HSDL2 in PC, the HSDL2 siRNA sequences were 
transfected into PC cell lines (Bxpc-3 and Panc-1), respectively. Cell proliferation was 
measured by MTT, colony formation assay and EdU assays. Furthermore, the lipid metabo
lism process was evaluated by triglyceride and phospholipid assay kits, BODIPY 493/503 
staining and the expression of several pivotal lipid metabolic enzymes in PC.
Results: In this study, HSDL2 was highly expressed in PC and connected with shorter 
overall survival. When HSDL2 was silenced, the cell proliferation was significantly reduced, 
and the lipid metabolism was further inhibited.
Conclusion: High expression of HSDL2 plays an important role in the progression of PC 
and might be a potential new biomarker of poor prognosis as well as a therapeutic target in 
the future.
Keywords: HSDL2, proliferation, pancreatic cancer, lipid metabolism, prognosis

Introduction
Pancreatic cancer (PC) is one of the deadliest malignancies in the world and is 
arguably one of the most difficult to diagnose and cure. Because of the absence of 
reliable early biomarkers and efficient therapies, approximately 80% of patients 
with pancreatic cancer are diagnosed at an advanced stage,1 and the 5-year survival 
rate remains below 9%.2 Even worse, pancreatic cancer is not sensitive to both 
radiotherapy and chemotherapy. Thus, the development of effective therapeutic 
agents is urgently needed to overcome pancreatic cancer.

Previous studies have shown that short-chain dehydrogenases/reductases 
(SDRs) play important roles in many diseases through regulating different signal 
and metabolic pathways. SDRs are mostly NAD+ or NADP+ dependent 
oxidoreductases,3 which can catalyze the oxidation and reduction of a variety of 
substrates, including steroids, fatty acids, sugars, retinoids and isovitamins.4 SDRs 
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are also involved in the regulation of many other diseases, 
such as Alzheimer’s disease, cancer and obesity.5–7

Hydroxysteroid dehydrogenase-like 2 (HSDL2), 
a member of the SDR family, is over 90 kb in length, 
has 11 exons and consists of 418 amino acids.8 HSDL2 
has been identified as an effective fatty acid regulatory 
factor in lipid metabolism.9,10 Abnormal lipid metabolism 
is an established hallmark in various human cancers. 
HSDL2 abnormal expression was associated with many 
cancers. For example, the promotion effect of HSDL2 on 
the progression of lung adenocarcinoma cells depended on 
the AKT2 expression level.11 In bladder cancer HSDL2 
plays an oncogenic role.12 And in human ovarian cancer 
HSDL2 knockdown inhibited cell proliferation, colony 
formation, motility and tumorigenesis.13 But the expres
sion and functional roles of HSDL2 in PC have not been 
fully investigated.

Energy is essential for the growth of tumor cells, and 
metabolic alterations are required to maintain the prolif
erative potential of growing tumors.14,15 More and more 
evidences have shown that aberrant lipogenesis may cause 
cancer, and, with unlimited adipogenesis, sufficient lipid 
building blocks are provided for cancer cells to support 
their uncontrolled proliferation.16–18 Recently, Lee et al 
observed that branched-chain amino acids sustain metabo
lism and thus play a main role in pancreatic ductal adeno
carcinoma (PDAC) growth by adjusting lipogenesis.19 

HSDL2 has received widespread attention for its possible 
involvement in lipid metabolism, and it is also well known 
as one of the major tumor markers when lipid metabolism 
is abnormal. However, the expression of HSDL2 in cell 
growth and lipid metabolism of PC remains unclear.

Herein, we first investigated that HSDL2 was upregu
lated in PC tissues and indicated exacerbated prognosis in 
PC. More essentially, functional experiments validated that 
the expression of HSDL2 significantly correlated with PC 
cell proliferation. Additionally, we also newly revealed 
that HSDL2 triggered the tumorigenesis through lipid 
metabolism in PC. In conclusion, HSDL2 plays a fatal 
role in a variety of PC progression, which indicates that 
HSDL2 may become a novel target in biotherapy and 
prognosis of PC.

Patients and Methods
Ethical Statement
This study was carried out in accordance with the princi
ples of Helsinki Declaration and was approved by Human 

Ethics and Research Ethics Committee of Medical School 
of Yanbian University. Patients were acquainted that the 
excised samples stored by the hospital were possibly uti
lized to identify information/images (if applicable) for 
scientific researches and publication, and their privacies 
were guaranteed to be protected. All patients provided 
informed consent. The follow-up survival data were col
lected retrospectively through medical-record analyses.

Clinical Specimens
PC tissue specimens were randomly selected from 
Shanghai Outdo Biotech Co. Ltd. The ratio of normal 
pancreatic tissue in PC tissue was 54:66. The samples 
included patients who underwent surgery from 2009 to 
2014, and followed up on their survival status. Clinical 
pathological parameters containing gender, age, tumor 
size, clinical stage, location of tumor, lymphatic metastasis 
and survival data were meticulously inspected. The male- 
to-female ratio was 39:29. Ages of patients ranged from 38 
to 90. A total of 37 of 66 PC specimens were staged as I– 
IIA and 25 as IIB-IV, and others were not specified. None 
of these patients had received preoperative adjuvant che
motherapy or radiotherapy.

Immunohistochemistry (IHC)
Sample sections were dewaxed and hydrated with xylene 
and ethanol, then repaired with citrate antigen. The endo
genous peroxidase activity of tissue sections was cooled 
with 3% H2O2. HSDL2 protein antibody was diluted 
(Proteintech, USA, 1:200) and used for incubation at 4°C 
overnight. Tissues were stained with DAB after incubating 
with secondary antibodies at room temperature and then 
dipped with hematoxylin on the second day. Finally, after 
dehydration with ethanol and permeation with xylene, the 
tablets were sealed with neutral gum. Samples were classi
fied according to the degree of staining and the percentage of 
positive cells. The dyeing intensity was 0 (no staining), 1 
(light yellow), 2 (brown yellow) and 3 (tan). Percentage of 
positive cells was 0 (<10%), 1 (10–25%), 2 (26–50%), 3 
(51–75%), 4 (76–100%). The multiplication of the staining 
intensity and the percentage of stained positive cells is the 
positive grade, 0 (-), 1–4 (+), 5–8 (++), 9–12 (+++). And (-) 
is regarded as negative, (+) is regarded as weak positive, (+ 
+) and (+++) are regarded as strong positive expression.

Cell Culture
PC cell lines including Bxpc-3, and Panc-1 from the Cell 
Bank in the Chinese Academy of Medical Sciences 
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(Shanghai, China) were stored at the Cancer Research 
Center of Yanbian University. Cells were cultured with 
DMEM (Gibco, Gaithersburg, MD, USA) and exposed to 
10% fetal bovine serum, 100 U/mL penicillin and 100 
μg streptomycin, incubated at 37°C and 5% CO2.

Western Blot Analysis
RIPA lysate containing protease inhibitors and phospha
tase inhibitors was added to collected cells to extract the 
total protein of the cells. The protein was separated by 
SDS-polyacrylamide gel and transferred onto the PVDF 
membrane. HSDL2 antibody was incubated overnight at 
4°C. The secondary antibody incubation was carried out at 
room temperature for 1 h, and the PVDF membrane was 
detected by enhanced chemiluminescence.

MTT Assay
Each cell suspension was diluted and seeded in a 96-well 
plate (5000 cells/well), cultured at 37°C and 5% CO2. 
After 24, 48, 72 and 96 h of incubation, the supernatant 
was discarded, and 20 μL of MTT (5 mg/mL) was added 
to each well and incubated about 4 h, then DMSO was 
used to mix thoroughly for 10 min. Cell absorbance was 
detected at 570 nm.

Colony Formation Assay
The cells were seeded in a 6-well plate (1000 cells/well) 
and cultured in 37°C, 5% CO2 for 20 days. After discard
ing the supernatant, cells were fixed by 4% paraformalde
hyde for 15 min, and hematoxylin was used for staining 
for 30 min. Finally, the colonies were pictured and counted 
correctly.

5-Ethynyl-2ʹ-Deoxyuridine (EdU) 
Incorporation Assay
Cell-Light™ EdU Apollo®488 In Vitro Imaging Kit 
(RiboBio) was used according to the manufacturer’s 
instructions. Cells were incubated with 50 μM EdU at 
room temperature for 2 h, then fixed with 4% paraformal
dehyde for 15 min and soaked with 0.5% Triton X-100 for 
20 min. Hoechst 33,342 stain was used for 15 min. Finally, 
the cells were observed under the Leica Sp5II-CLSM 
microscope.

Transfection
According to the manufacturer’s instructions, siRNA tar
geting HSDL2 gene (si-HSDL2) was transfected with 

Lipofectamine 3000 (Invitrogen, CA, USA). All sequences 
(Table 1) were synthesized by RiboBio (Guangzhou, 
China). Nonspecific siRNA sequence was used as negative 
control (si Control).

Detection of Triglyceride and 
Phospholipid Content
Each well was seeded with 1×106 cells in a 6-well plate, 
and the cells were cultured at 37°C, 5% CO2. The trigly
ceride and phospholipid kit were purchased from the 
Nanjing Jiancheng Bioengineering Institute (Nanjing, 
China). The triglyceride and phospholipid levels of col
lected cells were detected using the corresponding kit in 
strict accordance with the kit instructions.

BODIPYTM 493/504 Staining
Cells grown on 6-well culture slides were fixed with 4% 
paraformaldehyde. After washing with PBS, BODIPYTM 

493/504 staining solution was used for incubation for 15 
min in the dark. At the end, the plate was mounted by film 
and quickly observed under the microscope.

Statistical Analysis
SPSS 20.0 software and Graph Pad Prism 8.0 were used 
for data analysis. Kaplan–Meier method was used to ana
lyze survival curve, and logarithmic rank test was used to 
analyze the difference of survival curve. The prognostic 
significance of univariate and multivariate models was 
analyzed. All the results were confirmed by three indepen
dent biochemical experiments, and the results were 
expressed as mean ± SD. The value of P < 0.05 was 
considered to be statistically significant.

Results
HSDL2 Was Overexpressed in PC
The expression of HSDL2 in normal tissues and PC tissues was 
detected by IHC. IHC staining showed that HSDL2 expression 
was negative in normal adjacent tissues, while positive in PC 
tissues. In the meantime, HSDL2 was mainly expressed in 
cytoplasm, and there is also a small amount of expression in 
nucleus (Figure 1A). In addition, the positive rate of HSDL2 

Table 1 siRNA Sequence21

si-HSDL2#1 5ʹ-GGCAAAGCTATTGCATTGA-3ʹ
si-HSDL2#2 5ʹ-CTTCTAGGCACAATCTATA-3ʹ
si-HSDL2#3 5ʹ-GCAGCAAAGGATGGAGCAA-3ʹ
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expression in PC tissues was 74.2% (49/66), which was sig
nificantly higher than in adjacent tissues (53.7%, 29/54; 
P<0.05). Similarly, the strongly positive rate of HSDL2 in 
PC tissues was 53.0% (35/66), which was markedly higher 
than inadjacent tissues (16.7%, 9/54; P<0.01). (Figure 1B). 
The clinicopathological characteristics of patients with PC was 
shown in forest plots (Figure 1C). We observed that HSDL2 
expression was significantly associated with histological grade 
(P=0.038) and location of tumor (P=0.015). However, the 
expression of HSDL2 was irrelevant to gender, age, tumor 
size, clinical stage and LN metastasis.

Upregulation of HSDL2 Was Associated 
with the Poor Prognosis of PC
We further investigated the prognosis value of HSDL2 
expression in PC. Forest plots showed the results of uni
variate Cox regression analysis (Figure 2A): we observed 
that high-level expression of HSDL2 related to patients’ 
stage (P=0.029, HR=1.857, 95% CI=1.067 to 3.231) and 
LN metastasis (P=0.045, HR=1.764, 95% CI=1.013 to 
3.073). Furthermore, multivariate Cox regression analysis 
was followed to reveal that HSDL2 expression was 

validated as an independent indicator of overall survival in 
PC (P=0.014, HR=2.14, 95% CI=1.17 to 3.916). By inter
rogating publicly available data we found that HSDL2 
expression was strongly correlated with PC patients’ overall 
survival (Figure 2B) in The Human Protein Atlas (https:// 
www.proteinatlas.org/). Similarly, Kaplan–Meier analysis 
showed that the overall survival rates were significantly 
higher in patients with HSDL2-negative expression than 
HSDL2-positive expression (Figure 2C). Additionally, com
pared with negative HSDL2 expression patients, patients 
with well-differentiated status (both P=0.018), early clinical 
stages (P=0.025) and LN metastasis (-) (P=0.034), had sig
nificantly curtailed OS (Figure 2D, F and H). However, 
HSDL2-positive expression patients with moderate differ
entiation, late stage and LN metastasis (+) is not obvious 
(Figure 2E, G and I). These results suggested that HSDL2 
might be a novel prognostic biomarker of PC.

HSDL2 Promoted the Proliferation of PC 
Cells
To further investigate the role of HSDL2 in PC cells, we 
designed two different siRNAs to reduce the expression of 

Figure 1 HSDL2 was highly expressed in PC: (A) Expression level of HSDL2 was investigated by IHC staining in normal pancreatic tissues and pancreatic cancer tissues. The 
red arrow is the nucleus, the green arrow is the cytoplasm. (B) Statistical results of IHC that HSDL2 protein had strongly positive and positive staining rates in pancreatic 
cancer tissues and adjacent tissues (200×). (C) Correlation between HSDL2 expression and the clinicopathological features of PC by forest plots. *P<0.05, **P<0.01.
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HSDL2 in PC cell lines, including Bxpc-3 and Panc-1 
cells. We observed the expression level of HSDL2 was 
significantly suppressed in si-HSDL2#1 group, si- 
HSDL2#2 group and si-HSDL2#3 group compared to si- 
Control group by Western blot; especially, the inhibitory 
effect of si-HSDL2#2 group was the most obvious. 
Therefore, si-HSDL2#2 was selected for the follow-up 
experiments (Figure 3A). Next, in order to observe the 
function of HSDL2 in proliferation of PC cells, MTT 
assays were utilized to show that proliferative capability 
of PC cells was obviously suppressed among si-HSDL2 
groups (Figure 3B). In the meantime, after silencing 
HSDL2, the colony formation ability of PC cells was 
also inhibited (Figure 3C). Additionally, EdU cell prolif
eration staining showed that immunofluorescence intensity 
was significantly reduced in si-HSDL2 groups 
(Figure 3D). Western blot was used to analyze the 

expression of cell cycle-related proteins (CDK1, 
cyclinB1 and cyclinD1), and the results showed that the 
levels of CDK1, cyclinB1 and cyclinD1 decreased slightly 
after HSDL2 silencing (Figure 3E). Taken together, these 
results indicated that HSDL2 promoted the proliferation of 
PC cells.

HSDL2 Was Associated with Lipid 
Metabolism in PC
To determine the function of HSDL2 in lipid metabolism, we 
found the genes by GO biological process analysis, and the 
bubble chart showed that HSDL2 was closely related to the 
fatty acid metabolic process (Figure 4A). In addition, GEPIA 
database (http://gepia.cancer-pku.cn/) showed significant cor
relation between HSDL2 and key factors of fatty acid synthesis 
(SRBEF1, ACC1) (Figure 4B). Next, the phospholipid and 
triglyceride assay kits showed that, after silencing HSDL2, the 

Figure 2 The correlation between HSDL2 expression and prognosis of PC patients. (A) Forest plots showed the results of univariate and multivariable logistic regression 
analysis. (B) The implication of HSDL2 in survival of patients with PC in different expression level of HSDL2 was determined in The Human Protein Atlas. (C) Overall 
survival rates of PC patients in different expression level of HSDL2 analyzed by Kaplan–Meier. (D and E) Overall survival rates of PC patients with good differentiation and 
moderate differentiation in relation to HSDL2 expression. (F and G) Overall survival rates of PC patients with early stage and late stage in relation to HSDL2 expression. 
(H and I) Overall survival rates of PC patients with LN metastasis (-) and LN metastasis (+) in relation to HSDL2 expression.

OncoTargets and Therapy 2021:14                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
439

Dovepress                                                                                                                                                              Han et al

http://gepia.cancer-pku.cn/
http://www.dovepress.com
http://www.dovepress.com


Figure 3 Inhibition of HSDL2 suppressed PC cell proliferation and cell cycle. (A) HSDL2 expression level in si-HSDL2#1, si-HSDL2#2 and si-HSDL2#3 was exhibited by 
Western blot, while β-Actin was used as a loading control in Bxpc-3 and Panc-1 cells. (B) The proliferative capacity of PC cells was obviously reduced after silencing of 
HSDL2 in MTT assay. (C) The colony-forming ability of PC cells was attenuated by HSDL2 silencing. (D) The effect of HSDL2 expression on PC cell proliferation was 
measured by EdU assay. (E) Compared with the control group, knockdown HSDL2 regulated cell cycle protein (CDK1, cyclinB1, cyclinD1) in Bxpc-3 and Panc-1 cells by 
Western blot. *P<0.05, **P<0.01.
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Figure 4 Si-HSDL2 altered lipid metabolism of PC. (A) GO analysis indicated fatty acid metabolic process as the main part involved GO term in relation to HSDL2 
expression. (B) HSDL2 was significantly associated with lipogenesis gene SREBF1 and ACC1. (C) Correlation between HSDL2 expression and phospholipid and triglyceride 
level was detected by phospholipid and triglyceride kit assay. (D) HSDL2 silencing decreased the contents of lipid production in Bxpc-3 and Panc-1 cells through BODIPY 
493/503 staining. (E) Compared with the control group, HSDL2 gene silencing regulated lipogenesis genes (FASN, ACC1, ACSL1, SREBP1) in Bxpc-3 and Panc-1 cells by 
Western blot. **P<0.01.
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expression of phospholipid and triglyceride was significantly 
reduced. Simultaneously, we performed BODIPY 493/503 
staining and found that HSDL2 knockdown reduced the intra
cellular contents of neutral lipids, and the results of BODIPY 
493/503 staining were paralleled with the phospholipid and 
triglyceride assay kits (Figure 4C and D). Simultaneously, we 
utilized Western blotting to probe the effects of HSDL2 on 
several pivotal lipid metabolic enzymes (FASN, ACCI, 
ACSL1 and SREBP1). The result showed that FASN, ACCI 
ACSL1 and SREBP1 were all fairly down-regulated in si- 
HSDL2 groups of PC cells (Figure 4E). In conclusion, these 
results showed that HSDL2 may promote progression of PC 
through lipid metabolism.

Discussion
Hydroxysteroid dehydrogenase like 2 (HSDL2), a member 
of SDRs family, consists of a C-terminal SCP2-like 
domain and an N-terminal SDR domain. HSDL2 was 
located in 32 regions of the long arm of chromosome 9, 
and its cDNA length was 3211 bp.8 The protein is com
posed of 418 amino acids and contains a SCP2 domain, 
which is involved in many diseases, such as cancer and 
obesity.6 However, the role and molecular mechanism of 
HSDL2 in tumor progression seem to be diverse and 
complex, and further research is needed.

Previous study reported that HSDL2 was highly expressed 
in ovarian cancer and correlated with poor outcomes.13 Hence, 
we performed a series of assays to demonstrate the deduction. 
We firstly found that HSDL2 was obviously overexpressed in 
PC tissues and located in cytoplasm. The overexpression of 
HSDL2 was significantly correlated with clinical stage and the 
location of tumor. Of note, HSDL2 overexpression was sig
nificantly related to poor prognosis of PC patients, even includ
ing patients with early stage and without LN metastasis. We 
considered that high expression of HSDL2 may be involved in 
early tumor formation. These results were in agreement with 
the study of Zeng et al which showed that down-regulated 
HSDL2 expression suppresses cell proliferation and promotes 
apoptosis in papillary thyroid carcinoma.20 Dong et al21 

reported that HSDL2 was strongly positive staining in breast 
cancer, and furthermore that knockdown of HSDL2 inhibited 
the proliferation and induced cell cycle arrest of breast cancer 
cells. Therefore we considered that HSDL2 may take part in 
the proliferation in PC cells and performed MTT, colony and 
EdU assays which confirmed this hypothesis. The above 
results showed that HSDL2 promoted the capability of cell 
growth in vitro and might be a new marker of early diagnosis 
of PC.

Abnormal lipid metabolism is one of the main signs of tumor 
development.22 The increased production of lipids promoted lipid 
synthesis in cell membranes, thereby facilitating the rapid growth 
of cancer cells. SCP2, a domain of HSDL2, could not only 
regulate cholesterol in organelles and affect liver cholesterol 
accumulation,23 but also regulated isoprenoid and cholesterol 
metabolism, steroid production, peroxisome oxidation of branched 
and long-chain fatty acids, and absorption of cholesterol.24–30 In 
addition, HSDL2 was located in peroxisomes and mitochondria 
which are especially pivotal for the lipid activity. But whether there 
is a correlation between HSDL2 and lipid metabolism in PC 
remains unclear. GO analysis showed that HSDL2 was intimately 
related to the fatty acid process. Accordingly, we observed that 
triglyceride and phospholipid were down-regulated in the HSDL2- 
depleted pancreatic cancer cells through triglyceride, phospholipid 
assay kits and BODIPY 493/503 staining. In addition, Western 
blotting experiments were carried out to confirm that HSDL2 
plays an important role in fatty acid metabolism. The critical 
enzymes of lipid metabolism such as FASN, ACC1, ACSL1 
and SREBP1 were all down-regulated after depletion of 
HSDL2. The results above reminded us that HSDL2 functions 
as the momentous factor in altered lipid metabolism promoting 
cancer progress. It highlights the applicability of HSDL2 as 
a potential target of a wide range of therapeutic methods.

Currently, many studies have reported that HSDL2 partici
pates in several signaling pathways in tumor cells and plays 
facilitating roles in cancer progression, metastasis and inva
sion. However, Zhang et al found that HSDL2 is mainly 
expressed in the nucleus and overexpression of HSDL2 inhib
ited cell proliferation and activated apoptosis in 
cholangiocarcinoma.31 Therefore, we speculated that the “dua
lity” of HSDL2 may be related to the following aspects: 1) 
Different localization of HSDL2 in different tumor cells leads 
to different biological processes and signal pathways involved 
in HSDL2. 2) Tissue specificity or/and the microenvironment 
of different tumors may also lead to the differential expression 
of HSDL2. 3) Related oncogene/tumor suppressor genes may 
also influence the biological action of HSDL2. Hence further 
study is also necessary to explicate the mechanism underlying 
HSDL2 overexpression in pancreatic cancers.

In summary, we confirmed for the first time that the 
expression of HSDL2 is upregulated in PC tissues and cell 
lines, and the expression of HSDL2 is closely related to 
the survival of patients. In addition, we found that HSDL2 
gene knockout can inhibit the proliferation of PC cells. 
Most importantly, these findings gave new insights into the 
role of HSDL2 in the lipid metabolism of PC, but the 
specific mechanisms need further research to confirm. 
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Hence, our study linked HSDL2 to PC progression and 
established HSDL2 as a promising biomarker of clinical 
prognosis and a novel therapeutic target in PC.
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