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DHRS2 is a potential marker of breast cancer metastasis☆ 
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c Department of Immunology, Aziz Sancar Institute of Experimental Medicine, İstanbul University, İstanbul, Turkey   

A R T I C L E  I N F O   

Keywords: 
DHRS2 
Migration 
MCF7 
Breast cancer 
RNAi 

A B S T R A C T   

Background: Although breast cancer treatment success has increased, biomarkers are still important. The dehy
drogenase/reductase DHRS2 has a role in the metabolic and survival activities of cells. DHRS2 directly binds 
MDM2 and inhibits the cellular processes of p53. Our study aimed to examine cellular response to inhibit DHRS2 
gene expression in the breast cancer cell line MCF7. 
Methods and results: The RNAi suppressed DHRS2 expression has been investigated in the breast carcinoma cell 
line MCF7 and, different study groups were formed to observe the impact. Afterward, an apoptotic marker was 
applied to the groups for measuring the amount of apoptotic and necrotic cells by flow cytometer. Cells were 
stained with trypan blue for cell viability, and we used an MTT assay for cellular proliferation measurement. 
Finally, migration experiments were performed using the wound healing model, and their gap width was 
calculated with the ImageJ program. Comparing to the non-transfected cells (NTC), the apoptotic cell number of 
non-targeting (NT) and DHRS2 siRNA (si-DHRS2) transfected groups had less quantity. While there was no 
critical difference in proliferation and viability, DHRS2 deficient cells gave the lowest closure rate than control 
groups in migration tests. The gene silencing rates of all groups were controlled by quantitative PCR. 
Conclusions: The migration assay results of DHRS2 inhibition, the gene popularity is increasing day by day in the 
literature, will be pioneers for metastasis studies. It is also usual that cell apoptosis and proliferation, which have 
many regulatory mechanisms, are not critically affected by the absence of DHRS2.   

1. Introduction 

Every year hundreds of thousands of women are diagnosed as breast 
cancer patients, and many women die because of the disease. Molecular 
genetics of this heritability cancer is known with the key lines. Thus, 
more detailed studies are needed to understand the cellular mechanism 
of breast cancer. 

SDR family proteins have many isoforms in different tissues and take 
other cellular processes as a catalyzer. Their substrates are variable, and 
they convert steroid hormones, retinoids, and prostaglandins from an 

active form to an inactive form. SDR enzymes are determinative on 
critical functions like cell cycle control because of their effects on reg
ulatory molecules (Oppermann et al., 2001; Bray et al., 2009; Pellegrini 
et al., 2002). 

SDR family member DHRS2 (Hep27) is located long arm of chro
mosome 14, and its transcript has nine exons. The human DHRS2 gene is 
expressed in the liver where it identified, parotid gland, placenta, ovary, 
breast, and testis tissue (Pellegrini et al., 2002; Shafqat et al., 2006). 
Still, except for dendritic cells, there is no expression of DHRS2 in 
monocytes and monocyte-derived macrophages, according to 
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publications (Heinz et al., 2002). DHRS2 protein is found in the mito
chondrial matrix, nucleus, and cytoplasm. Like other SDR enzymes, it 
blocked signal molecules before they reached their nuclear receptors 
(Monge et al., 2009; Gabrielli et al., 1995). 

Besides roles in metabolic processes, DHRS2 has a tumor suppressor 
feature under inhibition of MDM2 by binding the central domain of the 
protein. Also, DHRS2 contributes to regulating p53 by blocking the E3 
ubiquitinase activity of MDM2. Besides the tumor suppressor activity, 
DHRS2 has a vital role in lipid metabolism and reduces a-dicarbonyl 
compounds for alleviating cellular oxidative stress damage. DHRS2 
takes part in peroxisomal transport (Honda et al., 1997; Geng et al., 
2013; Pei et al., 2012; Chao, 2015). 

Our study shows the DHRS2 effects on ER+ breast cancer cell line 
MCF7 in different methods. 

2. Material and methods 

The effects of DHRS2 were investigated in the MCF7 (ATCC® HTB- 
22™) cell line using siRNA-mediated gene expression silencing, which is 
one of the widespread RNA interference (RNAi) applications. In the 
beginning, we optimized the optimal dose and time interval for the cells. 
According to the quantification results of qRT-PCR, 25 nM siRNA 
(Dharmacon™ SMARTPool™) and 24-hour intervals provided the 
highest efficiency. 

All cells were plated in the culture dishes simultaneously and 
exposed to the same agents to elution the batch effect. We formed three 
groups as DHRS2 siRNA (si-DHRS2), non-targeting siRNA (NT), and 
non-transfected cells (NTC), and these groups were studied in 
duplicates. 

After the incubation times, RNA isolations of experimental groups 
were performed using PureLink® RNA Mini Kit following the manu
facturer's instructions. Total RNA was converted into cDNA with a 
reverse transcription method using the High Fidelity Kit® cDNA Syn
thesis Kit, which was used to determine the expression ratio of the target 
gene via qRT-PCR. The expression level of the DHRS2 gene was deter
mined by comparing it with the housekeeping gene TBP. 

At the end of the 24- and 48-hour incubation periods of the cells, they 
were removed from the surface of 24-well culture dishes by trypsin- 
EDTA, and then the cells were washed with PBS after harvesting trans
ferred to flow tubes. A small part of the harvested cells was stained with 
trypan blue and counted in the Vi-CELLXR device. The other cells were 
divided into two groups, stained with PE Annexin V/7AAD (BD Phar
mingen™) following the manufacturer's protocol and the unstained 
groups. One hundred thousand cells were counted with BD FACSCali
bur™ flow cytometer. Cells were seeded in 96-well plates for cell pro
liferation assay. At the end of the 24, 48, and 72-hour incubation times, a 
metabolic indicator tetrazolium dye MTT was applied to cells, and assay 
protocol was carried out. Plates were read at 540 nm in a Multiskan 
Spectrophotometer. 

When the cells were seeded into 6-well plates with 90–100% 
confluent, we drew a straight line with the 200 μl pipette tip for the 
wound-healing experiment. RNAi application was performed, and we 
photographed gap closure intervals at certain times. A 4× objective lens 
was used in the light microscope to take photographs. Gap width 
measured using the ImageJ program. 

The complete statistical analysis and graph drawings are done with 
GraphPad Prism version 8.0.2. 

3. Results 

Three different doses of siRNA were tried on the MCF7 cell line. 25 
nM, 50 nM, and 100 nM were tested for efficiency, and we continued 
experiments with 25 nM. 

24 and 48-hour experimental groups were formed for ideal siRNA 
activity on MCF7 cells, which has a doubling time of 29 h, and 95% 
suppressed DHRS2 expression at the end of 24 h. Expression data were 

given in Table 1. 

3.1. Cell viability 

The viability of si-DHRS2 cells was found to be lower in the 24-hour 
group compared to the 48-hour. The viable cell counts of transfected 
groups were less than NTC at the end of the 48th hour (Fig. 1). Based on 
NTC, we can say that this situation resulted from the decrement of the 
transfection agent and siRNA activity. 

3.2. Cell proliferation 

We applied MTT assay to cells in three-time intervals. The most 
remarkable difference between the control groups and the si-DHRS2 
group was observed 24 h (reduction was 50%, shown in Fig. 2). How
ever, with the decreased siRNA activity, the si-DHRS2 group control 
cells began behaving like control groups shown in Fig. 3 in 48 and 72 h. 

3.3. Cell apoptosis 

The PE Annexin V staining is a marker for early apoptotic cells. 
Therefore, since the early apoptotic and late apoptotic cannot be 
distinguished, we compared the cells as early apoptotic and late 

Table 1 
qRT-PCR expression results of study groups. si-DHRS2 MCF7 cells had the lowest 
expression of DHRS2 at the end of the 24 h.   

si-DHR6269S2 NT NTC 

24 h 6,22E− 06 7,02E− 04 4,29E− 04 
48 h 7,86E− 02 1,46E− 01 4,12E− 01  

Fig. 1. Viable cell counts presented with columns according to time intervals.  

Fig. 2. Study groups were measured at three different time intervals for pro
liferation determination. 
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apoptotic/necrotic cells. The si-DHRS2 cells and control group data are 
given in Table 2 and Fig. 3. We observed no difference between the si- 
DHRS2 cells with the control groups between the NT siRNA-treated 
cells. Compared to NTC, the apoptosis rates of transfected cells were 
found to be higher. The highest percentage of late apoptotic/necrotic 
cells was measured in si-DHRS2 cells at the 24th hour. 

3.4. Cell migration 

Transfected cells were photographed at 0, 15, 24, 36, and 48 h before 
the wound, using the ProgRes CapturePro v2.8.8 program. The wound 
closure rate was found to be lower in si-DHRS2 cells compared to control 
groups. According to the measurements obtained from the Image J 
program, 51.2% closure was calculated in the si-DHRS2 experimental 
group. In cells treated with NT siRNA, we detected an acceleration in the 
closure after 24 h. The NT group, which we think that the effect of the 
transfection agent is reduced, and the cells are free from gene suppres
sion, showed similarities with the NTC. According to the calculations, 
76.1% of wound closure was observed in NT cells. Unsurprisingly, NTC 
had the highest closure rate (88%) that were not exposed to any agent or 

chemical proliferated in harmony with the 29-hour division time. Im
ages were presented in Fig. 4. 

4. Discussion 

Besides having many subtypes, breast cancer differs in its molecular 
mechanisms. For this reason, studies are aimed at finding possible 
mechanisms of carcinogenesis and new molecular drug markers. 

In this study, cellular changes in the MCF7 cell line with wild-type 
p53 expression and ER+ in the absence of the DHRS2 gene product 
referred to as tumor suppressor was investigated. DHRS2 is an NADPH- 
dependent dehydrogenase/reductase enzyme. Substrates for this 
enzyme include steroid hormones and cytotoxic dicarbonyl in
termediates (Pellegrini et al., 2002; Monge et al., 2009). DHRS2 pre- 
protein, a mitochondrial transport signal, becomes mature after being 
cut in the mitochondria and returns to the nucleus (Gabrielli and Tofa
nelli, 2012). DHRS2 binds to the central domain of MDM2 in the nucleus 
and inhibits the E3 ubiquitinase activity of MDM2, thus providing p53 
stabilization in the cell (Deisenroth et al., 2010). DHRS2 has been re
ported to play a role in p53 regulation, cell cycle, apoptosis, and drug 
resistance in carcinoma cells. It was observed that DHRS2 gene 
expression level increased in cells treated with histone deacetylase in
hibitors, and apoptosis rates are increased in these cells (Han et al., 
2020). However, many studies have emphasized that DHRS2 contributes 
to cell apoptosis by increasing p53 and cleaved-PARP in the cell by 
inhibiting MDM2 (Fang et al., 2016). 

DHRS2 transcription is regulated by oncogenic proteins such as 
HOXA13, c-MYB, a-MYB, and ERM/ETV5 (Monge et al., 2009; Deisen
roth et al., 2010; Han et al., 2018; Lei et al., 2004). Therefore, it would 
be beneficial to think that DHRS2 might be involved more than a single 

Fig. 3. Flow cytometer results of study groups. Annexin V and 7AAD applications were compared at 24 h and 48 h. (1-si-DHRS2, 2-NT, 3-NTC, A-24hr, B-48hr.)  

Table 2 
Flow cytometer results are given at the percentage of the counted cells after 
gated. Two groups have compared each other at 24 and 48-h.   

si-DHRS2 NT NTC 

Early apoptosis 24 h 9,04 13,18 5,39 
48 h 15,91 15,97 14,33 

Late apoptosis & necrosis 24 h 28,10 21,25 13,82 
48 h 12,87 13,06 19,75  
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cellular pathway. 
According to our results, DHRS2 did not significantly impact cell 

viability, proliferation, or apoptosis in knocked-down cells than control 
groups but had an opposite effect on cell migration, unlike reported 
(Zhou et al., 2018). DHRS2 can explain the decrease in cell proliferation, 
and viability is higher in carcinoma cells than normal cells (Pellegrini 
et al., 2002; Li et al., 2019; Yuan et al., 2020). In other words, DHRS2 
has an inducing effect on the proliferation of cancer cells. Another study 
reported that DHRS2 and c-MYB were high in the ER+ luminal A breast 
cancer subtype (Deisenroth et al., 2010). DHRS2 is a dehydrogenase/ 
reductase enzyme that also functions in lipid metabolism (Wang et al., 
2013; Luo et al., 2019). Lipid metabolism is one of the energy metabo
lisms used by cancer cells to escape glycosylation. Since the lack of 
DHRS2 will also decrease metabolic activities, it is an expected result 
that cellular proliferation will reduce, and our MTT experiment results 
were accordant with this expectation. 

In apoptosis assays, the apoptosis rates of si-DHRS2 cells were found 
similar to control cells. However, the highest rate in late apoptotic/ 
necrotic cells was observed in the si-DHRS2 group. These apoptotic cell 
percentages can be explained in two ways. One option, cells escaped 
from apoptosis by suppressing p53 with increased MDM2 activity in the 

absence of DHRS2, and as another option, necrosis occurred due to 
increased stress after siRNA application. It is known that DHRS2 is 
protective against oxidative stress and protects the cells from damage by 
eliminating the reactive products formed after glucose reperfusion by 
the increase of its expression in cells (Shafqat et al., 2006; Crean et al., 
2012). 

A significant cell migration reduction appeared in DHRS2 deficient 
MCF7 cells. It was reported that DHRS2 increased the invasion and 
migration of cancer cells, and metastasis slowed down in the DHRS2 
knocked down HCT116 cell line treated with Oxaliplatin (Li et al., 2019; 
Zhou et al., 2020). 

As a limitation of the study, the gene DHRS2 we examined in the 
MCF7 cell line is not functionally studied in breast tissue. Transcript 
variants were found in the qRT-PCR analysis, and commercially gotten 
siRNA may not be efficient in silencing after 24 h. Another limitation is 
that discussing the gene function was done with the other cell types 
because there is little information about gene function in the literature. 

5. Conclusion 

The DHRS2 gene shows functions as a reducer of cell migration in the 

Fig. 4. Light microscopy images present gap closure at different time intervals. (Numbers represent time, letters for study groups. 1-0 h, 2-24 h, 3-48 h; A-si-DHRS2, 
B-NT, C-NTC.) 
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MCF7 cell line. Further studies are needed to reveal the role of DHRS2 in 
breast cancer to enlarge the information about this gene. 
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