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Purpose: Pancreatic cancer (PC) has poor prognosis despite systemic treatment.

Dehydrogenase/reductase member 9 (DHRS9) has been reported to be involved in many

events of tumorigenesis, but its prognostic impact in PC remains undetermined. Thus, this

study aimed to explore the association between DHRS9 expression and the prognosis of PC

and investigate the possible mechanism by which DHRS9 is involved in PC progression.

Patients and Methods: The study used data: from Gene Expression Omnibus (GEO) and

our institution to compare the DHRS9 expression between PC and adjacent normal tissues;

from The Cancer Genome Atlas (TCGA) and our institution to assess the clinicopathological

characteristics and prognosis of PC patients in high and low DHRS9 expression groups; and

from TCGA to predict the potential mechanism of DHRS9 in PC. Western blot assay was

used to identify DHRS9 expression in specimens collected from five patients who underwent

surgery in our institute. Furthermore, immunohistochemistry (IHC) was then used to identify

DHRS9 expression in the specimens of 109 patients who underwent surgery at our institute.

Kaplan–Meier and Cox regression analyses were used to assess the prognostic significance of

DHRS9 expression among PC patients.

Results: All the IHC, Western blot, and GEO datasets indicated that compared to normal

tissues, DHRS9 was significantly overexpressed in PC tissues. IHC results demonstrated that

the strong intensity of DHRS9 expression was significantly correlated with vascular infiltra-

tion (P < 0.05). Further, high DHRS9 expression was identified as a prognostic risk factor for

overall survival. Functional analysis of DHRS9 co-expressed genes indicated that DHRS9

was involved in mitogen-activated protein kinases/extracellular signal-regulated kinase

(MAPK/ERK) signaling pathway.

Conclusion: DHRS9 is upregulated in PC tissue, and high DHRS9 expression is correlated

with poor prognosis in PC. DHRS9 may affect the oncological process of PC through

MAPK/ERK pathway.
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Introduction
Pancreatic cancer (PC), the most lethal solid malignancy, has a poor prognosis

worldwide,1 and its health burden is increasing, including in both the United States

and China.2,3 Due to the special anatomical site and non-specific symptoms in the

early stages of the disease, only 15–20% of patients have the opportunity to

undergo radical surgery, and the remaining 80–85% of patients are diagnosed

with locally advanced or distant metastases.4 Although systemic therapies such as

surgery, chemotherapy, radiotherapy, biotherapy, and immunotherapy can improve

the prognosis of patients with PC, the 5-year survival rate is still less than 5%.5
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Dehydrogenase/reductase member 9 (DHRS9), a member

of the short-chain dehydrogenases/reductases family, is ori-

ginally considered to be involved in the metabolism of

retinol.6 However, further research indicates that DHRS9 is

involved in the biosynthesis of all-trans retinoic acid

(ATRA).7 Because ATRA is involved in many events of

tumorigenesis,8 DHRS9 is also speculated to be involved in

the development of tumors. Previous studies have confirmed

that the low expression of DHRS9 in oral squamous cell

carcinoma8 and colon cancer9 predicts poor prognosis. In

contrast, from the Kaplan–Meier plotter database, high

expression of DHRS9 mRNA in stomach adenocarcinoma

and ovarian cancer is associated with poor prognosis,10 thus,

the prognostic impact of DHRS9 may differ between cancer

types.

The poor prognosis of PC despite systemic treatment

highlights the need for further investigations on the mole-

cular mechanisms of PC growth and metastasis and pre-

dictive biomarkers with prognostic value to guide

treatment. In this regard, it is reasonable to investigate

the importance of differentially expressed DHRS9 in PC

and its prognostic value. However, unlike in other cancers,

the correlation between DHRS9 expression and PC prog-

nosis is unknown. Thus, this study aimed to explore the

association between DHRS9 expression and the prognosis

of PC. Towards this goal, the differential expression of

DHRS9 mRNA or protein in PC and normal tissues were

compared using the Gene Expression Omnibus (GEO)

database, The Cancer Genome Atlas (TCGA) database,

and our dataset. In addition, we explored the prognostic

value of DHRS9 expression in PC and investigated the

possible mechanism by which DHRS9 is involved in PC

progression, using bioinformatics methods.

Patients and Methods
Patients and Study Design
This study was approved by the Ethics Committee of First

Hospital of Jiaxing (approval number: LS2018-176). The

need for informed consent was waived owing to the retro-

spective nature of the study design. However, we obtained

the authorization of patients or family members to use the

follow-up information.

We evaluated patients with PC who underwent radical

surgery between November 2011 and June 2019 in the First

Hospital of Jiaxing, China. In total, 193 samples from 109

patients were used for immunohistochemical (IHC) staining.

Five pairs of fresh samples were used for Western blot assay.

Data on demographic characteristics and clinicodemo-

graphic variables including sex, age, tumor site, tumor max-

imum diameter, lymph node metastasis, grade, vascular

infiltration, nerve infiltration, and the American Joint

Committee on Cancer TNM staging (8th edition) were col-

lected from medical records. However, of these patients, 10

were lost to follow-up; the clinicodemographic characteris-

tics of the 99 patients with follow-up are shown in Table 1.

The follow-up period was defined as the time interval from

the date of surgery to death or the last follow-up (August 17,

2019). In addition, the clinicopathological information of

178 patients with DHRS9 mRNA expression was obtained

from the TCGA database as a reference study. However, this

dataset has no records of vascular infiltration and nerve

infiltration. Details of the Jiaxing dataset and the TCGA

dataset are shown in Table 1.

Bioinformatics Analysis
The expression of DHRS9 mRNA in cancerous and adja-

cent normal tissues or normal pancreatic tissue (222 cases

and 173 cases) were obtained from the GEO (GSE16515,

GSE15471, GSE62452, GSE63158, GSE102238) and

TCGA databases, and the expression of DHRS9 mRNA

in PC cell lines and pancreatic duct epithelium cell lines

(20 cases and 1 case) was obtained from the GSE40098.

The detailed data can be viewed in the database according

to the GSE number (https://www.ncbi.nlm.nih.gov/geo/)

and is also presented in Supplementary Table 1.

Western Blot Analysis
Total protein was extracted from the five pairs of PC and

adjacent normal tissues and quantified these using a BCA

Protein Assay (Servicebio, Wuhan, China). The protein sam-

ples were separated by sodium dodecyl sulfate polyacryla-

mide gel electrophoresis (SDS-PAGE) and transferred onto

polyvinylidene fluoride (PVDF) membranes for immunoblot-

ting. Immunoblotting was performed with antibodies against

DHRS9 (LifeSpan BioSciences, American, catalog no.LS-

C145077/57,544, 1:200). And GAPDH (Servicebio, Wuhan,

China). The results were visualized with a chemiluminescent

detection system and autoradiography film.

Immunohistochemistry
To verify the reliability of the bioinformatics analysis, the

expression of DHRS9 in 102 tumor tissues and 91 adjacent

normal tissues from 109 surgically treated PC patients at

our institute was determined via IHC staining. Formalin-

fixed, paraffin-embedded sections of all 193 samples were
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subjected to the EnVision method using DHRS9 polyclo-

nal antibodies (LifeSpan BioSciences, American, catalog

no.LS-C145077/57,544, 1:250). Phosphate-buffered saline

was used as a negative control instead of the primary

antibody. Sections were counterstained with hematoxylin

and eosin.

Two independent experienced investigators examined all

slides. The intensity of the cellular staining was scored as 0

for no staining; 1, weak; 2, moderate; and 3, strong. The

proportion of the stained tumor cells was scored as 0 for

0–5% stained cells; 1, 6–25%; 2, 26–0%; 3, 51–75%; and 4,

>75%. These intensity and proportion scores were then mul-

tiplied and calculated as the final score. A score ≥ 6 was

defined as DHRS9 overexpression, whereas a score < 6 was

regarded as low expression. The cases in the Jiaxing dataset

were then accordingly grouped into the low and the high

expression groups. The cases in the TCGA dataset were also

grouped into the low and the high expression groups, but

according to the median value of DHRS9 expression, which

reflected the expression of DHRS9 at the mRNA level.

Statistical Analysis
All statistical analyses were performed using R (https://www.

r-project.org/R version 3.6.1). Data cleaning was based on

the “dplyr” package, survival analysis was based on the

“survminer” and “survival” packages, the three-line table

was based on the “Table 1” package, and other data proces-

sing was based on the basic functions of R. Continuous

Table 1 Association Between Clinicopathologic Variables and DHRS9 Expression in the Two Datasets

Variables DHRS9 in the Jiaxing Dataset (IHC) DHRS9 in the TCGA Dataset (mRNA)

High (n = 75) Low (n = 24) P value High (n = 89) Low (n = 89) P value

Age (years) 66 [39, 82] 64.5 [41, 80] 0.47 65 [35, 88] 65 [39, 81] 1

Sex 0.59 0.29

Male 37 (49.3%) 14 (58.3%) 53 (59.6%) 45 (50.6%)

Female 38 (50.7%) 10 (41.7%) 36 (40.4%) 44 (49.4%)

Site 0.30 0.85

Head 57 (76.0%) 15 (62.5%) 74 (83.1%) 72 (80.9%)

Body and tail 18 (24.0%) 9 (37.5%) 15 (16.9%) 17 (19.1%)

Tumor size(cm) 3.5 [1.2, 9.0] 3.1 [1.5, 8.0] 0.24 3.8 [0.3, 12.0] 3.2 [1.3, 14.0] 0.12

Vascular infiltration 0.04*

Absent 51 (68.0%) 22 (91.7%)

Present 24 (32.0%) 2 (8.3%)

Nerve infiltration 1

Absent 17 (22.7%) 6 (25.0%)

Present 58 (77.3%) 18 (75.0%)

Grade 1 0.05

Well 33 (44.0%) 11 (45.8%) 10 (11.2%) 21 (23.6%)

Poor 42 (56.0%) 13 (54.2%) 79 (88.8%) 68 (76.4%)

T stage 0.46 0.63

T1+T2 48 (64.0%) 18 (75.0%) 58 (65.2%) 62 (69.7%)

T3+T4 27 (36.0%) 6 (25.0%) 31 (34.8%) 27 (30.3%)

LNM 0.11 0.25

Absent 31 (41.3%) 15 (62.5%) 22 (24.7%) 30 (33.7%)

Present 44 (58.7%) 9 (37.5%) 67 (75.3%) 59 (66.3%)

AJCC stage 1 1

I+II 60 (80.0%) 19 (79.2%) 59 (66.3%) 60 (67.4%)

III+IV 15 (20.0%) 5 (20.8%) 30 (33.7%) 29 (32.6%)

Note: *P < 0.05.

Abbreviations: AJCC, American Joint Committee on Cancer; DHRS9, dehydrogenase/reductase member 9; IHC, immunohistochemistry; LNM, lymph node metastasis;

T stage, “tumor” attributes in 8th edition TNM classification; TCGA, The Cancer Genome Atlas.
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variables were presented as themedian (range) and compared

using the Mann–Whitney U-test. Meanwhile, categorical

variables were expressed as numbers (%) and compared

using the chi-square test. The Kaplan–Meier method was

used for survival analysis, and univariate and multivariate

Cox regression analyses were used to assess the prognostic

factors associated with overall survival (OS). P-values < 0.05

were considered significant.

Result
Patient Characteristics
In total, there were 24 cases with low expression and 75 cases

with high expression in the Jiaxing dataset. Meanwhile, in

the TCGA dataset, there were 178 cases categorized into the

low and high expression groups by the median DHRS9

mRNA expression. There were no significant differences in

patient characteristics between the two datasets. The median

age was 65 (39–82) years, the proportion of male patients

was higher, and most of the tumors (72.7% in Jiaxing set and

82.0% in TCGA set) were located in the head of the pancreas.

Sex, age, tumor site, tumor diameter, tumor grade, T stage,

lymph node metastasis, and TNM stage (P > 0.05) were also

not significantly different between the high and the low

expression groups in the two datasets. In the Jiaxing dataset,

high DHRS9 expression was associated with vascular infil-

tration (P < 0.05) (Table 1).

A B C

D E F

G

Figure 1 Comparison of DHRS9 mRNA or protein expression between (A) PC and normal tissues (GSE16515 and GSE15471); (B) PC and adjacent normal tissues

(GSE62452); (C) PC and adjacent normal tissues (GSE63158); (D) PC and adjacent normal tissues (GSE102238); (E) nine leading PC cell lines and the HPDE cell line

(GSE40098); (F) Intensity of IHC in PC and adjacent normal tissues (Jiaxing set); (G) Western blot of five couple cases in PC and adjacent normal tissues (Jiaxing set).

Abbreviations: ANT, adjacent normal tissues; DHRS9, Dehydrogenase/reductase member 9; GEO, Gene Expression Omnibus; HPDE, immortalized non-malignant human

pancreatic duct epithelial cell line; IHC, immunohistochemistry; PC, pancreatic cancer; T, tumor; TCGA, The Cancer Genome Atlas.
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mRNA and Protein Levels of DHRS9 is

Upregulated in Pancreatic Cancer
The five datasets from the GEO database (GSE16515,

GSE15471, GSE62452, GSE63158, and GSE102238)

showed that compared with the adjacent normal tissues or

normal pancreatic tissue, DHRS9 was overexpressed in PC

tissues (Figure 1A–D). The GSE16515 and GSE15471 data-

sets used the same platform, and thus these two datasets were

processed together (Figure 1A). In addition, compared with

immortalized non-malignant human pancreatic duct

epithelial (HPDE) cell line, DHRS9 mRNA was generally

overexpressed in PC cell lines (GSE40098). The relative

expression of DHRS9 mRNA in the nine leading cancer

cell lines and the HPDE cell line is shown in Figure 1E.

The results of IHC staining to confirm the results of the

bioinformatics analysis are shown in Figure 1F. In addition,

Western blot assay was performed to determine the protein

expression levels of DHRS9 on the five pairs of samples in

Figure 1G. DHRS9 protein expression was higher in the

tumor tissues than in the adjacent normal tissues in cases

1–4, but in the fifth case, the result was reversed. The low and

high expressions of DHRS9 are shown in Figure 2. The

DHRS9 expression in PC tissues was significantly higher

than that in the adjacent normal tissues (P < 0.001).

High DHRS9 Expression is Associated

with Poor Prognosis
As shown in Figure 3, high DHRS9 expression in the GEO

dataset (Figure 3A, P < 0.05, survival data integrated from

GSE62452 and GSE102238), TCGA dataset (Figure 3B,

P < 0.001), and the study dataset (Figure 3C, P < 0.001)

indicated poor OS. The results of univariate and multivariate

Cox regression analyses to validate the impact of DHRS9

expression on clinical outcomes are shown in Tables 2 and 3.

In univariate analysis, high DHRS9 expression was

a prognostic risk factor for OS in both the Jiaxing dataset

(Table 2, hazard ratio [HR] = 3.15, P < 0.001) and TCGA

dataset (Table 3, HR = 2.04, P < 0.001). In multivariate

analysis, high DHRS9 expression remained an independent

risk factor for poor prognosis in both the Jiaxing dataset (Table

2, HR = 2.27, P = 0.031) and the TCGAdataset (Table 3, HR=

1.75, P = 0.010). Lymph node metastasis was also an indepen-

dent risk factor in the multivariate Cox analysis in the two

datasets. Other risk factors in each dataset are also shown in

Tables 2 and 3.

Potential Mechanisms of DHRS9 in

Pancreatic Cancer
To explore the potential mechanisms by which DHRS9

impacted the prognosis of PC, the studymined the gene set co-

expressed with DHRS9 from the TCGA database. According

to the Pearson correlation between genes, 642 related genes

with P value < 0.001 were retained for the next function

analyses. The gene set was introduced into Metascape

(http://metascape.org/gp/index.html#/main/step1),11 and it

was found that these genes may play a role in tumor-related

pathways such as the Wnt signaling pathway, serine/threonine

kinase signaling pathway, MAPK signaling pathway, response

to extracellular stimulus and ubiquitin-dependent protein cata-

bolic process (Figure 4A). Since the three biological processes,

Figure 2 Immunostaining of DHRS9 in pancreatic cancer. (A) Negative; (B) Low; (C) Median; (D) And high expression.

Abbreviation: DHRS9, Dehydrogenase/reductase member 9.
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serine/threonine kinase signaling pathway, MAPK signaling

pathway, and response to extracellular stimulus were all

related to MAPK signaling pathway,12 we speculated that

DHRS9may bemainly involved inMAPK signaling pathway.

By searching the literature, this study collected key genes in

the MAPK signaling pathway.12,13 Through correlation analy-

sis based on TCGA dataset, it was found that the key genes

that were highly related to DHRS9 were mainly concentrated

in the ERK1/2 pathway (Figure 4B).

Discussion
This study explored the prognostic impact of mRNA level of

DHRS9 in PC using the GEO and TCGA databases and

verified the results through Western blot assay and IHC ana-

lysis of samples from our institution. In addition, the possible

mechanism by which DHRS9was involved in PC progression

was also investigated through bioinformatics. The results indi-

cated that compared with normal pancreatic tissue, DHRS9

was highly expressed in PC tissues, and high DHRS9 expres-

sion was associated with poor prognosis. Further, DHRS9 was

involved in tumor-related pathways such as theMAPK signal-

ing pathway. In both the Jiaxing dataset and the TCGAdataset,

DHRS9 expression showed no significant correlation with

parameters such as sex, age, tumor diameter, tumor grade,

lymph node metastasis, T stage, and TNM stage. However, it

was associated with vascular infiltration in the Jiaxing dataset.

A B

C

Figure 3 Kaplan-Meier survival analysis of overall survival according to DHRS9 expression in pancreatic cancer according to the (A) GEO dataset (GSE62452 and

GSE102238); (B) TCGA dataset; and (C) The Jiaxing set.

Abbreviations: DHRS9, Dehydrogenase/reductase member 9; GEO, Gene Expression Omnibus; TCGA, The Cancer Genome Atlas.
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The most common cause of death in patients with PC

after surgery is local recurrence or distant metastasis.14

Our findings indicated that tumor tissues may promote

vascular invasion through the overexpression of DHRS9,

which accelerates the recurrence and metastasis of PC.

All-trans retinoic acid is not only a target for antitumor

therapy, but also interacts with other substances to play

a synergistic antitumor effect.15 Earlier studies suggested

that DHRS9 exerts its anti-tumor activity as a rate-limiting

enzyme in the all-trans retinoic acid biosynthesis

process.16 The relationship between DHRS9 expression

and prognosis in oral squamous cell carcinoma and colon

cancer appears to confirm this view.8,9 However, existing

research suggests that DHRS9 not only plays a role in

suppressing cancer, but also in promoting cancer in some

tumors such as gastric cancer and ovarian cancer.10 The

results of this study also demonstrated that, compared with

normal pancreatic tissue, DHRS9 was highly expressed in

PC tissue. In addition, patients with high expression had

a worse prognosis than those with low expression. The

results of the above researches suggest that DHRS9 may

play contrasting roles through distinct mechanisms.

However, to date, there are no studies conducted to iden-

tify the mechanism by which DHRS9 promotes tumori-

genesis. One study reported that DHRS9 can act as

a marker of regulatory macrophages with immunosuppres-

sive activity.17 Indicating that DHRS9 may promote tumor

progression by affecting tumor immunity.

Co-expression of genes usually suggests that they per-

form similar functions in biology.18 This study explored the

Table 2 Univariate and Multivariate Cox Regression Analyses of Prognostic Factors in the Jiaxing Set

Variables Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Age (years) 1.02 (0.98–1.04) 0.20

Sex (male vs female) 0.89 (0.55–1.47) 0.70

Site (Head vs body and tail) 0.84 (0.48–1.46) 0.50

Tumor size (cm) 1.23 (1.05–1.44) 0.02 1.20 (0.97–1.48) 0.095

Vascular infiltration (Absent vs present) 1.70 (0.98–2.97) 0.07

Nerve infiltration (Absent vs present) 1.32 (0.74–2.37) 0.30

Grade (Well vs poor) 2.14 (2.19–3.54) 0.003 2.43 (1.43–4.15) 0.001*

T stage (T1+T2 vs T3+T4) 1.86 (1.13–3.06) 0.02 1.58 (0.81–3.05) 0.177

LNM (Absent vs present) 1.82 (1.10–3.02) 0.02 2.37 (1.31–4.31) 0.005*

AJCC stage (I+II vs III+IV) 2.15 (1.25–3.67) 0.009 1.49 (0.80–2.62) 0.220

DHRS9 (Low vs high) 3.15 (1.54–6.45) <0.001 2.27 (1.08–4.77) 0.031*

Note: *P < 0.05.

Abbreviations: AJCC, The American Joint Committee on Cancer; CI, confidence interval; DHRS9, dehydrogenase/reductase member 9; HR, hazard ratio; LNM, lymph

node metastasis; HR, hazard ratio; T stage, “tumor” attributes in 8th edition TNM classification.

Table 3 Univariate and Multivariate Cox Regression Analyses of Prognostic Factors in the TCGA Set

Variables Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Age (years) 1.03 (1.01–1.05) 0.007 1.02 (1–1.05) 0.017*

Sex (male vs female) 1.21 0.81–1.83) 0.40

Site (Head vs body and tail) 0.52 (0.29–0.97) 0.03 0.63 (0.34–1.18) 0.153

Tumor size (cm) 1.01 (0.90–1.13) 0.90

Grade (Well vs poor) 2.18 (1.15–4.13) 0.009 1.63 (0.86–3.13) 0.137

T stage (T1+T2 vs T3+T4) 1.11 (0.72–1.70) 0.60

LNM (Absent vs present) 2.22 (1.34–3.68) 0.001 1.79 (1.06–3.01) 0.030*

AJCC stage (I+II vs III+IV) 1.53 (1.01–2.33) 0.05

DHRS9 (Low vs high) 2.04 (1.34–3.10) < 0.001 1.75 (1.14–2.68) 0.010*

Note: *P < 0.05.

Abbreviations: AJCC, The American Joint Committee on Cancer; CI, confidence interval; DHRS9, dehydrogenase/reductase member 9; HR, hazard ratio; LNM, lymph

node metastasis; TCGA, The Cancer Genome Atlas; HR, hazard ratio; T stage, “tumor” attributes in 8th edition TNM classification.
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gene set co-expressed with DHRS9 in PC through bioinfor-

matics and then further explored the function of this gene

set. The results showed that DHRS9 may play a role in

multiple tumor-related pathways (Figure 4A). Since the

three biological processes, serine/threonine kinase signaling

pathway, MAPK signaling pathway, and response to extra-

cellular stimulus were all related to MAPK signaling

pathway,12 the study speculated that DHRS9 may be mainly

involved in MAPK signaling pathway. By searching the

literature, the study collected key genes in the MAPK sig-

naling pathway.12,13 Through correlation analysis based on

TCGA dataset, it was found that key genes that were highly

related to DHRS9 were mainly concentrated in the ERK1/2

pathway (Figure 4B). Based on these findings, we speculate

that DHRS9 may exert cancer-promoting activity in PC by

participating in the biological processes of the MAPK/

ERK1/2 signaling pathway.

The study explored the relationship between DHRS9

overexpression and the prognosis of PC, and the potential

mechanism. However, several limitations to this study

need to be considered when interpreting the findings.

First, the precise molecular mechanism by which DHRS9

A

B

Figure 4 Potential mechanism by which DHRS9 impacts the prognosis of pancreatic cancer. (A) Biological processes in which DHRS9 is potentially involved; (B) Key genes
of MAPK signaling pathway and genes highly co-expressed with DHRS9. The mark * in the figure indicates that the correlation coefficient is greater than 0.3 and p <0.001.

Abbreviations: DHRS9, Dehydrogenase/reductase member 9; MAPK, mitogen-activated protein kinase; MAP2K, mitogen-activated protein kinase kinase; MAP3K,

mitogen-activated protein kinase kinase kinase.
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acts as a tumor promotor in PC and the roles of DHRS9 in

PC cell lines and animal models need to be verified

in vitro. Despite these limitations, our results clearly indi-

cate that DHRS9 might be a useful diagnostic and thera-

peutic target in PC patients.

In conclusion, the results of this study showed that

DHRS9 overexpression is associated with a poor outcome

in PC patients. Functional analysis of DHRS9 co-expressed

genes suggests that DHRS9 is involved in multiple tumor-

related processes.
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