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Background: Pancreatic ductal adenocarcinoma (PDAC) is a type of exocrine pancreatic cancer that 
presents itself in the form of a highly malignant tumor. However, in the past few decades, with breakthroughs 
in the diagnosis and treatment of malignant tumors, there have yet to be satisfactory results for the diagnosis 
(early diagnosis) and treatment of PDAC. Therefore, the biological behavior of PDAC still requires more 
research to be understood. CYP24A1 is currently considered to be an essential part of vitamin D (VD) 
metabolism and increasingly reported to be associated with malignant tumors. Therefore, this study aims to 
explore the relationship between CYP24A1 and the clinicopathological features and prognosis of PDAC. 
Methods: Seventy-three surgical PDAC cases were collected and follow-ups were made. The expression of 
CYP24A1 was obtained by the immunohistochemistry and the tissue FAXS cytometry (TFC) system. The 
related quantitative indices included the percentage of positive cells (%) and the average staining intensity 
of the positive cells (in) in the cancer zone (C) and the adjacent non-cancer zone (ANC). The relationship 
between CYP24A1 and the clinicopathological parameters, as well as the prognosis of PDAC was then 
analyzed. Furthermore, Fluorescence quantitative PCR, Western-blot, siRNA, and phenotypic testing were 
implemented in the Pan-C1 PDAC cells. 
Results: In normal pancreatic tissue, CYP24A1 was approximately “zero-expressed” in the exocrine glands. 
In the C and ANC zones, the expression of CYP24A1 increased significantly. In cases with a higher C%, 
the proportion of lymph node metastasis was lower (P=0.071); In cases with a higher ANC% (P=0.026) and 
higher ANCin (P=0.079), the proportion of high differentiation was higher; in survival analysis, C%, Cin 
had a significant effect on survival and those with higher parameters had a lower risk of death. In the cell 
experiments, after CYP24A1 was silenced, the migration ability of PDAC cells did not change significantly 
and its proliferation (P=0.034) and invasion (P=0.002) ability decreased significantly. 
Conclusions: CYP24A1 has a significant effect on the development and prognosis of PDAC.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a type of 
exocrine pancreatic cancer that presents itself in the form of 
a highly malignant tumor and its diagnosis (early diagnosis) 
and treatment have been highly concerning. In terms of 
imagelogical examination (1), gene level, and even the 
exosomes of cancer cells (2), people hope to discover PDAC 
lesions as early as possible; in terms of treatment, there 
have been many reports on pancreatic cancer surgery and 
various comprehensive treatments. However, in the past 
few decades, in the case of breakthroughs in the diagnosis 
and treatment of malignant tumors, there have been no 
satisfactory results in the diagnosis (early diagnosis) and 
treatment of PDAC. Therefore, the biological behavior 
of PDAC still requires more research to understand the 
disease.

CYP24A1 is currently considered to be an essential 
part of VD metabolism. As an exogenous substance, VD 
is a fat-soluble vitamin and needs to undergo a series of 
activations in the human body to form active VD-calcitriol 
(1,25(OH)2D3), while CYP24A1 inactivates 1,25(OH)2D3 
by hydroxylation. 1,25(OH)2D3 binds to the VDR (VD 
receptor) and can express its regulatory functions in gene 
expressions. 1,25(OH)2D3 can regulate the level of calcium 
and phosphorus in the body and maintain the normal 
bone function. Its role in the tumor has received growing 
attention in recent years. At present, 1,25(OH)2D3 is 
considered to have an antitumor effect. As an essential part 
of the regulation of VD activity, CYP24A1 is increasingly 
reported to be associated with malignant tumors, such 
as breast cancer (3), esophageal cancer (4), colorectal  
cancer (5), prostate cancer (6), ovarian cancer (7), and its 
role in tumorigenesis. Close attention has also increasingly 
been paid to the relevant progression and prognosis. In this 
study, we analyzed the relationship between the expression 
of CYP24A1 and the clinicopathological characteristics of 
PDAC, and proceeded with the survival analysis of PDAC 
patients. In PDAC cell experiments, the CYP24A1 effects 
were understood through RNA interference. Thereafter, 
the roles of CYP24A1 in the occurrence, progression, and 
prognosis of PDAC were discussed.

Methods

Patients and samples

Seventy-three PDAC specimens from surgery were 
collected; two experienced pathologists confirmed all the 

cases as PDAC. All subjects received surgery for the first 
time; no chemotherapy or radiotherapy was conducted prior 
to surgery. The HE staining section of the paraffin block 
selected Cancer tissue, adjacent non-cancer (ANC) tissue, 
and normal pancreas tissue. Clinicopathological parameters 
were collected, including age, gender, tumor size, tumor 
location, tumor differentiation, clinical-pathological stage 
(American Joint Commission on Cancer 8th edition), 
venous and/or perineural invasion. Among the 73 patients, 
there were 47 males and 26 females and the age range was 
from 36 to 82 years old (median: 58 years old), 42 of which 
<60 years old and 31 of which >60 years old. Among the 
clinicopathological parameters, the differentiation status 
was high at 31 cases, poor differentiation at 42 cases; tumor 
size (maximum diameter ≤2 cm and >2 cm group): the 
smaller one was 11 cases and the larger one was 62 cases; 
tumor location: 48 in the head of the pancreas, 25 in the 
body and tail; lymph node metastasis: 43 were negative and 
23 were positive, 7 of which did not obtain peripancreatic 
lymph node specimens; clinical-pathological staging, 
according to the eighth edition of the AJCC PDAC staging 
criteria, 62 cases in stage I and II, 11 cases in stage III and 
IV, and neurological and vascular invasion was negative in 
37 cases and positive in 36 cases. The patient’s survival was 
reviewed by a telephone follow-up. The final follow-up date 
was June 20, 2018, in which 60 died, 9 survived, and 4 could 
not be followed up with.

All cases were obtained from the second department of 
Hepatobiliary Surgery at the General Hospital of PLA, 
CHINA. The Ethical Committee of the General Hospital 
of PLA approved the present study (ID: S2016-098-02) and 
all subjects signed informed consent prior to the study.

Immunohistochemistry and the quantitative analysis of 
immunohistochemical staining

Operating conventional immunohistochemical staining, after 
a preliminary test, the determined dilution concentration of 
the primary antibody (21582-1-AP, Proteintech Group Inc, 
WUHAN, CHINA) was 1:50. The PBS solution was used 
instead of the primary antibody as a negative control and the 
kidney tissue paraffin section was used as a positive control.

The TFC system was used for establishing the 
individualized analysis files. Then, through the high-
definition scanning (TissueFAXS4.2.6245.1031) and analysis 
process (StrataQuest ALL 5.0.1.317), the quantitative 
indexes of CYP24A1 expression (percentage of positive 
cells-%, mean intensity-in) in the C and ANC zones of 
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PDAC were obtained (8,9). In this experiment, we ensured 
that the number of cells that were recruited in every area 
was ≥5,000.

CYP24A1 silenced and the phenotypic analysis of PDAC 
PanC-1 cells

The Institute of Basic Medical Sciences, Chinese Academy 
of Medical Sciences, and Peking Union Medical College 
donated the PDAC PanC-1 cell. The CYP24A1-siRNA 
design was completed by GenePharma, Inc. Suzhou, 
CHINA. There were three preselected interference 
sequences:
	si608: GCUGCAGAUUCUCUGGAAATTUUUC

CAGAGAAUCUGCAGCTT;
	si1045: GCCUCGUGUUGUAUGAGAATTUUC

UCAUACAACACGAGGCTT;
	si1599: GCAACAGUUCUGGGUGAAUTTAUU

CACCCAGAACUGUUGCTT. 
The silencing effect was studied by fluorescence 

quantitative PCR and Western Blot experiments and the 
interference sequence was determined as si1599. The ability 
changes of proliferation, migration, and invasion of PanC-1 
cells before and after being stopped was analyzed by CCK-
8 (cell counting kit-8), Transwell migration, and Transwell 
invasion experiments.

PanC-1 cell transfection
The complete medium was changed to the serum-free 
medium half an hour before the transfection. Solution 
A: SiRNA 100 pmol was added into the serum-free 
medium of 50 UL Opti-MEM (31985-070, Invitrogen 
Life Technologies (GIBCO™)), gently mixed, and 
placed at room temperature for 5 minutes. Solution B: 
Lipofectamine 2000 [780373, Invitrogen Life Technologies 
(Lipofectamine™)] was gently mixed before use. Liposomes 
5 μL was added to 50 μL of the Opti-MEM serum-free 
medium, gently mixed, and placed at room temperature 
for 5 minutes. Solution B was added to solution A, mixed 
gently, and placed steadily at room temperature for 20 
minutes. The mixture was evenly dispersed and slowly 
dripped into the cells in the 6-well plate. Thereafter, it was 
incubated at 37 ℃ for 4–6 hours. The serum-free medium 
was then replaced with the complete medium and left to 
culture. After 36–48 hours of transfection, the mRNA level 
detection was performed and the protein level detection was 
performed after 48–72 hours of transfection.

Fluorescence quantitative PCR test
The total RNA was isolated from the cultured cells by 
RNA-Trizol (G3013, Servicebio, Wuhan, China). The 
RNA was then reverse transcribed and subjected to the 
SYBR Green-based RT-PCR analysis. The digested cell 
suspension was centrifuged at 10,000 r/min and 0.2 mL 
of chloroform was added to every milliliter of the reagent 
lysis sample for pyrolysis operation. RNA was obtained by 
washing with an enzyme-free RNA washing solution on ice 
at 4 ℃ and centrifugation at 10,000 r/min for 5 minutes. 
Before adding reverse transcriptase, the mixture was dried 
at 70 ℃ for 3 minutes. After removing immediately, the 
ice water bath was transferred to allow the temperature 
inside and outside the tube to become uniform. 0.5 μL of 
reverse transcriptase was added and left for 60 minutes in 
the water bath at 37 ℃ and was left to dissolve completely 
for 5 minutes at room temperature to reverse-transcribe it 
into cDNA. Actin B and SYBR Green 1 dye were used as a 
template; primers and reverse transcription products were 
added to the reaction system to make the total volume up 
to 20 μL. The reaction conditions were as follows: pre-
denaturation at 93 ℃ for 2 minutes, denaturation at 93 ℃ 
for 1 minute, and annealing at 55 ℃ for 2 minutes with a 
total of 40 cycles. The reverse transcriptase kit K1622 was 
purchased from Thermo and the SYBR Green Master (Rox 
Reference Dye) was purchased from Roche. The results 
were processed by the ΔΔCT method.

Western blot experiment

Adherent cells were centrifuged for 10 minutes at 12,000 
r/min (4 ℃) and supernatants were collected. The BCA 
protein concentration measuring kit was used to measure 
protein concentration. SDS-PAGE electrophoresis was 
used until the bromophenol blue had run out and then we 
proceeded to terminate the electrophoresis and transfer the 
membrane with 300 mA constant current for half an hour. 
The transferred membrane was blocked with 5% skim milk 
for 1 hour at room temperature on a decolorization shaking 
table, placed in a diluted (1:1,000) primary antibody (Anti-
CYP24A1, ab137116, ABCAM), and incubated overnight 
at 4 ℃. It was then washed three times with TBST on 
a decolorization shaking table at room temperature for  
5 minutes each time. The secondary antibody was diluted 
3,000 times with TBST, incubated for 30 minutes at room 
temperature, and washed three times with TBST on a 
decolorization shaking table at room temperature for  
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5 minutes each time. After exposure, the film was scanned 
and archived. Photoshop was used to decolorize and Alpha 
software processing system was used to analyze the optical 
density of the target band.

CCK-8 cell proliferation experiment
The logarithmic growth phase cells were trypsinized and 
prepared into cell suspensions, seeded in 96-well plates at 
3,000–5,000 cells per well with 100 μL per well, and placed 
in a CO2 (5%) incubator at 37 ℃ overnight. The marginal 
holes were filled with sterile PBS. The control group and 
the transfection group each had 6 wells, 10 μL of CCK-8 
solution was added in all wells, we then gently tapped the 
plate and mixed for 2 hours in the incubator. The 450 nm 
light absorption was measured by enzyme labeling. The 
CCK-8 kit developed by Dojindo Laboratories was used in 
the experiment.

Transwell migration and invasion experiment
The transwell plate chamber was 200 μL of the serum-free 
medium. 500 μL of the complete medium containing 20% 
FBS was added to the lower chamber and the cell suspension 
was added to the upper chamber (according to trial test, 
0.2×105 cells were added to the migration experiment and 
1×105 cells were added to the invasion test). Transwell plates 
were cultured in a CO2 (content 5%) incubator at 37 ℃ 
for 24 hours (invasive experiment for 48 hours). Then the 
chamber was taken out, the culture medium was washed 
with PBS, and stained with crystal violet for 10 minutes. 
The surface of the chamber was washed with tap water. 
The cells on the inoculated side of the upper chamber were 
erased with a cotton swab and the number of cells passing 
through the chamber was photographed and analyzed under 
a 100-fold microscope. Preparation of transwell invasion 
wells: Dilute BD matrigel and the serum-free medium at 
a ratio of 1:8, pipet 200 μL into the upper chamber of the 
transwell and place in the incubator for at least 2 hours.

Statistical analysis

SPSS20 (Statistical Package for the Social Science) 
computer statistical analysis software was used to process 
the experimental data. The quantitative parameters of the 
obtained CYP24A1 expression were visually discretized 
under the SPSS “Transform”-“Visual Banning” menu and 
the data obtained were divided into low and high groups at 
a split point based on “equal percentiles based on scanned 
cases”. The Chi-square test was performed with the staining 

parameters and the clinicopathological parameters of 
PDAC cases. Combined with the follow-up situation, the 
clinicopathological parameters and the parameters obtained 
from the staining analysis were analyzed by a Log-Rank 
test and Cox regression single factor analysis to understand 
the relationship between each parameter and prognosis and 
then the parameters related to prognosis were considered 
in the screened staining analysis. Furthermore, the factors 
related to prognosis were analyzed by Cox regression multi-
factor analysis. P<0.05 indicates that the difference was 
statistically significant.

Results

Relevant results of immunohistochemical parameters

Preliminary interpretation of immunohistochemical 
staining
In normal pancreatic tissue, CYP24A1 has almost no 
positive expression in the pancreatic exocrine gland-
catheter epithelium and glandular epithelial tissue; however, 
in normal pancreatic tissue, CYP24A1 is clearly expressed 
in the endocrine-islet tissue of the pancreas. In the C and 
ANC zones, CYP24A1 was expressed in different degrees in 
the pancreatic exocrine gland cells (Figure 1). This result is 
consistent with previous reports (10).

The expression of CYP24A1 in pancreatic exocrine 
gland cells was significantly changed in the adjacent non-
cancerous tissue compared with normal pancreatic tissue. 
With the occurrence of ductal metaplasia and the chaotic 
arrangement of cells in the pancreatic exocrine gland 
epithelium, the expression of CYP24A1 in exocrine cells 
was more positive than that in normal pancreatic regions. 
Tumors proliferate, invade surrounding tissue, and 
metastasize to a distance. Thus, their “sphere of influence” 
increases; this process must be through its adjacent tissue. 
The expression of the gene in the ANC zone should 
have a certain significance for understanding its role in 
tumorigenesis and progression.

The relationship between CYP24A1 and 
clinicopathological parameters of PDAC
Preliminary conditions showed that the CYP24A1 
approximate was “zero expressed” in normal pancreatic 
exocrine tissue and was positive in both C and ANC zones, 
suggesting that CYP24A1 may have some significance in 
the occurrence and progression of PDAC. The clinical-
pathological parameters of PDAC cases were analyzed and 
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Figure 1 CYP24A1 expression in PDAC tissue, adjacent non-cancer tissue, and normal pancreas tissue. (A,B) In normal pancreatic tissue, 
CYP24A1 was zero expressed in exocrine glands and significantly expressed in islets. (C,D) Low expression of CYP24A1 in ANC zone 
of PDAC. (E,F) High expression of CYP24A1 in ANC zone of PDAC. (G,H) Low expression of CYP24A1 in the C zone of PDAC. (I,J) 
High expression of CYP24A1 in the C zone of PDAC. Original magnification ×100 (E), ×200 (A, C, G, and I) and ×400 (B, D, F, H, and J). 
PDAC, pancreatic ductal adenocarcinoma.
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listed in Table 1. The results showed that C% was associated 
with lymph node metastasis and the proportion of metastasis 
was lower in cases with higher C% (P=0.071). ANC% was 
associated with PDAC differentiation and the proportion 
of higher differentiation was higher in cases with higher 
ANC% (P=0.026); ANCin was associated with PDAC 
differentiation and the proportion of higher differentiation 
was higher in cases with higher ANCin (P=0.079).

Survival analysis
In the univariate analysis of the survival data, tumor 
differentiation, size, location, lymph node metastasis, and 
neurovascular invasion of PDAC in clinicopathological 
indices (Table 2) were not statistically significant but the 
trend of their impact on survival was consistent with the 
opinions that we currently consider. Unexpectedly, in the 
clinicopathological stages, the survival time of patients 
with an earlier stage (stage I and II) is shorter than that of 
patients with a later stage (stage III and IV). It may be that 
the sample size of patients at a later stage is too small, but 
to some extent, it also suggests that for resectable PDAC 
patients, although the stage is more progressed, surgical 
resection is of considerable significance for improving 
survival. Among the related indexes of CYP24A1 expression 
(Table 3), there was no statistical significance in the 
univariate survival analysis.
Cox regression multivariate analysis
Through the univariate analysis of the survival parameter, 
the influence of C% and Cin on the survival time could 
be included in the multivariate analysis. A Cox regression 
multivariate analysis was performed on the staining and 
clinicopathological parameters. Pathological parameters 
included age, differentiation level, tumor size, location, 
lymph node metastasis, clinical-pathological stage, and 
neurovascular status. In the cox multivariate analysis of the 
survival data, it was further confirmed that C% (P=0.023) 
and Cin (P=0.026) had statistically significant positive 
associations with survival (Figure 2). Those with higher 
parameters had a lower risk of death, with HR (95% CI) of 
0.530 (0.307–0.917) and 0.535 (0.309–0.927).

PDAC cell test

Confirmation of CYP24A1-siRNA interference 
sequence in PanC-1 cells
PanC-1 cells were transfected with three pre-selected 
sequences and the silencing effect of each interference 
sequence on the CYP24A1 gene was determined by 

fluorescence quantitative PCR (Primer sequence in Table 
4) and Western Blot (Figure 3). Thereby si1599 was 
determined as the interference sequence.

Phenotypic changes of PanC-1 cells after CYP24A1 
silenced
Changes in proliferation ability of PanC-1 cells after 
CYP24A1 silenced
After the completion of the CCK-8 experiment, the OD 
values of each well of the experimental group (interference 
group) and the negative control group were obtained: 
siRNA group was 0.4058, NC was 0.4285; P=0.06.
Changes of the migration ability of PanC-1 cells after 
CYP24A1 was stopped
After the cell migration transwell test, the number of porous 
migration cells in the experimental group and the negative 
control group was obtained (Figure 3C), that is 228.0±18.4 
in the NC group and 228.2±19.9 in the siRNA group 
(P=0.987). The result suggests that the migration ability of 
PanC-1 cells had no significant change after CYP24A1 was 
silenced.
Changes of the invasion ability of PanC-1 Cells after 
CYP24A1 was silenced
After the transwell invasion test, the number of porous 
infiltrating cells was obtained, that is 1,136.8±51.4 in the 
NC group and 843.0±66.9 in the siRNA group, P=0.002. 
The result suggested that the invasion ability of PanC-1 
cells decreased after CYP24A1 was silenced.

Discussion

In recent years, vitamins, as a necessary substance for the 
human body, have attracted much attention for their role 
in malignant tumors (11). As the only vitamin that can be 
synthesized by the human body in a small amount, VD is 
considered to be a steroid and its effect is more concerning 
than other vitamins. At present, 1,25(OH)2D3 is considered 
to have an anti-tumor effect, which can affect the biological 
behavior of tumors in many aspects such as proliferation, 
differentiation, apoptosis, angiogenesis, and mesenchymal 
transformation (12-14). However, there are still many 
uncertain conclusions about the role of VD in tumors (15). 
It has been reported that VD and its related factors may be 
involved in the occurrence, progression, and prognosis of 
PDAC patients (16,17) but these views are still inconsistent. 
CYP24A1 is the key to the regulation of VD biological 
activity and the reports about its functions in tumors 
are increasing. However, there are few reports on the 
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Table 1 Relationship between CYP24A1 and clinical pathological 
parameters of PDAC

Clinicopathological indexes Number χ2 P

C%

Differentiation 0.658 0.417

High 14/17

Poor 23/19

Tumor size 0.077 0.781

≤2 cm 6/5

>2 cm 31/31

Tumor location 0.026 0.871

Head 24/24

Body and tail 13/12

Lymph node metastasisa 3.270 0.071b

No 18/25

Yes 15/8

Staging (AJCC stage) 1.467 0.226

I, II 29/32

III, IV 8/4

Neurovascular invasion 0.013 0.908

No 19/18

Yes 18/18

Cin

Differentiation 0.658 0.417

High 14/17

Poor 23/19

Tumor size 0.869 0.351

≤2 cm 7/4

>2 cm 30/32

Tumor location 0.430 0.512

Head 23/25

Body and tail 14/11

Lymph node metastasis 0.601 0.438

No 20/23

Yes 13/10

Clinical pathological staging 
(A stage)

1.467 0.226

I, II 29/32

III, IV 8/4

Table 1 (continued)

Table 1 (continued)

Clinicopathological indexes Number χ2 P

Neurovascular invasion 0.124 0.724

No 18/19

Yes 19/17

ANC%

Differentiation 4.981 0.026c

High 11/20

Poor 26/16

Tumor size 0.869 0.351

≤2 cm 7/4

>2 cm 30/32

Tumor location 0.026 0.871

Head 24/24

Body and tail 13/12

Lymph node metastasis 0.871 0.351

No 21/22

Yes 14/9

Clinical pathological staging 
(A stage)

0.467 0.494

I, II 32/29

III, IV 5/7

Neurovascular invasion 0.124 0.724

No 18/19

Yes 19/17

ANCin

Differentiation 3.091 0.079b

High 12/19

Poor 25/17

Tumor size 1.063 0.303

≤2 cm 4/7

>2 cm 33/29

Tumor location 0.430 0.512

Head 23/25

Body and tail 14/11

Lymph node metastasis 0.067 0.796

No 22/21

Yes 11/12

Table 1 (continued)
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relationship between CYP24A1 and PDAC in real-world 
cases, especially the relationship between the expression of 
CYP24A1 and the prognosis of patients with PDAC, which 
has not yet been reported. Through this study, CYP24A1 
functions in PDAC were investigated further.

In the study results, cases with a higher C% had a low 
proportion of lymph node metastasis (P=0.071: nearly 
statistically significant). If the metabolic pathway of VD is 
still used to explain this situation and the high expression 
of CYP24A1 leads to VD inactivation, then the tumor-
inhibition of VD is weakened and the proportion of lymph 
node metastasis should be increased, which is contrary to 
the experimental results.

It has been reported that the proportion of lymph 
node metastasis in colorectal cancer patients with a high 
expression of CYP24A1 is high (5), which is inconsistent 
with the results of this present experiment. In another 
study, although the relationship between VDR expression 
and lymph node metastasis of PDAC was not statistically 
significant (18), the proportion of lymph node metastasis in 
patients with a high expression of VDR tended to be lower. 
Therefore, the relationship between CYP24A1 and VD 
metabolic pathway in the lymph node metastasis of PDAC 
remains unclear, and depends on further research.

The results suggested that the expression of CYP24A1 
in the ANC zone was related to the differentiation of 
PDAC. In both T% (P=0.026) and Tin (P=0.079), among 
cases with high staining parameters, the proportion of 
highly differentiated cancer is large, which suggested 
that the expression of CYP24A1 is more helpful to the 
high differentiation of pancreatic exocrine gland cells in 

the process of malignant transformation. In terms of the 
relationship between VD and tumor differentiation, relevant 
reports have shown that VD can induce differentiation 
(19,20). If the effect of CYP24A1 on PDAC differentiation 
is considered through the VD metabolic pathway, the 
overexpression of CYP24A1 will promote the inactivation 
of 1,25(OH)2D3, thus, the induction and differentiation 
function of VD for cancer cells is reduced. The result 
should be a high proportion of low differentiation. This 
contradictory result shows that if CYP24A1 plays a role 
in cell differentiation through other pathways (apart from 
VD), it then deserves further study.

In the survival data, C% and Cin are protective factors 
for postoperative survival, suggesting that the relatively 
high expression of CYP24A1 in cancer cells may be a 
protective factor, which is different from CYP24A1 in other 
tumor survival assessments (5,19) and if the VD pathway is 
passed, it is not reasonable to explain the protective effect of 
CYP24A1 on postoperative survival.

In the cell test, the proliferation and invasion ability 
of PDAC cells after CYP24A1 was silenced decreased 
significantly, indicating that CYP24A1 has a certain degree 
of influence on the biological behavior of PDAC cells and 
that the test results suggest that in the absence of VD, the 
changes of CYP24A1 expression also have an impact on 
the phenotype of PDAC cells. In the studies showing the 
effects of CYP24A1 on tumor cells, breast cancer cells (21)  
demonstrated that the knocking down of CYP24A1 
impacted the metabolism of 1,25(OH)2D3 and the gene-
expression profile was altered in some cancer-associated 
genes. Furthermore, CYP24A1-induced vitamin D (VD) 
insufficiency promotes breast cancer growth. Höbaus et al.  
reported their studies on human colorectal cancer cell-
HT29 xenograft, investigated by feeding mice VD and 
soy (a kind of CYP24A1 inhibitor). They assumed that 
a diet with VD and/or soy could inhibit tumor growth 
only in conditions of CYP24A1 common expressions. 
Nevertheless, in conditions of CYP24A1 overexpression, 
the tumor volume of mice with a high VD diet was bigger 
than in a low VD diet. During CYP24A1 overexpression, 
the inhibition of the CYP24A1-inhibitor to the tumor 
proliferation had not been reflected (22). Therefore, 
CYP24A1 affects the biological behavior of tumor cells, 
however, the exact situation remains unclear.

There were some limitations to this study. Firstly, there 
were insufficient data about the multivariable analysis of 
the relationship between CYP24A1 and clinicopathological 

Table 1 (continued)

Clinicopathological indexes Number χ2 P

Clinical pathological staging 
(A stage)

0.467 0.494

I, II 32/29

III, IV 5/7

Neurovascular invasion 0.013 0.908

No 19/18

Yes 18/18
a
, among 73 cases, 7 cases had no lymph node in pathological 

report; 
b
, difference is almost statistically significant; 

c
, 

difference is statistically significant. PDAC, pancreatic ductal 
adenocarcinoma.

https://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%B6baus J%5BAuthor%5D&cauthor=true&cauthor_uid=26238339
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Table 2 Univariate analysis of clinicopathological parameters with overall survival 

Clinicopathological parameters
Log-Rank test Cox analysis

Median survival time (95% CI) P HR (95% CI) P

Age

≤60 years 19.0 (15.3–22.7) 0.083 1.55 (0.93–2.58) 0.096 

>60 years 13.0 (11.5–14.5)

Gender

Male 16.0 (10.6–21.4) 0.827 1.06 (0.63–1.79) 0.833

Female 14.0 (9.9–18.1)

Cancer location

Head 13.0 (9.5–16.6) 0.828 0.94 (0.55–1.63) 0.833

Body tail 18.0 (12.3–23.8)

Differentiation

High 20.0 (14.6–25.5) 0.196 1.38 (0.83–2.31) 0.213

Poor 13.0 (11.7–14.3)

Size

≤2 cm 20.0 (14.2–25.6) 0.350 1.44 (0.65–3.17) 0.368

>2 cm 14.0 (11.1–16.9)

Lymph node

Negative 16.0 (11.4–20.1) 0.411 1.26 (0.72–2.20) 0.428

Positive 12.0 (9.7–14.3)

Staging

I, II 14.0 (10.4–17.4) 0.185 0.63 (0.31–1.28) 0.203a

III, IV 19.0 (11.1–26.9)

Neurovascular invasion

No 17.0 (12.4–21.6) 0.382 0.80 (0.48–1.34) 0.398

Yes 14.0 (4.86–23.1)
a
, the group with later staging had a longer postoperative overall survival.

Table 3 Univariate analysis of staining parameters with overall survival

CYP24A1 expression
Log-Rank test Cox analysis

Median survival time (95% CI) P HR (95% CI) P

C% 13.0 (10.1–15.9) 0.090 0.65 (0.39–1.09) 0.103 

17.0 (11.3–22.7)

Cin 13.0 (10.6–15.4) 0.098 0.66 (0.40–1.10) 0.112 

17.0 (11.2–22.8)

ANC% 14.0 (8.3–19.7) 0.887 0.97 (0.58–1.60) 0.890

17.0 (13.4–20.6)

ANCin 16.0 (11.2–20.8) 0.671 0.90 (0.54–1.19) 0.681

13.0 (9.4–16.6)

file:///E:/%e6%9c%b1%e4%b8%89%e8%90%8d/%e4%b8%ad%e6%96%87%e4%b9%a6/1B052-%e8%82%ba%e7%bb%93%e8%8a%82%e4%ba%a4%e4%ba%92%e5%8d%b0%e8%af%81%e5%bc%8f%e8%af%8a%e6%96%ad100%e4%be%8b%e5%88%86%e6%9e%90/javascript:;
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Table 4  Primer sequence

Primer Primer Sequence (5’-3’)

H-ACTIN-S CACCCAGCACAATGAAGATCAAGAT

H-ACTIN-A CCAGTTTTTAAATCCTGAGTCAAGC

H-CYP24A1-S TACAGCGAACTGAACAAATGGT

H-CYP24A1-A GAGTGACCATCATCCTCCCAA

Figure 2 After multivariate analysis with survival, the results prompted that C% (A) and Cin (B) were the independent prognostic factors. 
The death risk of cases with a high expression of CYP24A1 was lower than those with poor expressions.
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features due to the limited sample size. This should be 
further researched. Secondly, only cell line was utilized 
for functional experiments. Thirdly, this study was only a 
single-center trial and the sample size was limited. Fourthly, 
there were not enough data about the proliferation, 
migration and invasion assays which should be further 
researched.

Conclusions

Through the experiment and the related literature, it is 
deemed that CYP24A1 has a considerable biological role in 
the occurrence, development, and prognosis of PDAC and 
the changes of its expression, to a certain extent, affect the 
differentiation and lymph node metastasis of PDAC, as well 
as the prognosis of PDAC patients. As an organ possessing 
both endocrine and exocrine functions, the pancreas has 
more various cell types in glands and PDAC contains a 
large number of stromal components, which make PDAC 

distinct from other solid tumors. The interaction between 
stromal cells and PDAC cancer cells has attracted significant 
attention. In all probability, CYP24A1 plays a role in 
PDAC in other ways than simply through the VD pathway. 
Conclusively, there is still a large number of questions 
about the role CYP24A1 in tumors (especially PDAC) that 
requires more research for its adequate interpretation.
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