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Abstract. Hepcidin and ferroportin, which are known as key 
iron regulators, may be used in future treatments of pancreatic 
ductal adenocarcinoma. Iron is essential for life support; it 
helps oxygen molecules bind to hemoglobin and acts as an 
important catalytic enzyme center. However, iron overload 
is a risk factor for cancer, possibly through the generation of 
reactive oxygen species (ROS). Hepcidin, which is a peptide 
hormone mainly generated by the liver, inhibits iron absorption 
via enterocytes and iron release from macrophages. Notably, 
hepcidin regulates iron homeostasis in the body by regulating 
the iron transporter ferroportin. In the present study, it was 
assumed that high hepcidin expression and low ferroportin 
expression result in malignancy. Therefore, it was examined 
whether hepcidin and ferroportin expression levels were 
correlated with the prognosis of pancreatic cancer in patients. 
Results revealed that high hepcidin expression levels and low 
ferroportin expression levels in pancreatic cancer tissue were 
significantly associated with poor prognosis in the analyses 
of overall survival (P=0.0140 and 0.0478, respectively). 
Additionally, there was no significant difference in 
disease‑free survival in the hepcidin‑ and ferroportin‑staining 
groups. Hepcidin expression correlated with the pathological 
stage and vascular invasion (P=0.0493 and 0.0400, 
respectively), and ferroportin expression was correlated with 
age (P=0.0372). Multivariate analysis of overall survival in 

the hepcidin‑staining group revealed that pathological N 
factor (pN), adjuvant chemotherapy, and hepcidin expression 
were independent prognostic factors (P=0.0450, 0.0002, 
and 0.0049, respectively). Similarly, multivariate analysis of 
overall survival in the ferroportin‑staining group revealed that 
vascular invasion, and ferroportin expression were independent 
prognostic factors (P=0.0028, P<0.0001, and P=0.0056, 
respectively). Thus, hepcidin and ferroportin expressions 
might be novel prognostic indicators for pancreatic cancer.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a lethal neoplasm 
due to its potential for distant metastasis in early stages of the 
disease, and it has a five‑year survival rate of approximately 
6% (1). PDAC has poor prognosis because it is difficult to 
detect in the early stages and exhibits rapid progression (2). 
Although surgery is the only treatment option that improves 
survival, it is curative in only 10‑20% of cases (3). Therefore, 
to improve the prognosis of patients with pancreatic cancer, 
novel therapeutic agents need to be developed.

Recently, iron metabolism has been targeted for the 
development of new cancer therapeutic agents. Iron is asso-
ciated with many vital reactions such as respiration and is 
essential for life support; it helps oxygen molecules bind to 
hemoglobin and acts as an important catalytic center for 
many enzymes, e.g., cytochromes (4). Iron is incorporated 
into the enzymes and proteins required for important cellular 
processes, such as oxygen transport, proliferation and energy 
production (5). Iron absorption in the duodenum and upper 
jejunum is highly regulated to maintain iron levels in the 
body (6). However, iron works as a double‑edged sword; iron 
overload is a risk factor for cancer, presumably through the 
generation of reactive oxygen species (ROS). ROS include 
superoxide (O2•‑), peroxides (H2O2 and ROOH), and free 
radicals (HO• and RO•), which are generated through the 
Fenton reaction. This persistent oxidative stress has been 
shown to induce carcinogenesis (7‑9).

Cancer cells also depend on iron for proliferation; 
JARID1B, a well‑known example, is an epigenetic factor that 
works as an H3K4 demethylase and activates cell growth in 
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melanoma, esophageal cancer, colon cancer, breast cancer, 
and prostate cancer (10‑14). Iron is required as a cofactor to 
upregulate JARID1B activity (13). Conversely, several studies 
have shown that iron deprivation inhibits in  vitro tumor 
growth (15).

Hepcidin is a key peptide hormone that regulates iron 
homeostasis in chordates and is produced by the liver in 
response to inflammatory stimuli and iron overload (16,17). 
Hepcidin is a small antimicrobial peptide that inhibits iron 
absorption by enterocytes, iron release from macrophages, 
and iron transport across the placenta. The role of hepcidin 
is shown to be related to its regulation of the iron transporter 
ferroportin (18). Ferroportin is an important regulator of iron 
metabolism in the body and is a membrane transport protein 
that transfers intracellular iron to the extracellular environ-
ment. Reduced ferroportin expression on the cell surface leads 
to an increase in intracellular free iron, making the tumor 
cells more aggressive (19). Hepcidin binds to ferroportin on 
the cell surface and induces ferroportin internalization and 
degradation, which elevates the intracellular iron levels (20). 
In breast tumors, it has been suggested that tumor hepcidin 
expression is marginally increased relative to adjacent tissues. 
By contrast, tumor ferroportin concentration is greatly reduced 
in breast tumors, particularly in malignant tumors, compared 
with concentration in adjacent tissues (21).

Therefore, we hypothesized that high hepcidin expres-
sion levels contribute to a decrease in the expression of its 
downstream receptor ferroportin and an increase in intracel-
lular iron retention, which accelerates tumor malignancy 
(tumor cell growth and disease progression) in patients with 
pancreatic cancer and finally leads to poor outcomes of the 
disease. In the present study, we examined whether hepcidin 
and ferroportin expressions are associated with prognosis of 
patients with pancreatic cancer.

Materials and methods

Patients and paraffin‑embedded tissue samples. Ninety‑two 
pancreatic tissue samples in total were obtained from 
patients with pancreatic cancer who received curative surgery 
between March 2007 and September 2013 at the Department 
of Gastroenterological Surgery, Osaka University Hospital. 
These samples were fixed in 10% formaldehyde and embedded 
in paraffin. We diagnosed the clinicopathological stage 
according to the Union for International Cancer Control TNM 
Classification of Malignant Tumors, 7th edition. The use of 
paraffin blocks in this study was approved by the Institutional 
Review Board. We obtained written consent from all patients 
at the beginning of the study. The present study was performed 
as a retrospective study on samples.

Immunohistochemical staining. Immunohistochemical 
staining was performed using the previously described 
method  (22). Briefly, paraffin blocks were cut into 4‑µm 
sections. Next, the sections were deparaffinized in xylene 
and treated with a boiled antigen retrieval solution; endog-
enous peroxidase activity was blocked using 0.3% hydrogen 
peroxide for 20 min at room temperature, and the sections 
were incubated overnight at 4˚C with a specific antibody 
[anti‑hepcidin antibody: Mouse monoclonal, 1:100 dilution 

(Abcam, Cambridge, MA, USA); anti‑SLC40A1: Rabbit poly-
clonal, 1:200 dilution (Abcam)]. As a positive control for 
hepcidin antibodies, a liver sample was used, and as a positive 
control for ferroportin antibodies, a colon sample was used. 
Thereafter, the sections were incubated with a secondary 
antibody for 1 h at room temperature and assessed using 
avidin‑biotin complex reagents (Vector Laboratories, Inc., 
Burlingame, CA, USA). The sections stained for hepcidin 
and ferroportin were incubated in 3,3'‑diaminobenzidine for 
1.5 and 2.5 min, respectively. Subsequently, all sections were 
counterstained with hematoxylin.

Evaluation of hepcidin and ferroportin expression in 
pancreatic cancer tissues. Expressions of hepcidin and ferro-
portin were evaluated according to the staining intensity of 
pancreatic duct epithelial cells in cancer tissues. Pancreatic 
duct epithelial cells exhibiting the same or higher staining 
intensity as that of the positive control were classified as the 
strongly‑stained group, whereas those exhibiting weaker 
staining intensity than that of the control and the cells that were 
not stained at all were classified as the weakly‑stained group. 
The evaluation of immunostaining intensity was performed by 
two observers (R.T and M.M.).

Statistical analysis. Continuous variables were expressed 
as mean  ±  standard deviation. The associations between 
categorical variables and hepcidin or ferroportin expression 
were assessed using the Pearson chi‑squared test. Overall 
survival (OS) was defined as the time elapsed from the date 
of surgery until the date of tumor‑induced death or the last 
follow‑up, and was assessed using the Kaplan‑Meier method; 
the log‑rank test was used for comparisons. Recurrence‑free 
survival  (RFS) was defined as the time elapsed from the 
date of surgery until the date of tumor‑recurrence or the last 
follow‑up.

Univariate and multivariable Cox proportional hazard 
models were used to explore the association between age, sex, 

Table I. Clinicopathological features in 92  patients with 
pancreatic cancer.

Variables	 Value

Age (years)	 67.3±9.99
Sex (M/F)	 57/35
Tumor size (mm)	 24.8±12.0
Location (Ph/Pb/Pt)	 60/23/9
Histopathological type (tub/por/muc)	 87/4/1
pT (1/2/3/4)	 17/9/65/1
pN (0/1)	 61/31
pStage (IA/IB/IIA/IIB/III/IV)	 15/7/38/30/1/1
Vascular invasion (0/1 or 2 or 3)	 22/70
Neural invasion (0/1 or 2 or 3)	 16/76
Adjuvant chemotherapy (complete/failure)	 58/34

M, male; F, female; Ph, pancreas head; Pb, pancreas body; Pt, 
pancreas tail; tub, tubular adenocarcinoma; Por, poorly differentiated 
adenocarcinoma; muc, mucinous adenocarcinoma.
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tumor size, location, histopathological type, pathological T factor 
(pT), pN, pathological stage (pStage), vascular invasion, neural 
invasion and adjuvant chemotherapy, and hepcidin expression. 
These models were used in evaluating the OS and RFS. 
Ferroportin expression was also evaluated in the same manner. 
P<0.05 was considered to indicate a statistically significant 
difference. All statistical analyses were performed using JMP 
Pro® 12 software (SAS Institute Inc., Cary, NC, USA).

Results

Immunohistochemistry for hepcidin in pancreatic cancer 
tissues. Table  I shows the clinicopathological features of 
92 patients with pancreatic cancer who underwent curative 
resection. Stained sections were classified into three catego-
ries based on staining intensity: Not stained; weakly stained 
(stained weaker than positive control); and strongly stained 
(stained equal to or stronger than positive control; Fig. 1). The 
sections that were weakly stained or not stained were included 
in the weakly‑stained group, which comprised 26 patients, 
and those that were strongly stained were included in the 
strongly‑stained group, which comprised 66 patients.

The clinicopathological features based on hepcidin 
expression are summarized in Table II. Among the examined 
pathological features, we detected a significant difference in 
pStage and vascular invasion.

The strongly‑stained hepcidin group exhibited a significantly 
shorter OS than did the weakly‑stained hepcidin group (Fig. 2A). 
In terms of RFS, no significant difference was observed between 
the strongly‑ and weakly‑stained hepcidin groups; however, the 

strongly‑stained group displayed a tendency toward worse RFS 
compared with the weakly‑stained group (Fig. 2B).

Univariate analysis revealed significant differences in 
pN, pStage, vascular invasion, adjuvant chemotherapy, and 
hepcidin expression (Table III). pStage and vascular invasion 
were excluded from multivariate analysis because they were 
associated with hepcidin expression, as described in Table II. 
Multivariate analysis indicated significant differences in pN, 
adjuvant chemotherapy, and hepcidin expression; therefore, 
these items were found to be independent prognostic factors.

Univariate analysis of RFS was performed in a similar 
manner to that of OS (Table IV). pStage and vascular inva-
sion significantly differed in the univariate analysis; however, 
there were no significant differences in the multivariate 
analysis.

Immunohistochemistry for ferroportin in pancreatic cancer 
tissues. We evaluated immunostaining for ferroportin using 
a method similar to that used for hepcidin. Stained sections 
were classified into three categories based on staining 
intensity: Not stained; weakly stained (stained weaker than 
positive control); and strongly stained (stained equal to or 
stronger than positive control; Fig.  3). The sections that 
were weakly stained or not stained were included in the 
weakly‑stained group and those that were strongly stained 
were included in the strongly‑stained group.

The clinicopathological features based on ferroportin 
expression are summarized in Table V. Among the examined 
pathological features, we detected a significant difference 
only in age. Unlike the hepcidin samples, the weakly‑stained 

Figure 1. Immunohistochemistry findings for hepcidin staining are shown at x200 magnification. Liver sections were used as positive control for hepcidin 
staining. Stained sections of pancreatic cancer tissues were classified into three categories according to staining intensity: Not stained; weakly stained (stained 
weaker than positive control); and strongly stained (stained equal to or stronger than positive control).
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Table II. Clinicopathological features based on hepcidin expression.

Variables	 Weakly or not stained (n=26)	 Strongly stained (n=66)	 P‑value

Age (≥65/<65 years)	 15:11	 43:23	 0.5045
Sex (M/F)	 15:11	 42:24	 0.5970
Tumor size (≥20/<20 mm)	 12:14	 45:21	 0.0500
Location (Ph/Pb or Pt)	  19:7	 41:25	 0.3205
Histopathological type (por or muc/tub)	 2:24	   3:63	 0.5488
pT (1 or 2/3 or 4)	 10:16	 15:51	 0.1266
pN (0/1)	 21:5	 39:27	 0.0654
pStage (IIB or III or IV/IA or IB or IIA)	 5:21	 39:27	 0.0493a

Vascular invasion (0/1 or 2 or 3)	 10:16	 12:54	 0.0400a

Neural invasion (0/1 or 2 or 3)	 7:19	 10:56	 0.1902
Adjuvant chemotherapy (failure/complete)	 9:17	 25:41	 0.7703

P‑values were calculated using the Pearson chi‑squared test. aP<0.05. M, male; F, female; Ph, pancreas head; Pb, pancreas body; Pt, pancreas 
tail; tub, tubular adenocarcinoma; Por, poorly differentiated adenocarcinoma; muc, mucinous adenocarcinoma.

Table III. Univariate and multivariate analysis for overall survival in relation to hepcidin staining.

	 Univariate analysis	 Multivariate analysis
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 P‑value	 HR (95% CI)	 P‑value

Age (≥65/<65 years)	 0.1945
Sex (M/F)	 0.9873
Tumor size (≥20/<20 mm)	 0.0513
Location (Ph/Pb or Pt)	 0.9346
Histopathological type (por or muc/tub)	 0.4726
pT (3 or 4/1 or 2)	 0.2014
pN (1/0)	 0.0203a	 1.83 (1.07‑3.10)	 0.0450a

pStage (IIB or III or IV/IA or IB or IIA )	 0.0106a

Vascular invasion (+/‑)	 0.0060a

Neural invasion (1 or 2 or 3/0)	 0.0880
Adjuvant chemotherapy (failure/complete)	 0.0006a	 2.64 (1.55‑4.47)	 0.0002a

Hepcidin (Strongly stained/Weakly or no stained)	 0.0104a	 2.20 (1.19‑4.38)	 0.0049a

P‑values from univariate analysis were calculated using log‑rank test. aP<0.05. P‑values from multivariate analysis were calculated using Cox 
proportional hazards regression analysis. HR, hazard ratio; CI, confidence interval; M, male; F, female; Ph, pancreas head; Pb, pancreas body; 
Pt, pancreas tail; tub, tubular adenocarcinoma; Por, poorly differentiated adenocarcinoma; muc, mucinous adenocarcinoma.

Figure 2. Kaplan‑Meier survival curves in relation to hepcidin staining. (A) Overall survival curve. (B) Recurrence‑free survival (RFS) curve. P‑values were 
calculated using the log‑rank test.
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ferroportin group exhibited significantly shorter OS than did 
the strongly‑stained ferroportin group (Fig. 4A). In terms 
of RFS, no significant difference was observed between the 
strongly‑ and weakly‑stained ferroportin groups (Fig. 4B).

Univariate and multivariate analyses for OS with respect 
to ferroportin staining are shown in Table VI. As described 
in Table III, in addition to pN, pStage, vascular invasion, and 

adjuvant chemotherapy, there was a significant difference 
in ferroportin expression. pStage was excluded from the 
multivariate analysis because it seemed to be associated with 
pN. Multivariate analysis revealed significant differences in 
vascular invasion, adjuvant chemotherapy, and ferroportin 
expression; therefore, these were considered to be indepen-
dent prognostic factors.

Table IV. Univariate and multivariate analysis for recurrence‑free survival in relation to hepcidin staining. 

	 Univariate analysis	 Multivariate analysis
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 P‑value	 HR (95% CI)	 P‑value

Age (≥65/<65 years)	 0.7707
Sex (M/F)	 0.9452
Tumor size (≥20/<20 mm)	 0.2565
Location (Ph/Pb or Pt) 	 0.9453
Histopathological type (por or muc/tub) 	 0.3270
pT (3 or 4/1 or 2)	 0.3038
pN (1/0)	 0.0679
pStage (IIB or III or IV/IA or IB or IIA)	 0.0408a	 1.63 (0.91‑2.91)	 0.0983
Vascular invasion (+/‑)	 0.0358a	 2.19 (0.99‑5.52)	 0.0521
Neural invasion (1 or 2 or 3/0)	 0.4832
Adjuvant chemotherapy (failure/complete) 	 0.0581
Hepcidin (Strongly stained/Weakly or no stained)	 0.0684

P‑values from univariate analysis were calculated using log‑rank test. aP<0.05. P‑values from multivariate analysis were calculated using Cox 
proportional hazards regression analysis. HR, hazard ratio; CI, confidence interval; M, male; F, female; Ph, pancreas head; Pb, pancreas body; 
Pt, pancreas tail; tub, tubular adenocarcinoma; Por, poorly differentiated adenocarcinoma; muc, mucinous adenocarcinoma.

Figure 3. Immunohistchemistry findings for ferroportin staining are shown at x100 magnification. Colon sections were used as positive control for ferroportin 
staining. Stained sections of pancreatic cancer tissues were classified into three categories according to staining intensity: Not stained; weakly stained (stained 
weaker than positive control); and strongly stained (stained equal to or stronger than positive control).
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Univariate analysis of RFS was performed in a manner 
similar to that of OS. Significant differences were noted in 
pStage and vascular invasion in the univariate analysis but not 
in the multivariate analysis (Table VII).

Discussion

In recent years, iron metabolism has attracted attention 
as a mechanism in the carcinogenetic process. Above all, 
hepcidin and ferroportin are thought to play important 
roles. Hepcidin is a peptide hormone that regulates iron 
homeostasis by regulating the iron transporter ferroportin 
and is produced mainly by the liver. Hepcidin expression is 
increased by the inflammatory cytokine interleukin 6 (IL‑6) 
and iron overload (23). IL‑6 is a multifunctional cytokine 
that is produced by many different cell types and plays an 
important role in the regulation of inflammation and immune 
response  (20,21). Hepcidin overexpression decreases iron 
absorption by inhibiting the iron transporter ferroportin in 
enterocytes and causes hypoferric anemia (24). Conversely, 
the dysfunction or genetic defect of hepcidin leads to hyper-
ferremia, as observed in hemochromatosis (25). Similarly, 

mutations in FPN1, the gene that encodes ferroportin, result 
in iron overload disease that shows dominant inheritance and 
variations in phenotype (26).

Some reports have indicated that hepcidin and ferro-
portin expressions are involved in carcinogenesis and tumor 
malignancy, e.g., according to a report on breast cancer, high 
hepcidin expression was observed in cells with a high degree 
of malignancy (27). In colorectal cancer, hepcidin expression 
in urine is associated with Tstage, and it is detected to measure 
hepcidin levels in urine using mass spectrometry (28). The 
serum hepcidin level was significantly higher in patients with 
non‑small cell lung cancer compared with noncancerous 
individuals (29). In a report on ferroportin, ferroportin over-
expression was shown to inhibit lung and liver metastases 
by altering metastasis‑relevant properties, including epithe-
lial‑mesenchymal transition (30).

Based on these findings, hepcidin and ferroportin were 
found to affect the malignancy of various cancers. Hepcidin 
expression occurs in the pancreas, although the expression 
level is much lower than that in the liver. Hence, we attempted 
to examine hepcidin expression in pancreatic cancer tissue. 
Similar to hepcidin expression, ferroportin expression also 

Figure 4. Kaplan‑Meier survival curves in relation to ferroportin staining. (A) Overall survival curve. (B) Recurrence‑free survival (RFS) curve. P‑values were 
calculated using the log‑rank test.

Table V. Clinicopathological features based on ferroportin expression.

Variables	 Weakly or not stained (n=52)	 Strongly stained (n=40)	 P‑value

Age (≥65/<65 years)	 28:24	 30:10	 0.0372a

Sex (M/F)	 32:20	 25:15	 0.9250
Tumor size (≥20/<20 mm)	 33:19	 24:16	 0.7346
Location (Ph/Pb or Pt)	 37:15	 23:17	 0.1728
Histopathological type (por or muc/tub)	 4:48	 1:39	 0.2761
pT (1 or 2/3 or 4)	 12:40	 13:27	 0.4099
pN (0/1)	 33:19	 28:12	 0.5107
pStage (IIB or III or IV/IA or IB or IIA)	 19:33	 13:27	 0.6868
Vascular invasion (0/1 or 2 or 3)	 11:41	 11:29	 0.4793
Neural invasion (0/1 or 2 or 3)	 7:45	 10:30	 0.1575
Adjuvant chemotherapy (failure/complete)	 17:35	 17:23	 0.3340

P‑values were calculated using the Pearson chi‑squared test. aP<0.05. M, male; F, female; Ph, pancreas head; Pb, pancreas body; Pt, pancreas tail; 
tub, tubular adenocarcinoma; Por, poorly differentiated adenocarcinoma; muc, mucinous adenocarcinoma.
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occurs in the pancreas  (23). Therefore, we expected that 
hepcidin and ferroportin were possibly involved in patients' 
prognosis of pancreatic cancer and we decided to examine this 
involvement.

As clarified in our study, hepcidin expression was 
correlated with pStage and vascular invasion in patients 
with pancreatic cancer, and high expression in the hepcidin 
group indicated shorter OS. pN, adjuvant chemotherapy, and 
hepcidin expression were found to be independent prognostic 
factors for OS. Ferroportin expression was correlated with 
age, and low expression in the ferroportin group indicated 

shorter OS. Vascular invasion, adjuvant chemotherapy, 
and ferroportin expression were found to be independent 
prognostic factors for OS. There was no significant differ-
ence in disease‑free survival in both the hepcidin‑ and 
ferroportin‑staining groups.

As previously mentioned, it can be inferred that increases 
intracellular iron levels through hepcidin‑ferroportin signaling 
might contribute to the malignancy of cancer. However, the detail 
of the mechanism is not known. One of the mechanisms that 
may be involved is associated with histone lysine demethylases 
(KDMs), including Jarid1B, as described in Background. Jarid1B 

Table VI. Univariate and multivariate analysis for overall survival in relation to ferroportin staining.

	 Univariate analysis	 Multivariate analysis
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 P‑value	 HR (95% CI)	 P‑value

Age (≥65/<65 years) 	 0.1945
Sex (M/F)	 0.9873
Tumor size (≥20/<20 mm)	 0.0513
Location (Ph/Pb or Pt) 	 0.9346
Histopathological type (por or muc/tub) 	 0.4726
pT (3 or 4/1 or 2)	 0.2014
pN (1/0)	 0.0203a	 1.17 (0.64‑2.11)	 0.6060
pStage (IIB or III or IV/IA or IB or IIA)	 0.0106a

Vascular invasion (+/‑)	 0.0060a	 3.43 (1.50‑8.90)	 0.0028a

Neural invasion (1 or 2 or 3/0)	 0.0880
Adjuvant chemotherapy (failure/complete) 	 0.0006a	 4.37 (2.35‑8.20)	 <.0001a

Ferroportin (Weakly or no stained/strongly stained)	 0.0459a	 2.25 (1.26‑4.14)	 0.0056a

P‑values from univariate analysis were calculated using log‑rank test. aP<0.05. P‑values from multivariate analysis were calculated using Cox 
proportional hazards regression analysis. HR, hazard ratio; CI, confidence interval; M, male; F, female; Ph, pancreas head; Pb, pancreas body; 
Pt, pancreas tail; tub, tubular adenocarcinoma; Por, poorly differentiated adenocarcinoma; muc, mucinous adenocarcinoma.

Table VII. Univariate and multivariate analysis for recurrence‑free survival in relation to ferroportin staining.

	 Univariate analysis	 Multivariate analysis
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 P‑value	 HR (95% CI)	 P‑value

Age (≥65/<65 years)	 0.7707
Sex (M/F)	 0.9452
Tumor size (≥20/<20 mm)	 0.2565
Location (Ph/Pb or Pt)	 0.9453
Histopathological type (por or muc/tub)	 0.3270
pT (3 or 4/1 or 2)	 0.3038
pN (1/0)	 0.0679
pStage (IIB or III or IV/IA or IB or IIA)	 0.0408a	 1.48 (0.83‑2.61)	 0.1582
Vascular invasion (+/‑)	 0.0358a	 1.62 (0.83‑3.33)	 0.1835
Neural invasion (1 or 2 or 3/0)	 0.4832
Adjuvant chemotherapy (failure/complete)	 0.0581
Ferroportin (Weakly or not stained/Strongly	 0.1846

P‑values from univariate analysis were calculated using log‑rank test. aP<0.05. P‑values from multivariate analysis were calculated using Cox 
proportional hazards regression analysis. HR, hazard ratio; CI, confidence interval; M, male; F, female; Ph, pancreas head; Pb, pancreas body; 
Pt, pancreas tail; tub, tubular adenocarcinoma; Por, poorly differentiated adenocarcinoma; muc, mucinous adenocarcinoma.
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was reported to be well expressed in breast cancers and breast 
cancer cell lines, but Jarid1B expression was not observed in 
almost all normal organs except for the testis and ovary (14). 
Moreover, the TCGA dataset indicated that Jarid1B RNA 
is expressed in various cancer tissues, including pancreatic 
cancer. In a prostate cancer cell line, the enzymatic activity of 
Jarid1B was significantly diminished in the absence of ascorbic 
acid, α‑ketoglutarate, or Fe (II), or in the presence of an iron 
chelator (13). The data of our previous experiment also shows 
similar results (data not shown), supporting the notion that 
JARID1B is an iron‑dependent dioxygenase.

To summarize what has been discussed in this paper, although 
the correlation between Jarid1B and hepcidin‑ferroportin 
signaling has not yet been elucidated, hepcidin‑ferroportin 
signaling promotes iron retention in cells; furthermore, the 
increase in iron retention activates Jarid1B enzyme activity as 
a silencer of the tumor suppressor gene. It could be inferred that 
this is a mechanism of malignant transformation.

Our findings provide new insight into the mechanisms under-
lying the important role of deregulated hepcidin‑ferroportin 
signaling in cancer, and these findings might contribute to the 
development of an anticancer therapeutic target.
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