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Abstract. Pancreatic cancer has extremely poor prognosis, 
warranting the discovery of novel therapeutic and prognostic 
markers. The expression of polymeric immunoglobulin 
receptor (pIgR), a key component of the mucosal immune 
system, is increased in several cancers. However, its clinical 
relevance in pancreatic cancer remains unclear. In the present 
study, the prognostic value of pIgR in pancreatic cancer 
patients after surgical resection was assessed and it was deter-
mined that the expression of pIgR was correlated with poor 
prognosis. Ten pancreatic cancer patient‑derived xenograft 
(PDX) lines were established, followed by next‑generation 
sequencing of tumor tissues from these lines after standard 
chemotherapy. Immunohistochemical analysis of chemo-
resistance‑related molecules using 77  pancreatic cancer 
tissues was also performed. The expression of pIgR mRNA 
in the PDX group treated with anticancer drugs was higher 
than in the untreated group. High pIgR expression in tissue 

specimens from 77 pancreatic cancer patients was signifi-
cantly associated with poor prognosis and was revealed to be 
an independent prognostic factor, predicting poor outcomes. 
High pIgR mRNA and protein levels were independent prog-
nostic factors, indicating that pIgR could be a novel predictor 
for poor prognosis of pancreatic cancer patients.

Introduction

Pancreatic cancer is an aggressive disease, frequently diag-
nosed (in ~80% of cases) at an advanced stage (1) when the 
tumor is unresectable due to infiltration of local arteries or 
distant metastasis (2). Unfortunately, pancreatic resection is 
possible in few (5‑10%) patients (3). Pancreatic adenocarci-
noma remains one of the deadliest cancers, with a five‑year 
survival rate of 6‑8% (4,5) and a median duration of survival 
of less than two years even in surgically‑treated patients (5).

Pancreatic cancer is the fourth‑leading cause of 
cancer‑related deaths in the USA  (4) and is predicted to 
become the second‑leading cause among individuals older 
than 65 years by 2030 (6). Globally, this trend has remained 
unchanged, with more than 200000  deaths attributed to 
pancreatic cancer annually (7).

The overall survival (OS) of pancreatic cancer patients has 
not improved significantly in the past 30 years (1). The high 
mortality rate is probably due to diagnosis at an advanced stage 
when the currently available therapies have limited effects. The 
addition of nab‑paclitaxel (nab‑PTX) to gemcitabine (GEM) 
increased the OS from 6.6 to 8.7 months (8,9). For patients 
in good physical condition, treatment with FOLFIRINOX 
(5‑fluorouracil, oxaliplatin, and irinotecan) increased the 
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survival to 11.1 months compared to the OS for GEM alone, 
but had potentially severe side effects (10).

Chemoresistance is a reason for high mortality in pancre-
atic cancer (7,11). Gemcitabine and nab‑PTX are the standard 
of care for treating advanced pancreatic cancer (8,9), exhib-
iting benefits over GEM. However, systemic chemotherapy has 
a limited effect on OS due to low response rates and chemo-
resistance, ascribed to the poorly understood mechanism of 
action. Early diagnosis using novel biomarkers is an important 
goal for pancreatic cancer researchers.

The polymeric immunoglobulin receptor (pIgR) respon-
sible for transcytosis of polymeric Igs (dimeric IgA and 
pentameric IgM) across mucosal surfaces (12) facilitates the 
secretion of IgA and IgM, the first‑line antibodies against 
infection (13,14). The extracellular portion of pIgR is then 
cleaved off as a secretory component (SC) bound to poly-
meric IgA, protecting it from proteolytic degradation (14) and 
ensuring effective mucosal secretion (15). pIgR is expressed 
on epithelial cells and is upregulated by proinflammatory 
cytokines in response to viral and bacterial infections, thus 
linking innate and adaptive immunity  (13,14,16,17). The 
extracellular component of pIgR can be cleaved to produce 
the SC that is not bound to IgA, which then acts as a scavenger 
on the mucosal lining (14).

pIgR is highly expressed in several cancers; its upregula-
tion was detected in colon (18), breast (19,20), endometrial (21), 
bladder (22), hepatocellular (23,24), epithelial ovarian (25), 
and esophageal and gastric cancers (26). High levels of the 
SC were also detected in the sera of patients with lung (27,28), 
pancreatic (29), and colon cancer with liver metastasis (30). 
However, the clinical significance and prognostic value of 
pIgR remain unclear.

Herein, pIgR, as a novel protein associated with 
chemoresistance, was investigated using pancreatic cancer 
patient‑derived xenograft (PDX) lines. To demonstrate the 
association between pIgR expression and clinicopathological 
features, the expression and prognostic ability of pIgR were 
evaluated using immunohistochemistry (IHC) of 77 human 
pancreatic cancer tissues following surgical resection.

Materials and methods

Establishment of pancreatic cancer PDX lines. NSG mice, 
obtained from The Jackson Laboratory, were housed asepti-
cally in plastic cages at 22±1˚C under 45±10% relative humidity 
and a 12‑h light/12‑h dark cycle. All mice were fed a standard 
diet and were allowed free access to food and water. All 
experiments involving animals were performed in accordance 
with the care and use guidelines of the Kanagawa Cancer 
Center Research Institute, Japan. The study was approved by 
the Research Ethics Committee of Kanagawa Cancer Center 
Research Institute (approval no. 176).

Surgically resected tumor tissues from ten pancreatic 
cancer patients (age range, 51‑79 years; mean age, 67.2 years; 
4 males and 6 females; Table SI) were subcutaneously trans-
planted into 6‑12‑week‑old mice using transplantation needles 
(Fig. S1A) as previously described  (31,32). These patients 
provided informed consent and tumor tissues were resected 
at the Kanagawa Cancer Center Hospital (Kanagawa, Japan) 
from June, 2008 to March, 2015. Briefly, after each patient 

underwent surgery, fresh tumor tissues were cut into small 
pieces of approximately 0.8‑5.0 mm3 using scissors or minced 
under sterile conditions. A small incision was made on the 
lower back of the mouse near the base on the hindlimb, and a 
transplant needle was inserted until the tip reached the dorsal 
subcutaneous area of the upper part of the back, followed by 
closure. This method was used to prevent outflow of the engraft-
ment. These PDX lines were designated as Generation 1 (G1). 
When the tumor volumes in G1 mice reached 1000 mm3, the 
tumor tissues were removed and re‑implanted into other NSG 
mice. Ten PDX lines up to G7 were generated after repeated 
passaging (Fig. S1B).

Antitumor effects of chemotherapy in the pancreatic cancer 
PDX model. Anticancer drugs [GEM or GEM + nab‑PTX] 
or saline (used as a control) were administered intraperitone-
ally to PDX mice with 200‑400 mm3 tumors. Tumor volumes 
(mm3) were determined weekly using the formula [length 
(mm)2 x width (mm)]/2. The chemotherapy was administered 
via intra‑abdominal injection on days 1, 3, and 6.

Identification of chemoresistance‑related molecules. Tumor 
tissues from treated and control PDX lines were harvested 
when the tumor volume in the control group exceeded 
1500 mm3. After the tumor‑bearing mice were sacrificed, the 
tumors were cut into 4‑µm thick pieces that were immediately 
frozen in liquid nitrogen. The frozen tissue was crushed 
using a Cryo‑Press (Microtec Co., Ltd.). Total RNA was 
isolated and purified with ZR‑Duet DNA/RNA MiniPrep 
(Zymo Research Corp.). RNA quality was assessed using 
the Agilent 2100 Bioanalyzer (Agilent Technologies, Inc.), 
followed by next‑generation sequencing (NGS) on an Illumina 
HiSeq 4000  system at BGI with paired‑end sequencing. 
The read lengths were 2x100 bp for GEM monotherapy and 
2x150 bp for GEM + nab‑PTX combination therapy.

Transcriptome analysis. Paired‑end reads were mapped to all 
the RefSeq human (hg38 coordinates) and mouse (mm10 coor-
dinates) transcripts using Bowtie 1.1.2 (33), allowing up to one 
mismatch, and reads mapped to both the species or to multiple 
genes were discarded. To avoid bias due to read length differ-
ences, only the first 100 bp of each read for samples with read 
lengths of 150 bp were used for mapping. Reads mapping to 
noncoding transcripts were removed, and the remaining were 
used for gene expression profiling of human cancer and mouse 
stromal cells (34). The expression values were normalized for 
cancer and stromal cells independently; the sum of expression 
values below the 95th percentile being 300000.

Bioinformatics analysis using The Cancer Genome Atlas 
(TCGA; https://www.cancer.gov/about‑nci/organization/ccg/
research/structural‑genomics/tcga) database. The Human 
Protein Atlas (http://www.proteinatlas.org) was used as a tool 
for antibody‑based biomarker discovery (35). TCGA RNASeq 
data for pancreatic cancer were used to generate Kaplan‑Meier 
curves on the basis of pIgR expression. Patients were classi-
fied into two groups, and the association between survival and 
gene expression was examined. The expression cut‑off based 
on the fragments per kilobase of exon model per million reads 
mapped (FPKM) value that yielded the maximal difference 
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between the two groups with regard to survival at the lowest 
log‑rank P‑value was selected.

Immunohistological analysis of samples from pancreatic 
cancer patients. A consecutive cohort of 77 histopathologi-
cally confirmed pancreatic cancer patients who underwent 
surgical resection at Showa University Hospital in Tokyo, 
Japan, from January 1, 2008 to December 31, 2017 was included 
(Table I). Patients with no history of chemotherapy (GEM or 
GEM + nab‑PTX) were included. Archived formalin‑fixed, 
paraffin‑embedded (FFPE) tumor tissues from resected 
specimens from the cohort of patients were used. Histological 
classifications were based on the World Health Organization 
system. Tumor staging was performed per the criteria 

described in the UICC TNM classification (7th edition, 2009). 
The included patients had stage IIA or stage IIB disease, per 
the 7th edition of UICC. The study protocol was approved 
by the Ethics Committee of the Showa University School of 
Medicine (Tokyo, Japan; Approval no. 2611) and adhered to 
the principles of the Declaration of Helsinki.

Immunohistological analysis of pIgR expression in human 
pancreatic cancer tissues was performed using standard proto-
cols employing a Leica Bond system (Leica Microsystems 
GmbH). Briefly, heat‑mediated antigen retrieval in FFPE 
tissue sections (3‑µm thick) was performed in sodium citrate 
buffer (pH 9.0) for 20 min at 100˚ç. The sections were incu-
bated with an anti‑pIgR antibody (1:500 dilution; product 
code ab96196; Abcam) for 15 min at room temperature, and a 

Table I. Correlation between pIgR expression and clinicopathological features in 77 cases of pancreatic cancer.

	 pIgR expression
	 --------------------------------------------------------------------------------------
Characteristics	 Low n=47	 High n=30 	 P‑value

Age (years) (mean ± SD)	 72.4	 69.8	 0.339a

Sex			   0.0608b

  Male	 23	 14	
  Female	 24	 16	
Tumor location			   0.6588b

  Pancreatic head	 29	 20	
  Pancreatic body/tail	 18	 10	
Histological type			   0.1008b

  Adenocarcinoma	 43	 30	
  Others	 4	 0	
TNM (UICC 7th)			   0.3395b

  ⅡA	 14	 6	
  ⅡB	 33	 24	
Histological differentiation			   0.1638b

  G1	 16	 15	
  G2‑4	 31	 15	
Lymphatic invasion			   0.8813b

  ly0, ly1	 18	 12	
  ly2, ly3	 29	 18	
Venous invasion 			   0.0697b

  v0, v1	 3	 6	
  v2, v3	 44	 24	
Perineural invasion			   0.4773b

  ne01	 11	 5	
  ne23	 36	 25	
Resection margin			   0.0618b

  R0	 32	 19	
  R1‑2	 13	 10	
Adjuvant chemotherapy			   0.8645b

  Absent	 21	 14	
  Present	 26	 16	

aStudent's t‑test. bPearson Chi‑square test. pIgR, polymeric immunoglobulin receptor.
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Figure 1. Establishment of pancreatic cancer PDX lines. (A) Tumor growth curves for a representative pancreatic PDX line. When the tumor volume 
reached ~1,000 mm3, the mouse was sacrificed, and the tumor was isolated and transplanted into another mouse. (B) Preserved morphological characteristics 
in xenograft tumors in NSG mice. H&E staining of the primary tumors and subsequent generations of PDXs for two patients. The pathological diagnosis of 
the primary tumors was tubular adenocarcinoma. PDX, patient‑derived xenograft; H&E, hematoxylin and eosin.
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signal was detected using a horseradish peroxidase‑conjugated 
compact polymer system [HRP‑polymer secondary antibody; 
Goat Anti‑Rabbit IgG H&L (HRP polymer); product code 
ab214880; Abcam]. DAB was applied as the chromogen and 
incubated for 5 min at room temperature. The sections were 
counterstained with hematoxylin for 5 min at room tempera-
ture and viewed under a bright‑field microscope at an x100 
magnification.

The immunostained sections were reviewed and scored 
separately by two pancreas‑specialist pathologists who were 
blinded to the clinical parameters. pIgR expression in the 
tumor tissue was assessed by comparing the staining intensity 
with the percentage of immunoreactive cells. The staining 
intensity was graded based on the following criteria: 0, nega-
tive; 1, weak; 2, moderate; 3, strong (uncolored, light yellow, 
yellowish brown, and brown, respectively). The staining 
percentages were graded based on the proportion of positively 

stained tumor cells as 0, 1, 2, and 3 for 0%, 1‑25%, 26‑50%, and 
≥51% positive tumor cells. The pIgR staining was scored using 
the following formula: Overall score=positive percentage 
score x staining intensity score. The pIgR expression was 
evaluated based on the staining index (scored as 0, 1, 2, 3, 4, 6 
or 9). A score of 0 was designated as 0, >0 and ≤2 as 1, >2 and 
≤6 as 2, and >6 and ≤9 as 3. Tumor samples graded as level 0 
or 1 had low pIgR expression, whereas those graded as level 2 
or 3 had high pIgR expression. In addition, the percentage of 
pIgR‑stained area was quantified using the Hybrid Cell Count 
BZ‑X800 software (Keyence) (36).

For analysis of clinicopathological factors, an invasive 
factor was evaluated based on the pancreatic cancer classifica-
tion for further stratification, as recommended by the Japan 
Pancreas Society. Lymphatic invasion was graded depending 
on the degree of invasion: ly0, negative; ly1, weak; ly2, 
moderate; ly3, strong. Similarly, venous invasion was graded 

Figure 2. Tumor growth curves revealing the comparison of control and chemotherapy groups. PDX mice in the chemotherapy group were treated with 
GEM or GEM + nab‑PTX until the tumor volume was 1,500 mm3 or more. Although there were PDX lines with high and low chemo‑sensitivity, all became 
chemo‑resistant eventually, and an increase in the tumor volume was also observed in the chemotherapy group. PDX, patient‑derived xenograft; GEM, 
gemcitabine; nab‑PTX, nab‑paclitaxel.
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as v0, v1, v2 or v3, and perineural invasion was graded as 
ne0, ne1, ne2 or ne3. Evaluation of histological differentiation 
and resection margin was performed according to the 7th 
edition of UICC. Histological differentiation was graded per 
the following criteria: G1, well differentiated; G2, moderately 
differentiated; G3, poorly differentiated; G4, undifferenti-
ated. For the resection margin, the grading was performed 
as follows: R0, negative resection margins; R1, microscopic 
tumor infiltration; R2, macroscopic residual tumor.

Statistical analysis. Statistical significance was analyzed 
using JMP Pro 14.0 (SAS Institute Inc.). Associations between 
the IHC status of pIgR expression and various clinicopatho-
logical characteristics were evaluated using Student's t‑tests 
or Pearson chi‑square tests. Classification and regression tree 

analysis were used to assess the optimal prognostic cut‑off for 
pIgR expression in OS studies. OS was defined as the interval, 
in months, between the initial pancreatic resection surgery and 
either death or the last observation. Kaplan‑Meier analysis and 
the log‑rank test were applied for estimating the differences 
in OS depending on high or low pIgR expression. Univariate 
and multivariate analyses were based on the Cox proportional 
hazards regression model. All the tests were two‑sided, and 
results with P‑values <0.05 were considered to indicate a 
statistically significant difference.

Results

Identification of a chemoresistance‑related molecule. Ten 
pancreatic cancer PDX lines were established (Table SI). The 

Figure 3. Identification of chemotherapy resistance‑related molecules. (A and B) NGS analysis for the (A) GEM administration and (B) GEM + nab‑PTX 
administration groups. Treatment resistance score was defined as the NE value ratio (treated group/control group) x NE value difference (treated group‑control 
group). (C and D) The ratio of NE values for pIgR expression between the treated and control groups tended to be greater than 1.0 for most of the PDXs treated 
with (C) GEM or (D) GEM + nab‑paclitaxel. NGS, next‑generation sequencing; GEM, gemcitabine; nab‑PTX, nab‑paclitaxel; NE, normalized expression; 
pIgR, polymeric immunoglobulin receptor; PDX, patient‑derived xenografts.
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tumor growth curve for one representative line is presented 
in Fig. 1A. The tumor tissues of the PDX lines retained the 
pathological (Fig. 1B) and genetic (data not shown) features 
of the original pancreatic cancer tissues, even after repeated 
passages.

To identify the chemoresistance‑related molecules, the 
antitumor effects of the mono‑ or combination therapy in the 
PDX models were characterized in terms of tumor growth 
after the treatments (Fig. 2). Although antitumor effects were 
transiently observed in some cases in the treatment group, 
tumor growth was finally observed in all the lines.

The mRNA expression in tumor tissues was analyzed using 
NGS. We performed NGS of tumor tissues from PDXs before 
and after treatment with standard chemotherapy. The number 
of genes analyzed by RNA sequencing using NGS was 26732. 
Among them, there were 193 genes with FPKM values of 
10 or more and expression fold‑change ratios between the 
treatment group and control group of 3 or more (Table SII). 
Using the normalized expression (NE) values, the ratio of the 
control to treated PDX lines was calculated. For the mono‑ and 
combination therapies, genes with NE values greater than 10 
and NE ratios (treated group to control group) greater than 2 
were selected (Fig. 3A and B). The ratio of NE values for pIgR 
mRNA expression (Fig. 3C and D) between the treated and 
control groups was greater than 1 for most of the lines treated 
with GEM or GEM + nab‑PTX. This analysis revealed that 
the expression of pIgR mRNA was more increased in the PDX 
group that received chemotherapy than in untreated PDXs. 
These findings indicated that pIgR mRNA was expressed 
before the administration of anticancer drugs and may have 
been induced by chemotherapy. Moreover, the expression level 
of pIgR mRNA was higher in the treated group than in the 

control group, which may indicate that increased expression of 
pIgR mRNA was involved in chemoresistance.

Prognostic analysis from TCGA RNA database for pancreatic 
cancer. Additional analysis of pIgR expression and OS in 
171 pancreatic cancer samples from TCGA database revealed 
an association between survival and the mRNA level (Fig. 4). 
Pancreatic cancer patients (stages  I‑IV) were divided into 
high and low pIgR mRNA groups using 41 FPKM as the 
cut‑off value, and the prognosis of each group was examined. 
Patients in the high‑pIgR mRNA group exhibited significantly 
poorer survival rates than those in the low pIgR mRNA group 
(P=0.045). The five‑year survival rate was 42 and 21% for the 
low‑ and high‑pIgR mRNA groups. Thus, it was inferred that 
pIgR may be a putative prognostic biomarker of pancreatic 
cancer.

Immunohistological and prognostic analysis in pancreatic 
cancer patients. We corroborated our findings in the PDX 
model with the expression of pIgR in clinical specimens, 
the clinicopathological features of which are summarized 
in Table  I. Immunohistochemistry revealed that pIgR was 
strongly expressed on the tumor cells (Fig. 5A). The samples 
were divided into the high [39.0% (30/77)] and low [61.0% 
(47/77)] pIgR groups (Table I), as described in the Materials 
and methods section (Fig. 5B).

Furthermore, whether pIgR was useful for prognostic 
evaluation of pancreatic cancer was analyzed. Notably, 
there was no statistical difference in patient or pathological 
features, including age (P=0.34), sex (P=0.06), tumor 
location (head or body/tail, P=0.66), histological type 
(adenocarcinoma or others, P=0.10), TNM stage (IIA or IIB, 

Figure 4. Kaplan‑Meier plot summarizing the results from analysis of the associations between pIgR mRNA expression and patient survival in TCGA 
pancreatic cancer database (n=171). Red line, high expression (n=119); blue line, low expression (n=52). pIgR, polymeric immunoglobulin receptor; TCGA, 
The Cancer Genome Atlas. *Statistically significant.
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P=0.34), histological differentiation (P=0.16), lymphatic 
invasion (P=0.88), venous invasion (P=0.07), perineural 
invasion (P=0.48), resection margin (P=0.06), and adjuvant 
chemotherapy (P=0.86), due to the separation of patients into 
the two groups of high and low pIgR expression (Table I). 
Next, the association between the pIgR expression levels and 
patient survival was assessed using Kaplan‑Meier analysis 
with log‑rank tests. Among 77 pancreatic cancer patients, 
those with high pIgR expression had poorer survival rates 
than those with low pIgR expression (P=0.0323) (Fig. 5C). 
Furthermore, the percentage of pIgR‑stained area was 
analyzed using the Hybrid Cell Count software with respect 
to survival time and the expression of pIgR determined by 
two pathologists. The percentage of pIgR‑stained area was 
significantly associated with the expression of pIgR as deter-
mined by the pathologists (P<0.001) (Fig. S2A). In addition, 
higher percentages of pIgR‑stained area determined by the 
image analysis software were associated with shorter OS 
(r=‑0.3801, P=0.00065) (Fig. S2B).

Univariate analysis of OS revealed four prognostic 
parameters: Histological differentiation (P=0.0012), resec-
tion margin (P=0.0004), adjuvant chemotherapy (P<0.0001), 
and pIgR expression (P=0.0404). Multivariate analysis using 
Cox proportional hazards revealed that histological differen-
tiation (P=0.0004), resection margin (P=0.0004), adjuvant 
chemotherapy (P=0.0013), and pIgR expression (P=0.0045) 
were independent prognostic factors for poor outcome 
(Table II).

Discussion

Pancreatic cancer is characterized by late diagnosis, early 
metastasis, limited response to chemotherapy, and extremely 
poor prognosis (7,37,38), highlighting the need for novel prog-
nostic biomarkers and therapeutic targets. Using PDX lines, 
it was determined that pIgR mRNA was upregulated after 
treatment with anticancer drugs, indicating that pIgR may be 
associated with chemoresistance. It was also revealed that high 
pIgR expression was an independent prognostic factor for poor 
survival in pancreatic cancer patients. Analysis of TCGA data 
supported our findings at the RNA level in pancreatic cancer 
patients.

Various mouse tumor models and tumor cell lines have 
been used for predicting the efficacy and possible toxicities 
of anticancer drugs in cancer patients (31,39). However, the 
results of these studies do not necessarily reflect human clinical 
data (40), primarily due to the lack of a tumor microenviron-
ment in such cell and tumor models. Moreover, studies in mice 
are also not always translatable to human patients  (41,42). 
Therefore, better models, reflecting human clinical pathology, 
are required.

PDX lines of immunodeficient mice have emerged as 
relevant in vivo models for human tumors (43); they not only 
recapitulate the interactions with the host microenvironment 
but also reflect tumor heterogeneity, including cancer stem cells. 
In the present study the PDX lines were confirmed to retain 
most of the histological and genetic characteristics of their 

Figure 5. Relationship between pIgR expression and prognosis. (A) Immunohistochemical staining for pIgR in pancreatic cancer tissues (magnification, x100). 
The left and right images show the same sample tissue blocks and correspond to the staining intensity. Left, H&E staining; right, immunohistochemical 
staining for pIgR. (B) Criteria for determination of pIgR expression levels. The pIgR expression levels in immunostaining were determined based on the 
intensity of staining and percentage of stained cells. The staining intensity and staining percentage criteria are presented. (C) Kaplan‑Meier survival analysis in 
patients with pancreatic cancer (n=77, revealing OS based on the expression of pIgR protein. Red line, high‑expression group (n=47), blue line, low‑expression 
group (n=30). pIgR, polymeric immunoglobulin receptor; H&E, hematoxylin and eosin; OS, overall survival. *Statistically significant.
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donor tumors and remained stable after repeated passaging. In 
pancreatic cancer, it is often challenging to perform surgical 
resection or biopsy using endoscopic ultrasound/fine needle 
aspiration at diagnosis and to collect sufficient pancreatic 
tissue samples (44,45). Therefore, PDX models are optimal for 
research in pancreatic cancer pathology (46).

It was determined that an increased pIgR mRNA level 
was associated with chemoresistance. However, variations 
in mRNA expression do not always correspond to changes 
in protein expression owing to various post‑transcriptional 
protein modifications (47‑49). Thus, mRNA abundance can 
be a poor predictor of the protein levels. Analysis of colon 
and rectal tumor proteomics data in TCGA database showed 
that mRNA abundance did not reliably predict the differences 
in protein abundance between tumors (50). To confirm the 
correlation between the mRNA and protein levels of pIgR and 
the relationship between pIgR protein and clinicopathological 
factors, pIgR protein expression was evaluated in tissues from 
77 pancreatic cancer patients. It was revealed that high pIgR 
expression was an independent prognostic factor for survival 
in pancreatic cancer patients.

Few studies have investigated the role of pIgR in cancers, 
especially in pancreatic cancer. Improved survival of patients 
with low pIgR expression and low in  vitro and ex  vivo 

stromal activity was observed using data from 88 pancre-
atic ductal adenocarcinoma patient samples; however, 
pIgR expression alone had no statistically significant effect 
on the survival  (51). The present data revealed statistical 
significance for pIgR expression. Low pIgR expression in 
pancreatic adenocarcinoma was significantly associated with 
progressive disease, a shorter time to recurrence, and death 
within five years (52); however, our results stand in contrast 
with these, possibly because the target patient population was 
different, with the patient cohort in the previous study having 
intestinal as well as pancreatobiliary type adenocarcinoma. 
Moreover, differences in surgical procedures and different 
types of anticancer drugs may have led to contrasting results. 
Further investigations are required to determine the rela-
tionship between pIgR expression and its role in pancreatic 
cancer patients.

A limitation of the present study was the subjective assess-
ment of IHC staining. Because a single analytical method for 
IHC has not been established, expression analysis of pIgR in 
the tumor tissues was performed using previously reported 
methods (53‑55). To decrease subjectivity, the use of image 
analysis software is an option (56). However, the specificity 
and sensitivity of automated software remain unclear (57), 
and therefore, a semiquantitative assessment strategy was 

Table II. Univariate and multivariate analyses of prognostic factor for overall survival in 77 pancreatic cancer patients.

	 Univariate analysis		  Multivariate analysis
	 ------------------------------------------------------------------------------	 ------------------------------------------------------------------------------
Clinicopathological factors	 HR	 95% CI	 P‑valuea	 HR 	 95% CI 	 P‑valuea

Age(years)
  (≦71 vs. >71) 	 1.03	 0.54‑1.92	 0.9214	 　	‑	‑	‑  
Sex
  (male vs. female)	 0.57	 0.30‑1.06	 0.076		‑	‑	‑   
TNM stage UICC 7th
  (IIA vs. IIB)	 0.59	 0.26‑1.21	 0.1575		‑	‑	‑   
Tumor location 
  (body/tail vs. head)	 0.65	 0.33‑1.22	 0.1861		‑	‑	‑   
Histological differentiation
  (G1 vs. G2, G3, G4)	 0.34	 0.16‑0.66	 0.0012b	 	 0.26	 0.11‑0.56	 0.0004b

Lymphatic invasion
  (ly0, ly1 vs. ly2, ly3)	 0.71	 0.37‑1.31	 0.2754		‑	‑	‑   
Venous invasion
  (v0, v1 vs. v2, v3)	 0.94	 0.35‑2.09	 0.8849		‑	‑	‑   
Perineural invasion
  (ne0, ne1 vs. ne2, ne3)	 0.62	 0.27‑1.29	 0.2108		‑	‑	‑   
Resection margin
  (R0 vs. R1, R2)	 0.36	 0.22‑0.63	 0.0004b	 	 0.28	 0.14‑0.56	 0.0004b

Adjuvant chemotherapy
  (present vs. absent)	 0.26	 0.13‑0.50	 <0.0001b	 	 0.34	 0.17‑0.71	 0.0013b

pIgR
  (low vs. high)	 0.56	 0.27‑0.97	 0.0404b	 	 0.35	 0.17‑0.71	 0.0045b

aCox proportional hazard model. bStatistically significant. 95% CI, 95% confidence interval; pIgR, polymeric immunoglobulin receptor.
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deemed more appropriate. In addition, none of the patients 
had received neoadjuvant chemotherapy before surgical resec-
tion. The inclusion of specimens obtained after neoadjuvant 
chemotherapy would have been ideal to compare tissues 
with and without chemotherapy. However, only chemo‑naïve 
patients were included in this study because neoadjuvant 
chemotherapy is not yet permitted in Japan. Third, for survival 
analysis using TCGA RNA database, the optimal expression 
cut‑off that yielded the maximal difference between the two 
groups with regard to survival at the lowest log‑rank P‑value 
was selected; nonetheless, this cut‑off may not be suitable for 
other patient groups.

In summary, in the present study it was revealed that the 
pIgR mRNA level was associated with chemoresistance, and 
that high expression of pIgR protein was significantly associ-
ated with poor prognosis of pancreatic cancer patients. Thus, 
pIgR may be a novel predictor of poor prognosis of pancreatic 
cancer patients after surgical resection and a promising candi-
date for targeted therapy of pancreatic cancer.
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