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PALB2 upregulation is associated with a poor
prognosis in pancreatic ductal adenocarcinoma

OUYANG GE!*, ANLE HUANG?", XIN WANG’, YULING CHEN*’, YUANCHUN YE®’ and LUTZ SCHOMBURG'

"nstitute for Experimental Endocrinology, Charité-Universititsmedizin Berlin, Corporate Member of Freie Universitét Berlin,
Humboldt-Universitéit zu Berlin and Berlin Institute of Health, D-13353 Berlin, Germany; 2Department of
Gastrointestinal Surgery, Xiamen Cancer Hospital, The First Affiliated Hospital of Xiamen University, Xiamen, Fujian 361003,

PR. China; *Medical Department for Hematology and Oncology, Klinikum rechts der Isar, Technische University Munich,

D-81675 Munich; 4Depau“[rnent of Rheumatology and Clinical Immunology, Charité-Universitdtsmedizin Berlin,

Corporate Member of Freie Universitidt Berlin, Humboldt-Universitit zu Berlin, and Berlin Institute of Health;

German Rheumatism Research Centre Berlin, Leibniz Institute, D-10117 Berlin, Germany; 6Department of Gastroenterology,
Quanzhou First Hospital Affiliated to Fujian Medical University, Quanzhou, Fujian 362000, P.R. China; 7Department of
Hematology and Oncology, Benjamin Franklin Campus, Charité-Universitidtsmedizin Berlin, Corporate Member of

Freie Universitdt Berlin, Humboldt-Universitit zu Berlin and Berlin Institute of Health, D-12203 Berlin, Germany

Received July 16, 2020; Accepted December 10, 2020

DOI: 10.3892/01.2021.12485

Abstract. During DNA repair, BRCA1 and BRCA?2 interact
with the tumor suppressor partner and localizer of BRCA2
(PALB2). PALB2 mutations are associated with an increased
risk of breast and ovarian carcinoma, and upregulated PALB2
expression is associated with poor clinical outcomes. The
present study investigated the role and prognostic value of
PALB?2 in pancreatic ductal adenocarcinoma (PDAC). PALB2
expression was inhibited using a small interfering RNA in
PDAC cell lines, and the subsequent effects on cell prolif-
eration and migration were investigated. Tissue microarrays
from 157 patients undergoing a pancreaticoduodenectomy
for PDAC were analyzed via immunohistochemistry, and
PALB2 expression was compared with patient outcomes using
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Kaplan-Meier curves and the multivariate Cox regression
model. PALB2-knockdown in PDAC cells had little effect on
cell proliferation, but significantly decreased cell migration.
Relatively high PALB2 expression was observed in PDAC
tissues compared with in peritumoral tissues. Overall survival
(OS) was negatively associated with PALB2 expression. TNM
stage and PALB2 expression were identified as independent
prognostic factors associated with OS via multivariate
analysis. Overall, the present study demonstrated that PDAC
cell migration was dependent on PALB2, which was further
supported by the finding that elevated PALB2 expression in
PDAC tissues was associated with poor survival in patients
with PDAC. Therefore, PALB2 may serve as a novel prog-
nostic marker in PDAC, which may aid with the development
of therapeutic strategies for the disease.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a highly aggres-
sive malignancy with an overall 5-year survival rate of ~9% (1).
Globally, PDAC-associated deaths are predicted to increase
by 0.5% in 2030 (2). Due to the lack of specific symptoms
for early diagnosis and a tendency to metastasize quickly, the
majority of patients present with late stage PDAC at diag-
nosis (3). Consequently, even after pancreaticoduodenectomy,
the 5-year survival rate remains <20% (3). Additional diag-
nostic and prognostic markers are required to improve early
detection, the assessment of disease activity and prognosis,
and therapeutic decisions and monitoring, as well as for the
development of novel treatment strategies.

Numerous biomarkers have been identified and developed
to improve the early diagnosis of PDAC (4). Among the genetic
factors, BRCA1 and BRCA?2 are two well-characterized
tumor suppressor genes implicated in gene transcription and
DNA repair (5). Gene mutations in BRCA1 and BRCA2 are



2 GE et al: PALB2 UPREGULATION IS ASSOCIATED WITH A POOR PROGNOSIS IN PDAC

associated with breast, ovarian, colorectal and prostate cancer,
and genetic variants in these genes have also been associated
with the risk of PDAC (6,7).

Partner and localizer of BRCA2 (PALB2) was first identi-
fied as a protein that co-localized with BRCA2 in the nucleus;
PALB?2 serves as a linker between BRCA1 and BRCA2 in the
repair of DNA breaks (8). Mutations in PALB?2 are responsible
for Fanconi anemia complementation group N and are associ-
ated with childhood cancers, such as solid tumors of the kidney
(Wilms' tumor), medulloblastoma and neuroblastoma (9,10).
Additionally, single nucleotide polymorphisms in the PALB2
gene have been associated with the risk of breast cancer (11,12).
The association among hereditary mutations in PALB2,
PDAC risk and incidence rates exhibits population-specific
characteristics (13-16). Compared with no or mild mutations
(replacement of a single amino acid with a structurally related
one), inactivating mutations in BRCA1, BRCA2 or PALB2
confer a more favorable prognosis in patients with PDAC (17),
potentially due to higher genomic instability and an improved
response to platinum-based chemotherapy (18-20). In addition,
carbohydrate antigen 19-9 displays some prognostic value,
but standardized predictive biomarkers to assess treatment
success have not yet been identified (21).

The mRNA and protein expression levels of PALB2, as
well as the role of PALB2 in PDAC tissues and its potential
prognostic value, are not completely understood. Therefore,
the present study investigated PALB2 expression in human
PDAC cell lines and PDAC tumor and peritumoral tissue
sections. Moreover, the association between PALB2 expres-
sion and disease characteristics or patient survival was further
assessed in the present study.

Materials and methods

Patients and sample collection. Human PDAC tissue micro-
arrays, as well as human breast and gastric cancer tissue
microarrays (including 15 surgically resected breast/gastric
tumor tissues), were obtained from Shanghai BioChip Co.,
Ltd. PDAC tissue microarray chips contained 157 tumor tissue
samples (Table I) and 121 peritumoral tissues, which were
free of signs of malignant transformation and distant from
the tumor. The information on patient survival ranged from
1.2 to 7.0 years. TNM staging (7th edition) and American
Joint Committee on Cancer staging data (7th edition) (22)
were available for the majority of PDAC samples (the data
were not available for 23 samples). Expression levels of
tumor-associated markers, including Ki-67, p53, CD8 and
programmed death ligand 1 (PDLI1), were obtained from
the database of the pathology department of the National
Engineering Center of Shanghai BioChip Co., Ltd. All patients
with PDAC were diagnosed by positive histology of invasive
ductal carcinoma. Overall survival (OS) was calculated as
the time interval between the date of surgery and the date of
death or last follow-up visit. Not all deceased subjects were
subjected to pathological analysis, and therefore the rate of
PDAC-associated death is unknown.

Public data resource analysis. The level 3 information
(aggregated, normalized and/or segmented data) of The
Cancer Genome Atlas (TCGA, https://portal.gdc.cancer.gov/)

containingpancreaticadenocarcinomadatasetsof 178 individual
tumors were downloaded for expression analysis (survival data
were available for 177 patients). The Root Mean Squared Error
normalized mRNA count (‘count’), which represents PALB2
gene expression, was evaluated. For Gene Set Enrichment
Analysis (GSEA), the latest official tool was downloaded
from software.broadinstitute.org/gsea (version 3.0). The cBio
Cancer Genomics Portal (cbioportal.org) was used to analyze
PALB2 mRNA expression across different types of human
cancer, based on TCGA public database.

Immunohistochemistry (IHC) and evaluation of
immunostaining. Thin slices (4-ym-thick sections) from 10%
formalin-fixed (24 h at room temperature), paraffin-embedded
tissue specimens were used. The sections were deparaf-
finized in xylene and rehydrated in a descending alcohol
series (100, 95, 90, 75 and 70%), using routine procedures.
Antigen retrieval was achieved by digesting the sections with
proteinase K (0.2 mg/ml at 37°C for 10 min) before THC,
followed by repeated washing steps and blocking with 3%
H,O0, for 30 min at room temperature. Sections were incu-
bated with a rabbit polyclonal anti-PALB2 antibody (1:2,000;
cat. no. ab202970; Abcam) for 12 h at 4°C and then with an
HRP-conjugated anti-rabbit secondary antibody (1:5,000;
cat. no. P044801; Dako; Agilent Technologies, Inc.) for 30 min
at room temperature. Tissue microarray slides were scanned
using a Leica Aperio digital slide scanner (Leica Microsystems
GmbH). Tumor cells displaying staining in the nucleus were
categorized as positively stained. The percentage of PALB2*
tumor cells was calculated as the ratio of stained to unstained
tumor cells. The percentages of positive cells were classified
into five scores: 0, 0%; 1, 1-5%; 2, 6-30%; 3, 31-60%; and 4,
61-100% positively stained cells. The scoring of each tissue
section was conducted independently by two pathologists. In
cases of inconsistent results (~15% of samples), the patholo-
gists re-evaluated the sample in question together to achieve a
consensus. Tissue sections with scores 0-1 were considered as
low expression, whereas scores of 2-4 were considered as high
expression. According to the information from TCGA, gastric
cancer tissues are known to express low PALB2 protein levels,
while breast cancer tissues are known for high PALB2 expres-
sion; therefore, the reliability of staining with the commercial
PALB2 antibody was tested in a gastric cancer tissue as a nega-
tive control, and a breast cancer tissue as a positive control.

Cell lines, cell culture and small interfering (siRNA. SW1990,
PANCI and CFPACI cell lines were purchased from The Cell
Bank of Type Culture Collection of the Chinese Academy
of Sciences. SW1990, PANCI1 and CFPACI cells were
maintained at 37°C with 5% CO, and cultured in DMEM
supplemented with 10% FBS (both Gibco; Thermo Fisher
Scientific, Inc.). A siRNA targeting PALB2 (si-PALB2) and
a scrambled negative control siRNA (si-NC) were purchased
from Santa Cruz Biotechnology, Inc. (cat. nos. sc-93396
and sc-37007). Transfection was performed using standard
protocols of Lipofectamine® 3000 (Invitrogen; Thermo Fisher
Scientific, Inc.). Lipofectamine 3000 reagent and siRNAs were
diluted separately with OPTI-MEM (Gibco; Thermo Fisher
Scientific, Inc.) in a centrifuge tube, then Lipofectamine 3000
and siRNAs were mixed and incubated for 15 min at room
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Table I. Clinicopathological characteristics of patients with PDAC (n=157) and PALB2 protein expression in PDAC tissues.

Features PALB2 negative, n=93 PALB2 positive, n=64 P-value
Mean age + SD, years 64.1+11.0 62.6+10.1 0.3851
Age range, years 41-85 34-81
Sex, n (%) 0.9325
Male 56 (58.3) 40 (41.7)
Female 36 (59.0) 25 (41.0)
T stage, n (%)* 0.0554
T1-T2 55 (66.7) 27 (33.3)
T3 26 (50.0) 26 (50.0)
N stage, n (%)" 0.4895
NO 47 (63.5) 27 (36.5)
N1 34 (57.6) 25 (42.4)
AJCC,n (%)* 0.3948
I 28 (68.2) 13 (31.8)
ITA 18 (58.1) 13 (41.9)
1IB 33 (60.0) 22 (40.0)
v 2 (33.3) 4(66.7)
Tumor location 0.6776
Head 54 (57.6) 39 (42.4)
Body/Tail 39 (60.9) 25 (39.1)
Ki-67 expression, n° 03718
Positive 47 (75.8) 15(24.2)
Negative 18 (66.7) 9(33.3)
P53 expression, n° 0.1810
Positive 48 (69.5) 21 (30.5)
Negative 17 (85.0) 3(15.0)
PDL1 expression, n° 0.1795
Positive 19 (48.7) 20 (51.3)
Negative 5(294) 12 (70.6)
CDS8 expression, n° 0.8460
Positive 19 (42.2) 26 (57.8)
Negative 5(@45.5) 6 (54.5)

n=134.n=89. °n=56. T, primary tumor site; N, regional lymph node involvement; PDAC, pancreatic ductal adenocarcinoma; PALB2, partner
and localizer of BRCA2; PDL1, programmed death ligand 1; AJCC, American Joint Committee on Cancer.

temperature. Subsequently, DNA-lipid complex was added to
the cells and incubated for 48 h at 37°C. The transfected cells
were used for subsequent experiments.

Cell proliferation and migration via wound healing assay.
Cell proliferation was assessed by performing the Cell
Counting Kit-8 assay (Dojindo Molecular Technologies, Inc.).
Briefly, cells were seeded into 96-well plates. After 0, 24 or
48 h, the number of viable cells was quantified after incubation
with the CCK-solution for 2 h by measuring the optical density
at a wavelength of 450 nm using a microplate reader. For the
wound healing assay, cells were seeded into 6-well plates and
transfected with si-PALB2 or si-NC. At 24 h post-transfection,
a scratch wound was made in the confluent cell monolayer
using a 200-u1 pipette tip. Cells were cultured in serum-free

medium. The wound was observed at 0 and 48 h with a
light microscope (x100 magnification) after scratching. Cell
migration area was measured using ImagelJ (v1.52q; National
Institutes of Health).

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA from cells was isolated using TRIzol® (Invitrogen;
Thermo Fisher Scientific, Inc.). Total RNA (1 ug) was reverse
transcribed into cDNA using a ReverTra Ace qPCR RT
kit (Toyobo Life Science) according to the manufacturer's
protocol. Subsequently, qPCR was performed using SYBR
Green Gene Expression Assays (Applied Biosystems; Thermo
Fisher Scientific, Inc.) and an AB7500 Real-Time PCR
System (Applied Biosystems; Thermo Fisher Scientific, Inc.).
Thermocycling conditions included denaturation at 95°C for
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15 sec, followed by annealing at 60°C for 10 sec and elongation
at 72°C for 20 sec, for 40 cycles. The following primers were
used for qPCR: Snail family transcriptional repressor 1 (Snail)
forward, 5'-ACCACTATGCCGCGCTCTT-3' and reverse,
5-GGTCGTAGGGCTGCTGGAA-3'; snail family transcrip-
tional repressor 2 (Slug) forward, 5-ATGAGGAATCTGGCT
GCTGT-3' and reverse, 5-CAGGAGAAAATGCCTTTG
GA-3'; zinc finger E-box binding homeobox 1 (Zebl) forward,
5'-GCACCTGAAGAGGACCAGAG-3' and reverse, 5-TGC
ATCTGGTGTTCCATTTT-3"; Vimentin forward, 5'-GAC
GCCATCAACACCGAGTT-3" and reverse, 5'-CTTTGTCGT
TGGTTAGCTGGT-3"; and GAPDH forward, 5'-ACCACA
GTCCATGCCATCAC-3' and reverse, 5"TCCACCACCCTG
TTGCTGTA-3". mRNA expression levels were quantified
using the 2244 method (23) and normalized to the internal
reference gene GAPDH.

Western blotting. Total protein was extracted from pancreatic
cancer cell lines using RIPA lysis buffer (cat. no. 89900;
Thermo Fisher Scientific, Inc.). Protein concentration was
measured using BCA kit and western blotting was performed
according to standard protocols. Briefly, 30 ug protein/lane
was separated via 8% SDS-PAGE and transferred to a PVDF
membrane. The membrane was blocked with 5% BSA
(cat. no. 9998; Cell Signaling Technology, Inc.) for 2 h at
room temperature. Subsequently, the membrane was incu-
bated with the following primary antibodies: Anti-PALB2
(1:1,000; cat. no. ab202970; Abcam) and anti-B-actin (1:2,000;
cat. no. sc-130656; Santa Cruz Biotechnology, Inc.) for 12 h
at 4°C. A mouse anti-rabbit IlgG HRP-conjugated secondary
antibody (1:2,000; cat. no. sc-2357; Santa Cruz Biotechnology,
Inc.) was used and the membrane was incubated for 30 min
at room temperature. TBS-Tween (0.5% Tween) was used for
membrane washing, and an ECL kit (Bio-Rad Laboratories,
Inc.) was used for visualization. Protein expression levels
were semi-quantified using ImageJ software v1.52q (National
Institutes of Health) with -actin as the loading control.

Statistical analysis. Statistical analyses were performed using
GraphPad Prism (v8.0; GraphPad Software, Inc.) or SPSS
(v24.0; IBM Corp.) softwares. Continuous variables were
compared using the unpaired Student's t-test or Mann-Whitney
U test. The %* test was used to analyze the distribution of
categorical variables between PALB2" and PALB2* groups.
OS was plotted as a Kaplan-Meier survival curve with 95%
CIs, and differences between subgroups were compared using
log-rank tests. Cox regression analysis was performed to iden-
tify independent prognostic factors. P<0.05 was considered to
indicate a statistically significant difference.

Results

PALB2 IHC. To establish the ITHC method and test whether the
selected antibody selected was capable of yielding congruent
data in agreement with current knowledge, stomach and breast
carcinoma tissues were measured for PALB2 expression as
negative and positive controls, respectively. Weak staining
signals were observed for the negative control stomach cancer
tissue (Fig. S1; upper panels), while strong staining signals
were observed for the positive control breast carcinoma tissues

7 SChSa % f;_. Staining scale 0%
; Sl (D (score 0)

Staining scale 5%
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oA Staining scale 90%
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Figure 1. Immunohistochemistry for PALB2 expression. (A) PALB2 staining
was stronger in pancreatic ductal adenocarcinoma tissues compared with in
para-tumoral normal tissues (magnification, x400). (B) PALB2 expression
was scored 0-4 according to the percentage of positively stained nuclei.
Representative images of each score are shown, along with magnified tissue
areas (magnification, x80 and 400, respectively). PALB2, partner and local-
izer of BRCA2.

(Fig. S1; lower panels). The results supported the suitability of
the antibody and the THC protocol, and the staining pattern
was consistent with the results obtained using the public
TCGA database.

PALB?2 expression in PDAC tissues. Subsequently, PALB2
expression in PDAC samples was analyzed using character-
ized tissue samples arranged in an array format. The staining
patterns were evaluated by two independent pathologists and
a consensus was reached on the resulting data. The number
of PALB2" samples was slightly higher compared with that
of PALB2* samples within the array of 157 tumor samples
analyzed (Table I). In PALB2* samples, compared with in the
para-tumor normal tissues, staining was stronger in PDAC
tissues (Fig. 1A). PALB2* cell nuclei in PDAC samples and
peritumoral tissues were identified and counted in relation to
unlabeled cells. Overall, the positive rates for PALB2 were
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Figure 2. Association between PALB2 expression and the classical markers
p53 and Ki-67, as well as the cancer immune markers PDL1 and CDS.
(A) Relative number of PALB2 positively stained cells was significantly
higher in the carcinoma tissues compared with in peritumoral tissues. There
was no association between the expression levels of (B) p53 or (C) Ki-67 and
PALB2. There was no association between the expression levels of (D) CD8 or
(E) PDLI and PALB2. The groups were compared using the non-parametric
Mann Whitney U test. ““P<0.0001. ns, not significant; PDL1, programmed
death ligand 1; PALB2, partner and localizer of BRCA2.

24.8% in para-tumor healthy tissues and 40.8% in PDAC
tissues. The distribution of the samples with respect to the IHC
score of 0-4 for the PDAC and peritumor tissue samples are
presented in Table SI. Representative images of PALB2 THC
labeling for each score are shown in Fig. 1B.

Association between PALB2 and classical cancer markers.
To assess whether PALB2 expression was associated with
classical cancer markers, the expression pattern of PALB2
expression in tumor and peritumoral tissues was assessed.
The results indicated that PALB2 expression was significantly
lower in peritumoral tissues compared with in PDAC tissues
(Fig. 2A). A direct comparison of Ki-67, p53, CD8 and PDL1
staining patterns in tissues with positive or negative PALB2
expression indicated no significant differences, suggesting
that the expression levels of Ki-67, p53, CD8 and PDLI were
independent from PALB2 expression (Fig. 2B-E),

Association of PALB2 and other parameters with OS in
patients with PDAC. The association between patient clinical
characteristics, including tumor PALB2 expression, and OS
was analyzed in 157 patients. Multivariate and univariate Cox
proportional hazard regression analyses identified that N stage,
age and PALB2 expression were significantly associated with
OS in patients with PDAC (Table II). Kaplan-Meier analysis
revealed that patients with positive PALB2 expression had a
poorer OS rate compared with patients with negative PALB2
expression (P=0.0384; Fig. 3A). Furthermore, patients were
divided into two groups: Low PALB2 expression (positive
rate <5%; n=119) and high PALB2 expression (positive rate

>5%; n=38). Kaplan-Meier curves demonstrated a significant
negative association between high PALB2 expression and OS
(P=0.0195; Fig. 3B). Therefore, high PALB2 expression may
indicate a poor prognosis in patients with surgically resectable
PDAC. By contrast, co-expression of p53 and PALB2 was not
significantly associated with survival (P=0.1260; Fig. 3C),
whereas co-expression of PALB2 and Ki-67 indicated a poor
prognosis in patients with PDAC (P=0.0415; Fig. 3D). In addi-
tion, co-expression of PALB2 and the cancer immune markers
CDS8 and PDLI1 were not associated with survival (P=0.1497,
Fig. 3E and P=0.5971; Fig. 3F).

Relative PALB2 gene expression across different types of
cancer. To investigate the spectrum of cancers associated with
PALB?2 expression on a larger scale, TCGA public database
was analyzed. The mRNA expression levels of PALB?2 in each
type of cancer compared with their respective para-tumor
tissues were presented in the log scale format (Fig. 4A). Most
types of cancer in the database displayed upregulated PALB2
mRNA expression, including breast, cervical and pancreatic
cancer, which is consistent with the detection of PALB2
protein expression in the present study. The 177 patients with
PDAC from TCGA database were divided into two groups:
Relatively high PALB2 expression group (n=88) and relatively
low PALB2 expression group (n=89). The Kaplan-Meier curves
demonstrated a significant negative association between high
PALB?2 expression and long-term survival rate (P<0.001;
Fig. 4B). Multivariate Cox regression analysis were conducted
on the PALB2 mRNA expression data extracted from TCGA
database (Table II). The multivariate analysis identified tumor
location, N stage and PALB2 mRNA expression as tumor
parameters with a significant association with OS (Table II).
The summary of clinicopathological information of patients
with PDAC from TCGA database are shown in Table SII.

Functional analysis of PALB2 in PDAC cells in vitro. To
investigate the potential biological role of PALB2 in PDAC,
PALB?2 expression was knocked down using a siRNA in
PDAC cells. The western blotting results indicated successful
PALB2-knockdown by si-PALB2 compared with si-NC in
SW1990 PDAC cells (Fig. 5A). Cell proliferation assays indi-
cated similar proliferation rates in SW1990 cells regardless
of PALB2-knockdown (Fig. 5B). Migration was assessed by
performing wound healing experiments. Cell migration area
was measured using ImageJ software. The results indicated
that PALB2-knockdown inhibited PDAC cell migration
depending on cell line. Migration was significantly decreased
by PALB2-knockdown in SW1990 cells and CFPACI cells,
but it was independent of PALB2 expression in PANCI cells.
(Figs. 5C and S2). Additionally, PALB2-knockdown signifi-
cantly decreased the cell proliferation rate of CFPACI cells,
but had no effect on PANCI cells (Fig. S2).

Identification of biological signaling pathways associated
with PALB2 expression. To identify biological signaling
pathways associated with PALB2 expression, a GSEA was
conducted on TCGA gene expression datasets from patients
with different levels of PALB2 mRNA expression. Among the
189 available datasets, the top and bottom 20 datasets were
selected. The most significantly enriched signaling pathways
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Table II. Multivariate Cox regression analyses of the overall survival of 157 patients with PDAC and PDAC samples represented

in the TCGA database (May 2019).

A, Patients with PDAC (n=157)

Multivariate analysis

Univariate analysis

Factors HR (95% CI) P-value HR (95% CI) P-value
Sex (Male/Female) 1.375(0.913-2.071) 0.128 1.182 (0.816-1.712) 0.377
Age (=64/<64 years) 0.645 (0.423-0.982) 0.041* 0.773 (0.541-1.106) 0.159
Tumor location (head and body/tail) 1.129 (0.731-1.744) 0.584 1.172 (0.813-1.689) 0.395
T classification(T1 and 2/T3) 1.097 (0.722-1.665) 0.665 1.077 (0.730-1.589) 0.708
N classification (NO/N1) 2.267 (1.480-3.472) <0.001* 1.720 (1.182-2.504) 0.005*
PALB?2 (high/low expression) 1.789 (1.142-2.803) 0.011* 1.598 (1.068-2.389) 0.022*
B, TCGA PDAC samples (n=177)

Multivariate analysis Univariate analysis
Factors HR (95% CI) P-value HR (95% CI) P-value
Sex (Male/Female) 0.963 (0.548-1.693) 0.896 0.868 (0.577-1.306) 0.497
Age (=65/<65 years) 1.005 (0.549-1.841) 0.986 1.084 (0.698-1.684) 0.720
Tumor location (head and body/tail) 1.970 (1.083-3.585) 0.026* 2.108 (1.170-3.801) 0.013*
T classification (T1 and 2/T3 and 4) 1.032 (0.508-2.097) 0.930 2.052 (1.088-3.870) 0.026*
N classification (NO/N1) 1.894 (1.109-3.234) 0.019* 2.048 (1.243-3.374) 0.005*
PALB?2 (high/low expression) 1.980 (1.245-3.249) 0.004* 1.996 (1.302-3.060) 0.002*

*P<0.05. T, primary tumor site; N, regional lymph node involvement; TCGA, The Cancer Genome Atlas; PDAC, pancreatic ductal adenocar-

cinoma; HR, hazard ratio.

were selected based on the normalized enrichment scores.
The results indicated that samples with relatively high PALB2
mRNA expression were enriched for genes associated with
the ‘epithelial mesenchymal transition’ (EMT) signaling
pathway, along with genes involved in the TNF-a, TGF-f,
p53, NOTCH and mTORCI signaling pathways (Fig. 5D).
To further validate the GSEA results, the expression levels
of characteristic EMT-associated genes were quantified
via RT-qPCR in PALB2-knockdown PDAC cells in vitro.
SW1990 cells displayed PALB2-dependent migration effects.
PALB2-knockdown significantly decreased Slug, Zebl and
vimentin gene expression, but induced a small but non-signifi-
cant increase on Snail expression. (Fig. 5E).

Discussion

In the present study, PALB2 expression in PDAC and
peritumoral tissue samples was analyzed, and the effect of
PALB2 on PDAC cell proliferation and migration in vitro
was assessed. PALB2 protein expression was increased in
tumor tissues compared with surrounding healthy tissues,
and PALB2 mRNA expression levels were relatively high in
PDAC compared with in other types of cancer. Upregulated
PALB2 expression was not observed in stomach cancer in
TCGA database and in the present IHC analysis. In PDAC,
high mRNA and protein expression levels of PALB2 were

negatively associated with OS, suggesting a potential positive
effect of PALB2 on tumor cell migration and EMT signaling
pathway-associated genes. The results suggested that elevated
PALB2 expression may represent a diagnostic and prognostic
marker in PDAC. Furthermore, N classification and age were
significantly associated with OS in patients with PDAC;
therefore, PALB2 expression, N classification and age may
be combined to obtain a reliable marker for mortality risk.
As PDAC is a rising and leading cause of cancer-associated
mortality, additional markers are required to improve early
and specific diagnosis of PDAC, and to aid with the develop-
ment of treatment strategies (24).

The molecular mechanisms underlying the role of
PALB?2 in tumorigenesis are not completely understood (25).
PALB2 co-localizes with BRCA1 and BRCA2, and contrib-
utes to error-free homologous recombination repair (26).
Dysfunctions in BRCA1 and BRCA2 promote carcinogen-
esis (27). Upregulated BRCA2 expression predicts a poor
prognosis in patients with breast carcinoma (28). Similarly,
elevated PALB2 expression is associated with poor clinical
outcomes in patients with advanced breast carcinoma (29).
However, independent research has indicated no association
between PALB2 expression and breast cancer prognosis (30),
and therefore additional studies are required to clarify this
interaction. PALB2 mutations are frequently described for
some types of tumor, such as lung (31), breast and ovarian
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cancer (32). PALB2 mutations have been reported to predis-
pose men and women to breast cancer (33), with the highest
risk resulting from protein truncation mutations (34).
Missense polymorphisms in BRCA1 exert a moderate
effect on the prognosis of patients with PDAC (35). Certain
mutations in other BRCA signaling pathway genes predict an
improved prognosis in patients with PDAC (17). Germline
truncating mutations in PALB2 have been detected in patients
with PDAC, indicating that PALB2 may serve as a potential

susceptibility gene for pancreatic tumorigenesis (36). Another
study suggested that truncating mutations of PALB2 may
predispose individuals to breast carcinoma, as well as pancre-
atic carcinoma (37). Although the association between PALB2
and tumorigenesis has been reported, the relative importance
of PALB2 dysregulation for the course of the disease, mortality
risk and tumor cell characteristics are not completely under-
stood. The identified role of PALB2 in PDAC cell migration
is consistent with the inverse association between PALB2
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expression and OS observed in the present study. Therefore, it
may be hypothesized that elevated PALB2 expression may be
consistent with improved protection against DNA damage and
low mutation rates in tumor cells as part of the BRCA-complex
without conferring an increased risk of cancer-associated
mortality. However, the aforementioned hypothesis was not in
accordance with the present data, and it remains to be analyzed
whether metastases are characterized by particularly high
PALB?2 expression supporting migration, and relatively low
mutation rates compared with primary PDAC cells, potentially
suggesting new therapeutic approaches for PDAC treatment
and metastasis control (38). Furthermore, the integrity of the
PALB2 gene, and whether overexpressed PALB2 is functional
or mutated, requires further investigation.

The results of the present study indicated the potential
prognostic significance of PALB2 expression in PDAC. The
Kaplan-Meier analysis identified a strong association between
PALB2 expression and poor OS. PALB2 expression was inde-
pendent from other clinicopathological parameters, including
Ki-67, p53, CD8 and PDLI1 expression. Therefore, the results
of the present study suggested that PALB2 may serve as an
independent prognostic factor of OS in patients with surgically
resectable PDAC and may be an additional biomarker to the
classical parameters of PDAC staging (39).

In the present study, the in vitro experiments demonstrated
that cell migration, but not cell proliferation, was altered by
PALB2-knockdown. The corresponding GSEA highlighted
several signaling pathways associated with PALB2, including
EMT, TNF-a, TGF-, p53, NOTCH and mTORCI1. As EMT
was the most prominent signaling pathway associated with

decreased OS, the expression levels of certain EMT genes in
PDAC cells were assessed. Consistent with the GSEA results,
PALB2-knockdown affected the expression levels of Slug,
Zebl and vimentin, which was also consistent with a previous
study (29). However, the extent to which the other significantly
associated signaling pathways contribute to the decreased
OS of patients with high PALB2 expression requires further
investigation. PALB2 mutations are frequently observed
in tumor metastases, as indicated by comparisons between
localized and metastasized breast and prostate cancer, respec-
tively (40,41). Therefore, comparing sequence and expression
level information on localized and metastasized PDAC should
be conducted in future studies to further identify the potential
functional role of PDAC.

In the present study, the association between PALB2
expression and OS was relatively strong. The present study
used a relatively large sample size to identify and charac-
terize the association between PALB2 expression and OS.
However, the present study had a number of limitations. For
example, as the study was a retrospective study, not all data
on patients with PDAC and their treatments were available.
Due to the observational type of the present study, mechanistic
explanation could not be drawn, and the potential impact of
varying expression levels of PALB2 on DNA damage was not
studied. Additional functional studies are required to elucidate
the biological role of elevated PALB2 protein expression in
tumor cells and to determine the effect of PALB2 on cell
proliferation, migration and tumor susceptibility to oncostatic
medication, especially in association with the integrity of
the gene. In conclusion, the present study demonstrated that
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PALB2 expression was increased in PDAC tissues, and an
association between high PALB2 mRNA or protein expression
and decreased OS was identified. The results suggested that
PALB2 may serve as an additional diagnostic marker and may
aid in predicting the risk of mortality in patients with PDAC.
Moreover, the present results may aid in the management of
patients in clinical practice and potentially in the development
of personalized treatment strategies.
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