
Abstract. Background/Aim: The role of histone
demethylators, such as Jumonji domain 2 (JMJD2/KDM4)
proteins, and histone deacetylases, such as sirtuins (SIRT)
is poorly characterized in pancreatic carcinomas while they
have a major role in the carcinogenesis of several other
tumours. Materials and Methods: We assessed
retrospectively with immunohistochemistry the expressions
of KDM4A, KDM4B and KDM4D in 81 and SIRT1-4 in 102
pancreatic adenocarcinomas. Immunostaining was
evaluated separately in benign pancreatic tissues and in
malignant cells. Results: High nuclear KDM4D expression
in benign pancreatic tissue from resection margins
associated with dismal disease-free survival (DFS)
(OR=8.00; 95%CI=1.87-33.9; p=0.005), even more
significantly than tumour size and lymph node involvement.
High cytoplasmic SIRT2 expression in benign pancreatic
tissues also associated with a shorter DFS, but only in
univariate analysis (p=0.026). Conclusion: Nuclear
KDM4D and SIRT2 expression deviated from that of benign
pancreatic tissue thus putatively influencing gene expression
of tumor cells. Regardless, none of the enzymes studied had
a decisive role in the spread of pancreatic cancer. A high
nuclear expression of KDM4D in samples of pancreatic
resection margins significantly and independently predicted
an earlier recurrence and could thus be used in the
assessment of risk of relapse in clinical practice.

Within the next decade pancreatic cancer is predicted to be the
second leading cause of cancer-related death in the Western
societies while the prognosis remains poor and the 5-year
survival rate is <5% (1). Mainly due to tumour involving local
vessels, curative surgical treatment is achievable only in 15-
20% of cases. The progression of therapies, including adjuvant
treatments, still have only a slight improvement for overall
survival (2). Better knowledge of heterogenic pancreatic cancer
tumour biology and tumour subtyping could provide advanced
prognostic and predictive information for different subtypes of
the disease (3). Although novel prognostic and predictive
factors are under extensive search in pancreatic cancer, TNM-
classification and CA19-9 value are still the only factors, that
can guide clinical decision making (4-7). 

Chromatin in mammalian cells consists of genomic DNA,
histones, regulatory proteins and non-coding RNAs (8).
Nucleosome is a fundamental unit of chromatin where 1.47
rounds of negatively charged DNA is wrapped around a
positively charged histone, an octamer which is built from core
histone proteins: H2A, H2B, H3, and H4. In addition, H1 is a
linker histone between nucleosomes (8, 9). Epigenetics imply
the changes in gene expression that are not coded in the DNA
sequence itself (10). The main epigenetic modifications in the
normal development and growth of cells are DNA methylation,
histone modifications and post-transcriptional gene regulation
by microRNAs (11). These modifications jointly influence the
regulation of genome function by modifying the regional
structure dynamics of chromatin, primarily regulating its
accessibility and compactness (12). 

Reversible histone acetylation and methylation are the two
most predominant post-translational modifications of histone
tails that regulate gene expression (8, 11). The Jumonji C
Domain (JMJD) family consists of 30 proteins in mammals, 18
of them having demethylating enzyme activity of histone

2295

Correspondence to: Peeter Karihtala, Department of Oncology and
Radiotherapy, Oulu University Hospital, PO Box 22, 90029 Oulu,
Finland. Tel: +35 883152011, e-mail: peeter.karihtala@oulu.fi

Key Words: Epigenetics, immunohistochemistry, KDM4, sirtuin,
pancreatic cancer.

ANTICANCER RESEARCH 38: 2295-2302 (2018)
doi:10.21873/anticanres.12474

KDM4D Predicts Recurrence in Exocrine Pancreatic 
Cells of Resection Margins from Patients 

with Pancreatic Adenocarcinoma
JOEL ISOHOOKANA1, KIRSI-MARIA HAAPASAARI2, YLERMI SOINI2,3 and PEETER KARIHTALA1 

1Department of Oncology and Radiotherapy, Medical Research Center Oulu,
Oulu University Hospital and University of Oulu, Oulu, Finland;
2Department of Pathology, Medical Research Center Oulu,

Oulu University Hospital and University of Oulu, Oulu, Finland; 
3Department of Pathology and Forensic Medicine, Cancer Center of Eastern Finland,

University of Eastern Finland, Kuopio, Finland



residues. JMJD proteins are classified in subfamilies according
to the degree of homology and the presence of other domains.
JMJD2A–D, also known as lysine (K)-specific demethylase 4
(KDM4), is one of the JMJD subfamilies in humans, where
JMJD2/KDMA–C are 120 kDa proteins and present double
PHD and Tudor domains, which are implicated in binding to
methylated histones. JMJD2D/KDM4D is only half the size of
other KDM4 members and has no PHD and Tudor domains.
KDM4A and KDM4B have as a substrate H3K9 and H3K36
and KDM4D H3K9 and H1.4K26. By mono-, di- or
tridemethylating lysine residues the JMJD/KDM4 proteins are
involved in various processes within the cell, including
regulation of gene transcription, epigenetic silencing,
heterochromatin formation, genomic imprinting and DNA
repair. Dysregulation of JMJD protein activity is related to
progression of cancer (9, 13, 14). Highly selective KDM
inhibitors have been recently characterized (15). 

Histone deacetylases (HDACs) are categorized into four
classes based on homology to yeast HDACs (8). Class III
HDACs consist of seven isoforms of the silent information
regulatory 2 (Sir2) enzyme family called sirtuins (SIRTs),
which function in the nucleus, cytoplasm and mitochondria
(16). Sirtuins are NAD dependent histone deacetylases
and/or mono (ADP-ribosyl) transferases which regulate
genome stability, cellular metabolism, and lifespan. As a
prominent function of HDACs, sirtuins intercedes epigenetic
silencing by deacetylase modification of lysine residues of
histones but also various non-histone substrates (16-18). 

Mammalian sirtuins are classified into four different
subclasses: SIRT 1-3 belongs to class I, SIRT4 to class II,
SIRT5 to class III and SIRT 6-7 to class IV (19). Class I
members have strong deacetylase activity in vitro and class II
member (SIRT4) acts as a mono-ribosyltransferase and has a
weak deacetylase activity in vitro (19, 20). SIRT1 functions
primarily as a nuclear deacetylase. SIRT1 removes the acetyl
group from the ε-amino group of lysine residues in histones
(H4K16 and H3K9) and non-histone proteins, and regulates
target gene expression and protein activities that control
multiple cellular processes such as cell proliferation,
differentiation and apoptosis. Several functions of SIRT1
depend on its ability to deacetylate histone H3K9 and H4K16
and to mediate consecutive transcriptional repression (19, 21).

SIRT2 is mainly localized in the cytoplasm but it has also
the ability to transfer to the nucleus during mitosis. SIRT2
deacetylates histone substrates H4K16, H3K56 andH3K9 but
also various of non-histone substrates. p53 is perhaps the
best known non-histone substrate of SIRT1 and SIRT2.
SIRT2 regulates several cell functions including cell cycle
progression, cell death, and stress response (17, 20, 22, 23).
SIRT3 and 4 localize mainly in the mitochondria, where they
regulate diverse mitochondrial proteins. SIRT3-4 function
mainly in metabolic regulation. However, recent reports
suggested that SIRT3 plays a role in epigenetic regulation

through deacetylation of histone H4K16 and H3K9, although
it remains controversial (19, 20, 22).

In this study we collected material from surgically treated
pancreatic adenocarcinomas in order to evaluate the mainly
unknown role of KDM4 and SIRT families as potential
prognostic factors of this disease. Emphasize was given to
characterize expressions separately in benign pancreatic cells
taken from resection margins and malignant tumor tissue. 

Materials and Methods 
Samples. The material consisted of a retrospective cohort of pre-
treatment surgical pancreatic adenocarcinoma samples from 102
patients in SIRT1-4 stainings and 81 patients in KDM4A, KDM4B
and KDM4D stainings. The number of immunostanings between
KDM4 and SIRT varied due to the lack of reliably representative
material for KDM4 stainings in 21 cases.  Overall, 97 (95.1%) of
the patients underwent pancreaticoduodenectomy. To assess the
value of the studied markers to predict recurrence, samples were
assessed both from malignant adenocarcinoma cells and also
separately from benign exocrine pancreatic tissues from resection
margins, when available. The specimens had been fixed in neutral
formalin, embedded in paraffin blocks and stored at the Department
of Pathology in Oulu. All patients were diagnosed and treated in
Oulu University Hospital, Oulu, Finland during 1993-2015. 50
(49.0%) of the patients were diagnosed in 2010 or after that. During
the follow-up time (median 15 months) 72 patients (70.6%) died of
pancreatic cancer. Diagnoses were reviewed by a specialist
pathologist and the evaluation of immunostaining was performed by
experienced histopathologists (KMH) and (JI). Exact and updated
patient data were acquired from patient medical records. During the
evaluation of the immunostainings, the clinical patient data were
blinded. Pathological TNM staging was available in 99 (97.1%)
cases and only clinical TNM staging was available in 2 (2.0%)
cases. In one of the cases, a reliable TNM staging was absent. 

Immunohistochemistry. Pancreatic adenocarcinoma samples and
samples from benign pancreatic tissue from resection margins were
fixed in formalin and embedded in paraffin. Sections of 3.5 μm
thickness were rehydrated in a descending series of ethanolic
solutions and deparaffinized in xylene. In staining with KDM4A,
KDM4B and KDM4D the samples were pre-treated in a microwave
oven in Tris-EDTA buffer in pH 9 for 15 min for KDM4A and
KDM4D and 10 min for KDM4B. For SIRT1-4, the samples were
also pre-treated in a microwave owen but in Tris-EDTA buffer in pH
6 for 17 min for SIRT1 and SIRT4 and 12 min for SIRT2 and SIRT3.
Next, for KDM4A, KDM4B and KDM4D staining, sections were
incubated in a 3% H2O2 solution for 15 min to block the endogenous
peroxidase activity. In SIRT1-4 stainings 3% H2O2 was replaced
with Dako REAL™ Peroxidase-Blocking solution (Dako S2023,
Dako Denmark A/S, Glostrup, Denmark). Samples were incubated
with primary antibodies (Table I) at +4 C temperature overnight
(Table I). After the slides were incubated with secondary biotinylated
antibody, the immunostaining was carried out with VECTASTAIN®
Elite ABC KIT (Vector Laboratories, Inc., Burlingame, CA, USA)
for SIRT1 and SIRT 4, Lab Vision™ UltraVision™ Large Volume
Detection System (Thermo Fisher Scientific, Fremont, USA) for
SIRT 2 and Dako REAL™ EnVision™ Detection System (Dako
Denmark A/S, Glostrup, Denmark) for SIRT 3, KDM41, KDM4B
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and KDM4D according to the manufacturer’s instructions. Between
the stages of the immunostaining procedure, the slides were washed
with Tris-buffered saline (TBS). 3,3-Diamaminobenzidine was used
as a chromogen and the slides were counterstained with Mayer’s
haematoxylin and finally mounted.

Statistical analyses. For statistical analyses, the intensity (0-3) was
multiplied by the percentage of stained cells to all malignant cells (0-
100%) resulting in a continuous variable of 0-300. Both the intensity
and the extent of immunostaining were separately evaluated in nuclei
and cytoplasm, and separately in adenocarcinoma cells and in cells
of exocrine pancreas at the resection margins. Mann-Whitney test and
Spearman’s rho test were used to determine the significance of the
results with the exception of survival analyses where the continuous

variable was divided into two classes (low or high expression) based
on the median expression of each variable.   

Grade was divided into well-to-moderate differentiation or poor
differentiation and T-class was handled in statistical analyses as T1-2 or
T3-4. Associations between KDM4 and SIRT expressions and patient
survival were analysed with the Kaplan–Meier method, and the
statistical significance of the differences was evaluated using the log-
rank test. Disease-free survival (DFS) was calculated from the date of
diagnosis to the date of the first confirmed relapse, either local or distant.
Overall survival (OS) was calculated from the date of diagnosis to the
time of death from any reason. Cox regression analysis was applied in
multivariate analysis. Statistical analyses were carried out by using IBM
SPSS Statistics 22.0.0.0 software (SPSS, Chicago, IL, USA) and the
results were considered significant if the two-sided p-value was <0.05. 
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Figure 1. Kaplan–Meier curves showing disease-free survival (DFS) according to nuclear lysine (K)-specific demethylase 4 D (KDM4D) expression
(A) and cytoplasmic Sirtuin 2 (SIRT2) expression (B) in benign pancreatic tissue of resection margin.

Table I. Immunohistochemical methods.

Primary antibody                    Manufacturer of the primary antibody                   Dilution                                  Immunostaining method
                                                                                                                                                                                                      
KDM4A                                             Abcam, Cambridge, UK                               1:2,000                 Dako REAL™ EnVision™ Detection System 
(ab104831)                                                                                                                                                 (Dako Denmark A/S, Glostrup, Denmark)
KDM4B                                             Abcam, Cambridge, UK                                 1:250                   Dako REAL™ EnVision™ Detection System 
(ab103129)                                                                                                                                                 (Dako Denmark A/S, Glostrup, Denmark)
KDM4D                                             Abcam, Cambridge, UK                               1:1,500                 Dako REAL™ EnVision™ Detection System 
(ab93694)                                                                                                                                                   (Dako Denmark A/S, Glostrup, Denmark)
SIRT1                                                 Abcam, Cambridge, UK                                 1:200                              VECTASTAIN® Elite ABC KIT 
(ab166821)                                                                                                                                              (Vector Laboratories, Inc., Burlingame, USA)
SIRT2                                         Novus Biologicals, Littleton, USA                       1:1,500           Lab Vision™ UltraVision™ Large Volume Detection 
(NBP1-50461)                                                                                                                                    System (Thermo Fisher Scientific, Fremont, USA)
SIRT3                                Santa Cruz Biotechnology Inc., Dallas, USA                1:250                   Dako REAL™ EnVision™ Detection System 
(sc-99143)                                                                                                                                                  (Dako Denmark A/S, Glostrup, Denmark)
SIRT4                                                 Abcam, Cambridge, UK                                 1:100                              VECTASTAIN® Elite ABC KIT 
(ab 10140)                                                                                                                                              (Vector Laboratories, Inc., Burlingame, USA)
                                                                                                                                         
KDM4: Lysine (K) – specific demethylase; SIRT: sirtuin.



Results 

Staining patterns in malignant tissue. KDM4A was detected
in all but one of the cases (n=78) both in nuclei and cytoplasm
(Figure 1, Table II). Nuclear staining intensity ranged from
weak (+) to strong (+++) and majority of the cases showed
50% or more extent of immunostaining. Cytoplasmic staining
intensity varied from weak (+) to strong (+++), but only three
samples showed strong immunopositivity. Extent of
cytoplasmic immunostaining was 100% in all cases and in
nucleus it ranged from 1%-100%. Cytoplasmic KDM4B and
KDM4D expression was identified in 78 cases and in these
cases all cells had at least some immunopositivity.
Cytoplasmic intensity varied in both stainings from weak (+)
to moderate (++). Only one sample showed strong (+++)
cytoplasmic KDM4B expression. Weak KDM4B nuclear
positivity was seen in 50 cases. Nuclear KDM4D expression
was detected in 26 samples where three of them showed
strong (+++) staining. The extent of nuclear staining varied
from 5% to 100% in these stainings. Membrane-associated
KDM4A was observed in 13 and KDM4D in 21 cases. Two
samples were not evaluable because of the exhaustion of the
blocks or the occurrence of non-representative areas.

Majority of samples showed cytoplasmic SIRT1-4 expression
and the intensity of expression varied from weak (+) to strong
(+++) with all antibodies. The magnitude of cytoplasmic
expression was 100% in stainings SIRT1 and SIRT4. In stainings
with SIRT2-3, the magnitude of cytoplasmic expression varied
from 20-100%. The majority of the nuclei were negative with
regards to SIRT1, SIRT3 and SIRT4 in malignant cells. 14 cases
(14.6%) showed weak (+) or moderate (++) nuclear SIRT2
immunopositivity and the percentage of positive cells ranged
from 5-30% in the malignant cells. 27 cases showed membrane-
associated SIRT4 expression and tumour microenvironmental
stromal SIRT2 staining was observed in majority of the samples
(n=92). Three of the samples were not evaluable.  

Staining patterns in benign tissue from resection margins.
KDM4A expression was detected both in nuclei and
cytoplasm in majority of the cases (97.6%) and intensity
varied mostly from weak (+) to moderate (++). Two of the
cases showed strong nuclear staining. The extent of nuclear
staining ranged from 1-100%, but cytoplasmic staining was
observed in all cells in most samples. KDM4B expression was
observed in 32 of the cases in cytoplasm and in 23 cases in
nuclei. Only three samples were completely negative. Staining
intensity was mainly weak, both in nuclei and cytoplasm. In
cytoplasm, the extent of staining was 100% and in nuclei the
magnitude of immunostaining was mostly 50% or less.  

All of the samples except one showed cytoplasmic
KDM4D staining (n=42), but 18 cases showed also KDM4D
nuclear staining. Intensity varied mainly from weak to
moderate both in cytoplasm and nuclei, while two cases

showed strong nuclear KDM4D staining. The extent of
cytoplasmic staining was 100% in all samples with
cytoplasmic immunopositivity, but the magnitude of nuclear
staining varied between 10-100%. Overall, 38 cases were not
evaluable due to exhaustion of the blocks or the occurrence
of non-representative areas.

Cytoplasmic SIRT1 expression was recorded in all except
two of the cases (n=30). Intensity varied from weak to
strong. Also, SIRT3 staining was detected in all except two
of the cases (n=32) and the intensity was mainly weak or
moderate in cytoplasm but 3 cases showed strong
cytoplasmic SIRT3 immunoreaction. Weak or moderate
cytoplasmic SIRT2 expression was detected in all cases
(n=37) and SIRT4 expression in all except four of the cases
(n=29). The extent of SIRT1 and SIRT4 immunostainings
were 100% in those samples, where the extent of
immunoreactivity varied from 20% to 100% with SIRT2-3
immunostainings in benign tissue areas. Nuclei were
completely negative in all SIRT stainings except for two
samples that showed weak nuclear SIRT1 and SIRT4
expression. Depending on a staining, 60 to 70 samples were
not evaluable due to exhaustion of the blocks or the
occurrence of non-representative benign tissue. 

Association with clinical parameters. KDM4A expression in
the nuclei of adenocarcinoma cells had an inverse correlation
with the primary tumor size as millimetres (p=0.002;
correlation coefficient -0.474). In benign pancreas in
resection margins, nuclear KDM4A correlated inversely with
the number of metastatic lymph nodes (p=0.03; correlation
coefficient -0.452). We did not find any associations between
KDM4B expression and studied parameters.

High nuclear KDM4D expression in benign pancreatic cells
from resection margins associated with T-class T1-2 compared
to T3-4 (p=0.005). Cytoplasmic KDM4D in adenocarcinoma
cells was overexpressed in grade I-II tumors, compared to
poorly differentiated carcinomas (p=0.043).

High cytoplasmic SIRT1 immunostaining in benign
pancreatic tissue from resection margins associated with poor
differentiation (p=0.033). In contrast, high cytoplasmic
SIRT3 expression in benign pancreatic tissue was connected
with lower grade (p=0.034). SIRT4 did not show any
associations with the studied parameters.

Survival analysis. High nuclear KDM4D expression in benign
pancreatic tissue of resection margins associated with
significantly shorter DFS (p=0.005) (Figure 2). In multivariate
analysis this was still the most significant predictor of DFS
(OR=8.00; 95%CI=1.87-33.9; p=0.005) when the number of
metastatic lymph nodes (OR=1.59; 95%CI=1.10-2.31;
p=0.015) and T-class (OR=2.57; 95%CI=0.543-12.2; p=0.23)
were also included in the model.
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High cytoplasmic SIRT2 expression in benign pancreatic
tissue of resection margins associated with shorter DFS in
univariate analysis (p=0.026). However, in multivariate
analysis this association was not significant (OR=2.05;
95%CI=0.49-8.52; p=0.32) when the number of metastatic
lymph nodes (OR=1.94; 95%CI=0.90-4.18; p=0.091) and 
T-class (OR=1.29; 95%CI=0.25-6.64; p=0.76) were included
to the model. No associations with OS were found.

Discussion

Based on these results, expression of KDM4A-D or SIRT1-
4, did not influence the prognosis of patients with pancreatic
adenocarcinoma, when the expression is assessed in
malignant cells. On the other hand, nuclear KDM4D
expression in benign exocrine pancreatic cells from resection
margins appeared as a prognostic factor in surgically treated
pancreatic adenocarcinomas exceeding the prognostic value
of T and N of the TNM classification. A similar tendency
was observed with a high cytoplasmic SIRT2 expression.

A recent comprehensive integrated genomic analysis of
pancreatic adenocarcinomas revealed KDM6A as a new
candidate driver of pancreatic carcinogenesis (24). According
to our knowledge, this is the first study to assess KDM4
expression in pancreatic cancer with clinical material. The
preclinical evidence is also limited but has suggested that
KDM4B can epigenetically up-regulate transcription factor
Zeb1 expression and consequently accelerate epithelial-
mesenchymal transition (25). KDM4 isoenzyme overexpression
in malignant compared to benign tissues has been reported in
breast, endometrial, lung and prostate cancers (26-29). In our
recent work with Hodgkin lymphomas, strong KDM4D
expression in Reed-Sternberg cells associated with poorer
relapse-free survival in the limited-stage patients, but only in
those who had received involved-field radiotherapy (14). 

Previously, nuclear KDM4D expression has been shown
to be a negative prognostic factor in lung carcinoma and
especially in squamous cell carcinoma (30). Compared to

other KDM4 isoenzymes, KDM4D stimulates proliferation
and cell survival in vitro in a p53 mediated manner and has
also a vital role in DNA double-strand break repair in a
PARP1-dependent manner (13, 31). While expression in
malignant pancreatic cells had no prognostic significance,
high nuclear KDM4D expression in benign pancreatic tissue
taken from resection margins predicted an earlier recurrence.
Notably, only 32% of patients with low nuclear KDM4D
expression relapsed during the follow-up. Patients with high
nuclear KDM4D expression had an 8-fold risk of early
relapse when T-class and the number of lymph node
metastases were included to the multivariate analysis.
Nuclear KDM4D expression assessed from resection margins
of the benign pancreas may thus be used as a marker of early
recurrence of the tumor. It is possible that tumor cells
stimulate adjacent normal exocrine cells to increase KDM4D
and change their methylation status. However, this
hypothesis is partly contradicted by the fact that nuclear
KDM4D in benign pancreatic tissue associated inversely
with T-class. Another possibility is that inflammatory cells
within the tumor tissue influence KDM4D expression in
benign cells and KDM4D expression in benign cells of the
exocrine pancreas.

Nuclear KDM4A expression in cancer cells associated with
smaller tumor size. This is in contrast with previous reports
in other tumor types such as breast, colon and non-small cell
lung carcinomas, where KDM4A has been suggested to have
tumor-promoting effects (9, 32). Nevertheless, KDM4A has
not, according to our knowledge, been assessed previously in
pancreatic cancer and thus it seems that KDM4A may have
cancer-specific roles. The expression in benign pancreatic
cells in resection margins correlated inversely with the
number of metastatic lymph nodes suggesting opposing roles
compared to KDM4D even though association with
recurrence was not observed with KDM4A.

While KDM4 expression has been poorly characterized
in pancreatic cancer, sirtuins have been studied considerably
more, but with somewhat conflicting results. In general,
SIRT1 has been described as either tumour suppressor or
tumour promoter, depending on cellular context or the effect
on a specific signalling pathway (33). SIRT1-mediated
deacetylation may lead, in vitro, to the attenuated function
of several tumour suppressors, including p53, p73, and
HIC1 (17, 34). In pancreatic cancer SIRT1 overexpression
substantially attenuates the effect of gemcitabine and
associates with poor differentiation and poor survival (16,
35). Decrease of nuclear and increase of cytoplasmic SIRT1
has been demonstrated in vitro to stimulate pancreatic
cancer precursor, acinar-to-ductal metaplasia, while SIRT1
inhibition is potent to diminish the viability of pancreatic
cancer cells (36). We, however, did not find any association
of SIRT1 expression in malignant cells with clinical
parameters. In breast cancer, SIRT2 associates with shorter
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Table II. Percentage of evaluable cases showing any expression of
KDM4A, KDM4B, KDM4D and SIRT1-4.

                         Adenocarcinoma cells             Benign pancreatic tissue

                       Nuclear           Cytoplasm          Nuclear          Cytoplasm
                                                                                                           
KDM4A            98.7                    97.5                100.0                  97.6
KDM4B            63.3                    98.7                  65.7                  91.4
KDM4D           33.3                  100.0                  41.9                  97.7
SIRT1                  0.1                  100.0                     3.1                  93.8
SIRT2                14.6                    93.8                     0.0                100.0
SIRT3                  1.0                    98.0                     0.0                  94.1
SIRT4                  0.0                  100.0                     3.0                  87.9
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Figure 2. Strong (A) and weak (B) nuclear KDM4A expression in malignant pancreatic tissue. Strong (C) and weak (D) nuclear KDM4D expression
in benign pancreatic tissue of the resection margin. Strong (E) and weak (F) cytoplasmic SIRT2 expression in benign pancreatic tissue of the
resection margin (Low magnification ×10).



recurrence-free survival and DFS, but only in grade 2-3
tumours (23). We also performed survival analysis
separately in tumours with different grade, but maybe due
to limited sample size this did not reveal any novel
significances (data not shown). The clinicopathological
value of SIRT3 and SIRT4 seems more limited in pancreatic
cancer, in contrast to previous studies that suggested tumour
suppressive effects of SIRT3 in tissue microarray sections
of pancreatic adenocarcinomas (37). According to our
knowledge, SIRT4 expression has not been previously
described in pancreatic neoplasias.

In samples from resection margins, cytoplasmic SIRT1
expression in benign pancreatic cells associated with poor
differentiation in pancreatic cancer. Analogously,
cytoplasmic SIRT2 expression in benign cells in resection
margins was linked with recurrence, although it had no
independent prognostic value in multivariate analysis. These
results, as with KDM4D, suggest that benign cells undergo
epigenetic changes in view of histone modifications which
are reflected in parameters of tumor behaviour. In case of
SIRT1 and 2, the associations were linked to cytoplasmic
positivity implying an increased synthesis in the benign cells.
As far as lymphocyte activation is concerned in experimental
studies, SIRT1 has been shown to activate T cells (38). On
the other hand, SIRT2 has been found to influence
macrophage polarisation and protect from experimental
colitis (39). Such experimental results might partly be due to
tumor induced immunity.

Our results suggest that histone modifications reflected
by changes in KDM and SIRT1-4 enzymes do not play a
significant role in pancreatic adenocarcinoma cells. A
different type of expression was, however seen in nuclear
KDM4D and cytoplasmic SIRT2 expression between tumor
cells and benign exocrine cells. Interestingly, high nuclear
KDM4D expression from benign cells of surgical resection
margins predicted an earlier recurrence and a high
cytoplasmic SIRT2 expression showed a similar tendency.
These observations indicate that benign exocrine pancreatic
cells undergo changes in histone methylation in relation to
a malignant disease in adjacent pancreas. Whether this is
due to a local inflammation, some other stromal action or
direct paracrine effects of tumor cells remains to be clarified
in future studies. 
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