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Abstract
Background and Objective Chronic localized pancreatic inflammation in the form of chronic pancreatitis is an established
risk factor for human pancreatic ductal adenocarcinoma (PDAC) development. Constitutive activation of inflammation-
related signal transducer and activator of transcription (Stat)3 signaling has been implicated in the development and
progression a number of malignancies, including PDAC. Although, the Janus Kinase (Jak)/Stat pathway is a potential drug
target, clinicopathological, molecular, and prognostic features of Stat3-activated PDAC remain uncertain. Our aim was to
determine the clinicopathological impact of this inflammatory pathway in resectable PDAC.
Methods Using a tissue microarray-based cohort of PDAC from 86 patients undergoing pancreaticoduodenectomy with
curative intent and complete clinicopathological data available, we evaluated expression of the interleukin-6 receptor (IL-6R)
/Jak/Stat pathway by immunohistochemistry. IL-6R, Jak, phospho (p)-Jak, Stat3, pStat3Tyr705, and pStat3Ser727 were assessed
in PDAC and pancreatic intraepithelial neoplasia. A Cox regression multivariate analysis model was used to determine
factors influencing survival. Activation of the IL-6R/Jak/Stat3 pathway was compared with the systemic inflammatory
response as measured by serum C-reactive protein levels.
Results High pJak was associated with reduced overall survival in multivariate analysis when compared with those with
moderate or low expression (p=0.036; hazard ratio (HR)=1.68) as was pStat3Tyr705 (p<0.001; HR=2.66) independent of
lymph node status and tumor grade. Patients with a combination of pJakhigh/pStat3

Tyr705
high expression had an especially poor

prognosis (median survival of 8.8 months; 95 % CI, 4.4–13.2). While the IL-6R/Jak/Stat pathway did not correlate with
serum C-reactive protein levels, high pStat3 expression was associated with a reduction in the density of the local tumoral
immune response.
Conclusion Activation of the Jak/Stat3 pathway via phosphorylation was associated with adverse outcome following
resection of PDAC with curative intent supporting potential roles for pJak and pStat3 as prognostic biomarkers markers
and therapeutic targets.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) remains one of the
most aggressive of all malignancies, with overall 5-year sur-
vival in the order of 3 %. Patients with potentially resectable
disease are the minority (10–15 %) because of locoregional
extension or metastatic disease at presentation.1,2 Clinical tri-
als have demonstrated that single agent and combination
chemotherapeutics tested so far, have limited impact on the
natural history of the disease.

Our own group and others have reported that the presence of
an elevated systemic inflammatory, response as measured by
serum C-reactive protein levels, is associated with poor out-
come in both resectable3 and non-resectable4 pancreatic cancer.
Themain stimulus to hepatic production of C-reactive protein is
interleukin 6 (IL-6); a pleotropic cytokine released in response
to a variety of inflammatory stimuli. Elevated C-reactive pro-
tein is associated with increased systemic monocyte IL-6 pro-
duction in patients with pancreatic cancer,5 and elevated IL-6
has been demonstrated in the serum of cachexic patients with
pancreatic cancer as well as in the tumor microenvironment.

Chronic localized pancreatic inflammation in the form of
chronic pancreatitis (CP) is an established risk factor for
human PDAC development6 and via IL-6 has been demon-
strated to accelerate pancreatic intra-epithelial neoplasia
(PanIN) and PDAC development in Kras murine models.7

Additionally, low-grade systemic inflammation-associated
co-morbidities including cigarette smoking and obesity are
established contributors to pancreatic cancer risk.8 It appears
therefore that chronic inflammation is associated with both
an increased cancer risk and, in the case of pancreatic
cancer, a worse cancer survival. It remains unclear whether
systemic inflammation functions as a tumor promoter or
rather it is a reaction to the presence of localized or dissem-
inated PDAC.

The cellular effects of cytokines including IL-6 are in part
mediated via activation of signal transducer and activator of
transcription 3 (Stat3), phosphorylation of which occurs via
the Janus-activated kinase (Jak) family of tyrosine kinases,
themselves activated by cytokine receptors.9,10 Stat3 mediates
a complex milieu of biological responses in proliferation,
apoptosis and inflammation.10 It is constitutively activated in
a variety of human cancers, with inflammation-associated
tumorigenesis supported by Stat3 in the lung11 and colon.12

Stat3 signaling is a principal intrinsic pathway for cancer
related inflammation in the tumor microenvironment,
suspected to induce cancer-promoting inflammation and in-
hibit anti-tumor immunity.13,14

Stat3 is aberrantly activated in human PDAC, influences
proliferation in PDAC cell lines 15 and is implicated in a Pdx1

murine model of acinar to ductal transition.16 Recent evidence
suggests that Stat3 is critical for spontaneous and pancreatitis-
accelerated PDAC precursor formation.17 Thus, accumulating
evidence has implicated Jak and Stat3 as promising targets for
cancer therapy and chemoprevention18,19 however better un-
derstanding of the mechanism and consequence of their acti-
vation in pancreatic cancer is required.

It is our hypothesis that the poor outcome observed in
PDAC associated with an elevated systemic inflammatory
response is related to persistent activation of the IL-
6R/Jak/Stat signaling pathway. In this study, we have
assessed expression and activation of the IL-6R/Jak/Stat
components in a cohort of PDAC patients resected with
curative intent. We aimed to identify whether upregulation
of components of this cascade are associated with clinico-
pathological features including survival and to identify if
upregulation of this pathway is associated with the pres-
ence of a systemic inflammatory response.

Methods

Patient Characteristics

All resectional surgery was performed in the West of Scot-
land Pancreatic Unit, Glasgow Royal Infirmary, UK, during
a 10-year period (1st June 1995 to 31st July 2004). All
patients underwent either classical or pylorus-preserving
PD, performed by a team of three surgeons. Surgical death
was defined as in-hospital mortality. This analysis was lim-
ited to patients undergoing PD for PDAC with curative
intent. Other lesions (e.g., ampullary, duodenal or distal bile
duct adenocarcinomas, or intrapapillary mucinous neo-
plasms) were excluded.

The decision to perform resection was made by a
multi-disciplinary team including surgeons, oncologists,
radiologists and pathologists. The criteria for resectabil-
ity were: (a) CT evidence of localised tumor in the head
of the pancreas; (b) no greater than 180° circumferential
involvement of superior mesenteric vein; and (c) no
overt arterial involvement.20

Postoperatively, all patients were considered for adjuvant
therapy. In the earlier years of the study, patients were
considered for the European Study of Pancreatic and Am-
pullary Cancer (ESPAC)-1 randomization; in the later years,
they were considered for ESPAC-3 randomization. There
was a range of five treatment options across both these
studies, including 5-FU with folinic acid, gemcitabine, ra-
diotherapy, 5-FU with radiotherapy and no therapy. Those
patients reported as having received adjuvant chemotherapy
achieved at least 50 % of intended dosage. None of the
cohort received neoadjuvant therapy as it was not used
within our institution during the study period.
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Pathological microscopic assessment and reporting was
performed as previously described.21 Resection margin pos-
itivity (R1) was defined according to the British Royal
College of Pathologists (RCPath) guidelines as the presence
of tumor≤1 mm from a circumferential margin or surface of
the pancreatic resection specimen, whether by direct inva-
sion or by tumor within a lymph node when assessed by
microscopy of a hematoxylin-and-eosin-stained slide.22 In
addition to traditional histopathological features we have
recently evaluated and categorized the degree of immune
cell infiltrate in PDAC,23 with a dense immune cell infiltrate
associated with a significantly prolonged survival following
resection.

Tissue Microarray Construction

Following patient identification the relevant haematoxylin
and eosin (H&E) slides were obtained from the pathology
archive and under the guidance of a consultant pathologist
(K.O.) the areas of tumor and normal pancreatic ductal
tissue were marked. The corresponding paraffin tissue
blocks were then retrieved. The tissue microarrays (TMAs)
were constructed using a manual tissue arrayer (Beecher
Instruments© Microarray technology). Three cores of tumor
and two cores of normal ductal tissue from resection, along
with control tissue, were spread over three TMAs; 3-μm
thick sections were cut using a Leica© RM 2135 microtome
prior to staining. These sections were then floated onto a
water bath and heated to 45 °C. Following heating the
sections were applied to salinized slides, to improve tissue
adherence.

Immunohistochemistry

The specificity of all antibodies used in this study was
confirmed by western blotting.24 The six antibodies associ-
ated with the Jak/Stat signaling pathway analyzed were IL-
6R, Jak1, pJak1, and Stat3 and the two active forms of Stat3,
pStat3Tyr705, and pStat3Ser727. Following de-waxing and re-
hydration in xylene and decreasing concentrations of alco-
hol, antigen retrieval took place. Two methods of antigen
retrieval were used, with sections microwaved under pres-
sure (15 psi) in TE solution (5 mM Tris base pH 8.0 and
1 mM Sodium EDTA) for Jak1, 3332, Cell Signaling Tech-
nology; pJak1, New England Bio-Labs; pStat3Tyr705, 9131,
Cell Signaling Technology; and pStat3Ser727, 9134, Cell
Signaling Technology. Or incubated in 10 mM citrate buffer
(epitope retrieval solution×10, Dako, Denmark) in a cali-
brated water bath at 96 °C for 20 min for IL-6R, C20, SC-
661, Santa Cruz; and Stat3, 9132, Cell Signaling Technolo-
gy. Next, blocking of endogenous peroxidase activity was
performed using 0.3 % hydrogen peroxide solution for a
period of 10 minutes, followed by the blocking of non-

specific background staining with 1.5 % normal horse serum
(Vector Labs, USA) in tri-phosphate-buffered saline (TBS)
for 20 min at room temperature. One antibody (pJak1)
required further blocking with Avidin and Biotin (Vector
Labs, USA) for 15 minutes each. The slides were then
incubated overnight with the primary antibody at different
concentrations at either 4 °C (IL-6R (1:500) and Stat3
(1:100)) or room temperature (Jak1 (1:200), pJak1 (1:25),
pStat3Tyr705 (1:50), and pStat3Ser727 (1:50)) in a moisture
chamber). A positive and negative control was included in
each immunohistochemistry run, negative slides being incu-
bated in an antibody diluent solution (Dako, Denmark). For
pAktSer473 (1:100; pAkt44-622G, Biosource, Camarillo,
CA) antigen retrieval required heating in Tris/EDTA buffer
(10 mmol/LTrizma Base, 0.25 mmol/L, EDTA) at 96 °C for
20 min. Nonspecific background staining was blocked using
2.5 % horse serum in TBS for 1 h with primary incubation
overnight at 4 °C. Staining was developed using EnVision
kit (Dako, Denmark) and Chromagen was detected using 3,3
V-diaminobenzidine (Vector Labs, USA). The measurement
of p53 and mTor expression in this cohort had been
performed as part of a previous study.25,26

Tumor Evaluation and Scoring

IL6-R/Jak/Stat pathway protein expression was evaluated
in the pancreatic tumor epithelium and within PanIN
lesions. Tissue staining was scored blindly by two inde-
pendent observers (S.M.D. and P.M.) using a weighted
histoscore method,27 also known as the H score system.28

The TMA cores were examined and expression score
calculated as follows (1×percent cells staining weakly
positive)+(2×percent cells staining moderately posi-
tive)+(3×percent cells staining strongly positive). The
maximum score was 300. An interclass correlation coef-
ficient (ICCC) for each protein was calculated to confirm
consistency between observers and the mean of the two
observers’ scores were used for analysis. An ICCC of 0.7
or greater is considered excellent with an ICCC of 1
indicating identical scoring.27

Measurement of C-Reactive Protein in Serum

Preoperative C-reactive protein measurements were avail-
able from the patients whose tumors were included in the
TMA. Circulating C-reactive protein measurements were
performed as described previously.3

Statistical Analysis

The relationships between categorical variables were analysed
using the Mantel–Haenszel (χ2) test. The Mann–Whitney U
test was used to compare continuous variables. The principal
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outcome measure was length of overall survival as mea-
sured from time of the original surgery. Length of survival
following surgery and cause of death were obtained from
our database and validated using the NHS Scotland Infor-
mation Services Department (http://www.isdscotland.org).
Kaplan–Meier survival analysis was used to analyze the
overall survival from the time of surgery with a Log-rank
test performed to compare curves. To ensure mature
follow-up of these data, all patients were prospectively
followed until death and data censored in December
2011 by which time all except a single patient had died.
A Cox proportional-hazards model was used for multivar-
iate analysis to adjust for competing risk factors, and the
hazard ratio (HR) with 95 % confidence intervals (CIs)
reported as an estimate of the risk of disease-specific
death. Only variables found to be significant on univariate
analysis at P<0.10 were included in multivariate analysis
in a backwards-stepwise fashion. Statistical significance
was set at a P≤0.05. Protein expression correlation was
performed using Spearman’s rank correlation test. All sta-
tistical analyses were performed using SPSS version 19.0
(IBM Corporation, NY, USA).

Results

Clinicopathological Characteristics of the Patient Cohort

Ninety-two patients were identified as having had a
pancreaticoduodenectomy for PDAC. The 90-day mortal-
ity was 6.5 % (six patients), with 5.4 % (five patients)
dying within 30 days of operation. These six patients
were excluded from further analysis, as biomarker ex-
pression did not affect their survival, leaving 86 patients
in the study. The median age of these patients at the time
of surgery was 64 (range, 38–77) years. The majority of
patients in the TMA cohort had tumors that were T3, <30 mm,
low-grade, lymph node positive, resection margin positive,
with perineural invasion and venous invasion (Table 1).
Only three patients had a background of pre-existing CP.
Of the 23 patients who received adjuvant therapy, 10
patients (43 %) received adjuvant treatment during the
period 1995–1999 compared with 13 patients (57 %) dur-
ing the period 2000–2004.

The overall median survival in this group was 16.9 months
(95 % CI, 12.4–22.7). Clinicopathological features signifi-
cantly associated with survival according to univariate Cox
survival analysis included lymph node status, tumor grade,
venous invasion and resection margin status (P<0.05)
(Table 2). There were two instances of postoperative,
noncancer-related mortality that occurred as a result of pneu-
monia and cerebrovascular vascular accident, occurring at 14
and 44 months of follow-up, respectively.

Protein Expression

The variation in observer scoring was calculated by ICCC.
Scorer variation in this study achieved an ICCC of 0.82. For
the six IL-6R/Jak/Stat pathway proteins examined in this
study, expression was seen in all three cellular compart-
ments for IL-6R and pJak1. Cytoplasmic and membrane
expression only was seen for Jak1 and non-activated Stat3.
Both active forms of Stat3 (pStat3Tyr705 and pStat3Ser727)
had protein expression observed in the cytoplasmic and
nuclear compartments only (Fig. 1).

Association of IL-6R/Jak/Stat Pathway with Clinicopathological
Features

While the nuclear expression of pJak1 did not signifi-
cantly correlate with any clinicopathological variables,
high pStatTyr705 was more frequently associated with R1
status, while high pStat3Ser727 was more frequently asso-
ciated with lower grade tumors (Supplemental Table 1).
The degree of immune cell infiltrate was evaluated in
along with components of the IL-6RJak/Stat pathway. In
those tumors with evidence of a dense immune cell
infiltrate, the frequency of high nuclear pJak and high

Table 1 Demographic, operative, pathological, and treatment charac-
teristics of 86 patients undergoing pancreaticoduodenectomy for pan-
creatic ductal adenocarcinoma

Characteristic Number (%)

Demographic

Gender (F/M) 43 (50)/43 (50)

Age (years) (≤65/>65) 47 (55)/39 (45)

Pathological

Tumor stage (T2/T3) 10 (12)/76 (88)

Lymph node metastasis (no/yes) 18 (21)/68 (79)

Tumor size (mm; ≤30/>30) 39 (45)/47 (55)

Tumor grade (low/high) 63 (73)/23 (27)

Perineural invasion (no/yes) 9 (10)/77 (90)

Venous invasion (no/yes) 50 (58)/36 (42)

Lymphatic invasion (no/yes) 61 (71)/25 (29)

Chronic pancreatitis (no/yes) 83 (96)/3 (4)

Operative, treatment and outcome

Vascular resection (no/yes) 79 (92)/7 (8)

Resection margin status (R0/R1)a 19 (22)/67 (78)

Adjuvant therapy (no/yes)b, c 63 (73)/23 (27)

Survival (months; median/mean) 16.9/23.4

a Resection margin involvement classified as tumor ≤1 mm from any
circumferential or transection margin
b No patient received neo-adjuvant therapy
c Twenty-one patients received adjuvant chemotherapy; the remaining
two patients received adjuvant radiotherapy
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nuclear pStat3Tyr705 expression was significantly reduced
(Supplemental Table 1). There appeared to be no significant
association between the tumor expression of components of
the IL-6R/Jak/Stat pathway and preoperative circulating
levels of C-reactive protein (Supplementary Table 1).

To determine if protein expression levels were associ-
ated with survival, the patient cohort was initially split
into tertiles according to expression of each protein.
Kaplan–Meier survival graphs were plotted comparing
tumors with combined low and moderate levels of specific
protein expression to those patients with high levels. For

Jak1, pJak1, Stat, pStat3Tyr705, and pStat3Ser727, the cyto-
plasmic and nuclear compartments were evaluated. For IL-
6R, the cytoplasmic and membranous compartments were
evaluated.

In univariate Cox regression analysis (Table 2), high
membranous IL-6R expression (n=30) was associated
with significantly decreased survival compared with low
expression (n=55) following resection (HR, 1.29 (95 %
CI, 1.02–1.66); P=0.048). High nuclear pJak1 expression
(n=30) was associated with significantly reduced survival
compared with low expression (n=55) following

Table 2 Univariate and multi-
variate survival analysis for 86
patients undergoing
pancreaticoduodenectomy for
pancreatic ductal
adenocarcinoma

HR hazard ratio, CI confidence
interval

Variable Univariate Multivariate

HR 95 % CI P value HR 95 % CI P value

Tumor stage

T2 – –

T3 1.86 0.89–3.80 0.111 – –

Lymph node status

N0 –

N1 2.11 1.32–3.70 0.046 2.28 1.18–4.04 0.014

Tumor size (mm)

≤30 – –

>30 1.37 0.86–2.20 0.190 – –

Tumor grade

Low –

High 2.19 1.29–3.73 0.004 3.15 1.75–5.67 <0.001

Perineural invasion

Absent – –

Present 0.69 0.35–1.81 0.338 – –

Venous invasion

Absent – 0.055 0.737
Present 1.58 1.04–2.66 1.10 0.62–1.96

Resection margin status

R0 –

R1 (≤1 mm) 1.75 1.07–3.16 0.048 1.38 0.75–2.57 0.295

Adjuvant therapy

No – –

Yes 1.02 0.61–1.69 0.655 – –

pJak1 (nuclear)

Low –

High 1.74 1.08–2.81 0.028 1.68 1.04–2.73 0.036

pStat3Tyr705 (nuclear)

Low –

High 2.09 1.26–3.50 0.005 2.66 1.55–4.59 <0.001

pStat3Ser727 (nuclear)

Low –

High 1.42 1.10–1.83 0.007 1.33 0.96–1.81 0.067

IL-6R (membrane)

Low –

High 1.29 1.02–1.66 0.048 1.11 0.85–1.45 0.461
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resection (HR, 1.74 (95 % CI, 1.08–2.8), P=0.023). High
nuclear pStatTyr705 expression (n=29) was associated with
significantly reduced survival compared with low expres-
sion (n=57) following resection (HR, 2.09 (95 % CI,
1.26–3.50), P=0.005). High nuclear pStatSer727 expression
(n=30) was associated with significantly decreased survival
compared with low expression (n=56) following resection
(HR, 1.42 (95 % CI, 1.10–1.83), P=0.007). Kaplan–Meier
survival curves illustrating the significant prognostic factors in
univariate analysis are shown in Fig. 2. No other assessment
of protein expression associated significantly with overall
survival following resection.

In order to further evaluate survival outcome we under-
took survival analysis at 6 and 12 months between the
groups for all studied markers (Supplementary Table 2).
While there was no significant difference in survival at
6 months between any of the groups, at 12 months follow-
up however, there was a significantly reduced survival for
patients with high expression of nuclear pJak1 (P=0.014),
high expression of pStat3Tyr705 (P=0.004), high expression of
pStat3Ser727 (P<0.0001), and high expression of membranous
IL-6R (P=0.039).

Most importantly, in multivariate analysis, high pJak1 ex-
pression (HR, 1.68 (95 % CI, 1.04–2.73), P=0.036) and high
pStat3Tyr705 expression (HR, 2.66 (95 % CI, 1.55–4.59),
P=0.001) remained independent predictors of poor surviv-
al when considered individually along with pathological
variables. When expression of the pJak1 and pStat3Tyr705

were placed in the Cox proportional-hazards model

together, each continued to provide independent prognostic
information (Table 2).

Combination of Components of Jak/Stat Pathway

pJak1 and pStat3Tyr705 expression data were then combined
to stratify the cohort into four groups. The combination of
pJak1high/pStat3

Tyr705
high (n=16) was associated with an

especially deleterious influence on overall survival follow-
ing resection (median overall survival, 8.8 months (95 % CI,
4.4–13.1)) (Fig. 3). A multivariate Cox proportional-hazards
model confirmed that pJak1high/pStat3

Tyr705
high was an in-

dependent predictor of poor outcome (HR, 3.02 (95 % CI,
1.57–5.77), P=0.001).

Expression IL-6R/Jak/Stat in PanINs

While there was evidence of high pJak1 and pStat3Tyr705

expression in 84 and 87 % of early PanIN lesions, respec-
tively, IL-6R was rarely expressed in the PanINs associated
with these tumors.

Relationship of L-6R/Jak/Stat Activation with Signaling
Pathways in PDAC

IL-6Rmembranous expression correlated weakly with nuclear
pStatSer727 (Spearman’s rho=0.242, P=0.027). Furthermore,
cytoplasmic IL-6R expression correlated with pJak1 expres-
sion (Spearman’s rho=0.223, P=0.042) and nuclear

Fig. 1 Representative
immunostaining of IL-6R,
pJak1, pStat3Tyr705, and
pStat3Ser727 in the PDAC tissue
microarray. Zoomed sections of
high-intensity tissue microarray
cores are illustrated. Black bar
represents 30 μm
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pStatTyr705 (Spearman’s rho=0.343, P=0.003). There was a
significant correlation between nuclear pJak1 expression and
both nuclear pStatTyr705 (Spearman’s rho=0.461, P=0.001)
and nuclear pStatSer727 (Spearman’s rho=0.295, P=0.006).
Nuclear pJak expression was correlated strongly correlated
with cytoplasmic expression (Spearman’s rho=0.61,
P<0.0001); however, nuclear expression associated more
strongly with prognosis.

To determine whether Jak/Stat activation in PDAC corre-
lated with other related signaling pathways the expression of
non-activated and activated Jak1 and Stat3 was assessed in the
context of mTor, pAkt, and p53 protein expression. There was
no significant correlation between cytoplasmic mTor expres-
sion and any component of the IL-6R/Jak/Stat pathway.
pStatTyr705 expression was found to correlate significantly
with pAkt expression (Spearman’s rho=0.331, P=0.002).
Furthermore, pAkthigh/pStat

Tyr705
high expression (n=16) was

associated with an especially poor outcome (median overall
survival 9.1 months (95 % CI, 6.3–11.7)).

p53Low expression in combination with pStat3Tyr705low
expression was associated with a favorable outcome
(median, 21.5 months (95 % CI, 9.1–33.5)). However,
p53high/pStat3

Tyr705
high expression had a negative impact on

survival following resection (median, 9.0 months (95 % CI,
1.9–16.1), P=0.013). We noted that pStat3Tyr705high/p53low
was an uncommon combination (n=7) associated with a

a

c

b

d

Fig. 2 Kaplan–Meier survival
curves illustrating the
prognostic influence of the IL-
6R/Jak/Stat pathway on
resected PDAC. a High
membranous expression of IL-
6R was associated with a poor
outcome (low, 26.4 months
versus high, 12.3 months;
P=0.046). b High nuclear
pJak1 expression was
associated with a poor outcome
(low, 19.6 months versus high,
11.1 months; P=0.022). c High
nuclear pStat3Tyr705 expression
was associated with poor
outcome (low, 21.0 months
versus high, 10.3 months;
P=0.006). d High nuclear
pStat3Ser727 expression was
associated with poor outcome
(low, 20.1 months versus high,
10.1 months; P=0.004). Log-
rank analysis was used to
compare survival curves

Fig. 3 Kaplan–Meier survival curves for 85 patients according to
combined pJak1 and pStat3Tyr705 status in PDAC. A combination
of pJak1high/pStat3

Tyr705
high resulted in a significantly reduced

overall survival. For pJak1low/pStat3
Tyr705

low versus pJak1high/
pStat3Tyr705high, P<0.001. For pJak1low/pStat3

Tyr705
low versus

pJak1low/pStat3
Tyr705

high, P=0.018. Log-rank analysis was used
to compare survival curves
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poor outcome (median, 10.3 months (95 % CI, 2.3–18.2))
(Fig. 4).

Discussion

Tumor-associated inflammation has been recognized as an
important hallmark of cancer,29 either through initiation,
extrinsic cause or supporting the intrinsic microenvironment
during tumor progression.30 Survival following resection of
PDAC remains poor and in contrast to developments in other
solid malignancies, molecular features of PDAC that predict
utility of targeted therapies have yet to be defined. The disease
is associated with significant peritumoral inflammation, with
inflammatory pathways implicated in both tumorigenesis and
tumor promotion. Furthermore, studies in human PDAC have
established that systemic inflammation, assessed by C-
reactive protein levels, is associated with significantly poorer
outcome.3,31 Subsequently, this study was conducted to ex-
amine the prognostic influence of activation of the IL-
6R/Jak/Stat signaling pathway in PDAC and assess the rela-
tionship between systemic inflammation and activation of
these intra-tumoral inflammatory pathways.

The IL-6R is predominantly located in the cell membrane;
however, the IL-6/IL-6 receptor complex enter the cell by

endocytosis as part of the protein-recycling process,32 a po-
tential method of downregulating receptors once the ligand
has produced the appropriate signal.32 Therefore as the IL-6R,
unlike the other signaling proteins in the pathway does not
have a phosphorylated form, the localization of the IL-6R to
the cytoplasm may be used as a surrogate marker for activa-
tion. The current data demonstrate that high IL-6R mem-
branous expression was associated with poor overall
survival following resection in univariate analysis, provid-
ing novel insight into expression of membrane bound IL-
6R in human PDAC. Potentially this association may be
explained by an upregulation as a result of pathway acti-
vation. Upregulation of the signal-transducing component
of the IL-6R complex, gp130 has been demonstrated in
both human PDAC cell lines and human PDAC tissue at
the mRNA level.33 Certainly, antibodies to gp130 have
been shown to inhibit pStat3 in a dose-dependent manner
in PDAC cell lines.33 Ebrahimi and colleagues examined
circulating IL-6 in patients with PDAC, establishing a
correlation with poor performance status, increased weight
loss, and independent prediction of poor survival,34 a find-
ing consistent with a specific polymorphism reported to be
overrepresented in such patients.35 While there was no
obvious relationship between components of the Jak/Stat
pathway and circulating C-reactive protein, we did not
measure circulating IL-6, the principal but not sole regula-
tor of serum C-reactive protein levels, and it is possible that
this may be a potential link between systemic inflammation
and pancreatic progression as demonstrated in a Kras mu-
rine model.36

A number of upregulated inflammatory and oncogenic path-
ways in PDAC converge on the transcription factors NF-κB
and Stat3,37 suggesting that these are excellent potential direct
therapeutic targets for inhibition. Stat3 is aberrantly activated in
a variety of human cancers playing a crucial role in cell prolif-
eration, invasion and tumor-promoting inflammation.10 The
Jak1 and Stat3 proteins become activated in sequence, upon
the binding of IL-6 to the IL-6R.38 Stat3 is phosphorylated at
two different sites, tyrosine 705 and serine 727 positions. Jak1
phosphorylates Stat3 at tyrosine 705, while the kinase(s) that
mediate serine phosphorylation remain to be determined. Im-
munohistochemical staining in our cohort of patients has dem-
onstrated that both phosphorylated forms of Stat3, pStat3Tyr705

and pStat3Ser727 are found in the cytoplasmic and nuclear
cellular compartments. While expression of activated compo-
nents of the IL-6R/Jak/Stat pathway demonstrated only limited
correlation with pathological features of PDAC, there were
significant associations of nuclear pJak1 and pStat3 at both
sites with poor overall survival in univariate analysis.
pStat3Ser727 expression was associated with low-grade tumors
suggesting that elevated pStat3Ser727 expression in PDAC and
the poor outcome associated with this phenotype is not simply
the result of tumor de-differentiation. These data provide strong

Fig. 4 Kaplan–Meier survival curves for 86 patients according to com-
bined p53 and pStat3Tyr705 status in PDAC. A combination of p53high/
pStat3Tyr705high resulted in a significantly reduced overall survival. For
p53low/pStat3

Tyr705
low versus p53high/pStat3

Tyr705
high, P=0.013. For

p53low/pStat3
Tyr705

low versus p53low/pStat3
Tyr705

high, P=0.002. Log-rank
analysis was used to compare survival curves
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evidence for pStat3Tyr705 in particular having a significant role
in PDAC.

We have recently demonstrated that a dense peritumoral
infiltrate was associated with a significantly prolonged surviv-
al following resection.23 A potential explanation for these data
may be that Stat3 propagates several levels of crosstalk be-
tween tumor cells and their immunological microenviron-
ment, leading to tumor-induced immunosuppression. Stat3
constitutive activity in tumor cells is able to inhibit the matu-
ration of antigen presenting cells, including dendritic cells and
macrophages, at least partly through the production of soluble
energizing factors, such as IL-10 and VEGF and the reduced
secretion of pro-inflammatory mediators.10

Recently, there has been strong evidence of pro-inflammatory
cytokine production in myeloid cells, in particular IL-6, driving
Stat3 activation which subsequently cooperates with mutated
Kras to promote acinar ductal metaplasia resulting in murine
PanIN formation, with supporting data demonstrated in human
specimens.36 Additionally, a critical role for Stat3 in murine
PDAC initiation highlights the potential for Stat3 to integrate
inflammation-associated processes including pancreatitis driven
PanIN development and potentially may serve as a therapeutic
target for preventing inflammation-associated PDAC formation
at the earliest stage.17

Data from the current study demonstrated a significant corre-
lation between IL-6R, pJak, and pStat3 expression supporting
findings from the previous animal models. The finding in the
present study that IL-6R is not expressed in early human PanIN
lesions present in adjacent tissue to the PDAC when compared
with pJak and pStat3 expression suggests that the latter aberra-
tions are relatively early events, supporting findings of the recent
murine models implicating Stat3 in PDAC tumorigenesis.17,33,36

This apparent integral role for Stat3 at early stages of PDAC
tumorigenesis but with evidence of a more restricted pattern of
expression in later stage human PDAC provided by the present
cohort suggests that Stat3 may have variable roles during PDAC
tumor evolution and progression, potentially influencing
immunoediting of the cellular infiltrate within the microenviron-
ment as the tumor progresses. Despite the attractive demonstra-
tion of an integral role for Stat3 tumorigenesis in mouse models,
these are not a true recapitulation of the clinical scenario and
further detailed assessment within human PDAC and human CP
specimens will be necessary before definite conclusions are
drawn. While CP is an established risk factor for PDAC, in our
unit the frequency of pancreatic malignancy in patients with
established CP is relatively low, possibly as a result of the
reduced life expectancy associated with this group of patients.
The rate of resection for PDAC originating on a background
of CP is even less common in our experience as a result of
extensive comorbidities and local complications (venous
colateralization). In the studied cohort, only three patients
had a background of pre-existing CP. Unfortunately,
such limited numbers restricted our ability to compare

IL-6R/Jak/Stat pathway activation with tumors that did
not originate on the background of CP.

It should be noted that Stat3 activation is further regulated
by a variety of factors in addition to IL-6, including its endog-
enous inhibitor Socs3.10 Deletion of Socs3 entirely in the
murine KrasG12D model resulted in profound Stat3 phosphor-
ylation and subsequent acceleration of PDAC development.36

Further characterization of Socs3 expression in human PDAC
is therefore of interest.

We noted there to be significant staining for pJak in the
nucleus. While traditionally Jak is localized to the cytoplasmic
compartment, there is increasing evidence supporting a role for
nuclear translocation of the Jak proteins. When these events
occur during critical windows in cellular development, and
when the amplitude and duration of Jak activity are properly
regulated, these roles are essential in determining cell fate and
proliferation. Besides their canonical role as activators of the
Stat transcription factors, the Jaks are now known to affect gene
expression by activating other transcription factors and exerting
epigenetic actions by phosphorylating histone H3.39 Further-
more there is evidence that nuclear Jak2 may play a role in
preventing the epithelial-to-mesenchymal transition associated
with carcinoma metastasis.40

The finding of a poor outcome associatedwith Stat3Tyr705high
and p53high expression is in keeping with findings of an
orthotopic model of pancreatic ductal cells from KrasG12D

mutant mice with p53 inactivation in which Stat3 knockdown
reduced PDAC development.33 The low frequency of
Stat3Tyr705high/p53low tumors may support the concept that ab-
normal p53 is necessary for activation of Stat3 in themajority.41

Certainly, further work will be required to define the functional
role of Stat3 in advanced human pancreatic cancer.

To date, there has been only limited assessment of prog-
nostic utility of Stat3 expression in human PDAC specimens42

with limited cohort size preventing survival analysis. There-
fore, the present human PDAC cohort represents the largest
study investigating the expression of the Jak/Stat pathway.

It is likely that PDAC progression and hence prognosis is
continually influenced by extrinsic inflammation. Systemic
activation of COX-2, NF-KB, nitric oxide synthetase, produc-
tion of IL-1, IL-6, IL-8, TNF-α, and free radical oxygen
formation 43 have all been associated with PDAC progression.
Obese individuals have an elevated incidence and poorer prog-
nosis associated with pancreatic cancer 44 and have been ob-
served to have higher circulating levels of pro-inflammatory
adipokines including resistin and leptin (a ligand of the gp130
receptor),45 while at the same time lower level of the anti-
inflammatory adipokine adiponectin.46 Furthermore, the
upregulation of IL-6 and downregulation of Socs3 expres-
sion in the lungs of mice exposed to cigarette smoke 47

provides further evidence of role played by IL6-R/Jak/Stat3
signaling in the integration of extrinsic and intrinsic inflam-
matory factors.
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The utility of the Jak/Stat pathway as a therapeutic target is
supported by knockdown of Stat3 and Jak2 inhibition abro-
gating growth of a variety of solid tumor xenografts, including
pancreatic.48 Inhibition of Stat3 in human PDAC cells accel-
erates apoptosis and constrains chemoresistance,19 in addition
to inhibiting tumor growth, invasion 46 and angiogenesis
potentially via reduced MMP7 expression.49 Additionally,
there is evidence that Stat3 activation may represent a bio-
marker of resistance to targeted therapies to the Src and EGFR
pathways.50 Moreover, therapeutic targeting of the Jak/Stat
pathway with Jak2 inhibitors has proven useful in a murine
model of PDAC and within human PDAC cell lines.33 As a
combination of high expression of pJak1 and pStat3 described
a sub-group of patients with an especially poor outcome this
may potentially support a strategy to inhibit IL-6R/Jak/Stat
signaling at multiple points of the pathway simultaneously.
Potentially tumor expression of this pathway could be
assessed in samples collected using endoscopic ultrasound
guidance. This would enable biomarker stratification in re-
sectable and nonresectable cohorts.

We acknowledge that the R1 rate reported in this manu-
script is higher than in much of the literature. Certainly,
recent studies suggest that if pathological assessment is
detailed and standardized, margin involvement is found in
greater than 75 % of resections for pancreatic cancer. In
particular, the use of a detailed standardized histopatholog-
ical protocol to assess pancreaticoduodenectomy specimens
resulted in an R1 rate of 84 %, which correlated with
outcome following resection with curative intent.51 We have
previously reported an R1 rate of 74 % in our own cohort of
147 patients.21 The reasons for underestimation of R1 in-
volvement within the literature are manifold and include
controversy regarding the definition of microscopic margin
involvement and lack of detailed standardized pathological
examination protocol.

While detailed and mature follow-up data were available
for all patients, this study was limited by the lack of a
standardized adjuvant chemotherapy protocol. Furthermore,
we acknowledge that the rate of adjuvant chemotherapeutic
allocation is relatively low in this cohort, a reflection of
post-operative morbidity delaying administration, poor per-
formance status and patients declining further therapy. Fol-
lowing the results of randomized trial evidence (ESPAC-1
study), the allocation of adjuvant therapy in our cohort has
increased. Certainly, investigation of the IL-6R/Jak/Stat
pathway requires further evaluation in a cohort with higher
rates of adjuvant therapy. While long-term preoperative anti-
inflammatory medication including aspirin and statin data
would have been valuable unfortunately this information
was not available for all patients.

With regards to the ultimate driver of inflammation,
tumor hypoxia may provide a potential explanation. An
important hypoxic stress pathway is regulated by HIF-

1α52 that is, in turn, a potent stimulator of IL-6 production
from the tumor and immune infiltrating cells.53 Further
investigation will be required to develop the relationship
between hypoxia and inflammation in pancreatic cancer.

In summary, while these data do not support the hypoth-
esis that measureable systemic inflammation in PDAC is
related to activation of this cytokine-mediated pathway, they
do support the concept that the IL-6R/Jak/Stat pathway is
activated and is integral in human PDAC, as has been
suggested in murine models. The personalization of PDAC
management has the potential to improve the current dismal
prognosis.54 We have provided the strongest evidence to
date that activation of the Jak/Stat pathway is associated
with poor prognosis following resection of PDAC and could
serve as a biomarker to guide targeted therapies including
Jak inhibitors. Undoubtedly, more profound understanding
of components of the inflammatory cytokine milieu includ-
ing interaction with the tumor-associated immune cell infil-
trate will be necessary to unravel the relationship between
inflammation, pancreatic cancer, and poor outcome.
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