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Abstract

IxB kinase (IKKze) is a serine/threonine protein kinase that belongs to the IKK kinase family.
Recent studies have shown that IKKe functions as a breast and ovarian cancer oncogene. We
demonstrated frequent overexpression of IKKe in pancreatic ductal adenocarcinoma (PDA). We
immunohistochemically evaluated 78 PDAs using the avidin-biotin-peroxidase method and the
anti-IKKze rabbit polyclonal antibody. Elevated IKKe reactivity (immunohistochemical score, 4-9)
was observed in 64% of PDAs (50/78), but in 0.0% of nonneoplastic pancreatic ductal epithelium
(0/113; P <.001). Kaplan-Meier analysis of overall survival revealed that patients with high
IKKe-immunohistochemical scores (4-9) had significantly shorter survival than did patients with
low IKKe immunohistochemical scores (0-3; P = .023; log-rank test) independent of tumor stage
or grade. These data indicate that deregulation of IKKe is a common event in PDA and might have
an important role in the pathogenesis of this deadly disease. In addition, IKKe could serve as a
prognostic marker and potential therapeutic target for PDA intervention.
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Pancreatic ductal adenocarcinoma (PDA) is the most common pancreatic epithelial tumor,
and it ranks fourth as the overall leading cause of death in men and women.! The annual
incidence of pancreatic cancer has risen during the last decade, and more than 42,000 new
cases were expected in 2010.1 Furthermore, the 5-year survival of patients with ductal
pancreatic cancer is less than 5%, and it has shown no improvement during the past 3
decades despite molecular advances and the application of alternative therapeutic
modalities.12
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During the last decade, new treatments for cancer have been developed using agents
targeting specific regulatory molecules of signal transduction pathways controlling
malignant transformation, tumor invasion, and metastasis. The biochemical and molecular
alterations underlying the progression from normal to cancerous pancreas are being
elucidated and have included oncogenes, tumor suppressor genes, stromal components, and
apoptotic molecules.3-18

Recently, Boehm and colleagues?® identified IxB kinase (IKKe) as an oncogene capable of
replacing PI3BK/AKT signaling and downstream Ras signaling, to promote cellular
transformation in immortalized human mammary epithelial cells. IKKe belongs to 5 distinct
but closely related proteins, the IxB kinase (IKK) family, consisting of IKKa, IKKp, IKKY,
IKKe, and TBK1. IKKe activates NFkB through phosphorylation and degradation of 1xB.1°
Frequent overexpression of IKKe has been reported in breast and ovarian cancers.19-21 |n
human pancreatic cancer, IKKa and IKKf were shown to be important regulators of NFxB
activation, and their suppression was associated with inhibition of cell proliferation and
induction of apoptosis.22-29 However, IKKe expression in PDAs has not been studied.

In the present study, we evaluated the expression of IKKe in PDASs using
immunohistochemical studies and tissue microarray (TMA) technology. The TMA included
formalin-fixed, paraffin-embedded samples of PDAs from patients who underwent surgical
resection of their tumors.

Materials and Methods

Selection of Cases

The present study focused on 78 patients with pancreatic cancer who had a
pancreatoduodenectomy at the Moffitt Cancer Center, Tampa, FL. The histologic diagnosis
in each case was confirmed by pathologic review of H&E-stained sections cut from fixed
surgical specimens (by A.C. and D.C.). Data from the Moffitt Cancer Registry, the patient’s
medical record, the anatomic pathology database (CoPath, Cerner, North Kansas City, MO),
and the Social Security Death Index were reviewed to determine the patient’s
clinicopathologic characteristics, the American Joint Committee on Cancer anatomic
staging, and the survival of each patient after surgery, whether the patient had died as of
most recent knowledge, and whether there was evidence of disease at that time. The study
was approved by the University of South Florida Institutional Review Board (Tampa).

For the immunohistochemical study, we used a human pancreatic cancer TMA (previously
prepared by the Histology Laboratory, Moffitt Cancer Center Tissue Core Facility)
containing tissue tumor samples of the selected 78 pancreatic cancer cases. The cases were
selected to include tumors of low (I and I1) and high (111 and 1V) stage. The TMA also
contained 113 samples of nonneoplastic pancreatic ductal epithelium (NMP) derived from
areas adjacent to PDAs (as far as possible from the tumor). Of the 113 NMP samples, 75
were derived from the same PDA specimens represented on the TMA. Areas of pancreatic
intraepithelial neoplasia were not present in this TMA constructed to represent NMPs and
PDAs of different stages. All tissues were derived from pancreatic surgical resection
specimens obtained between 1987 and 2006. Two separate tissue cores of PDAs and NMPs
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were collected for the construction of the TMAs. All of the specimens were preserved in
10% buffered formalin before embedding in paraffin.

Immunohistochemical Staining

The tissues were immunostained using the avidin-biotin-peroxidase method and the anti-
IKKze rabbit polyclonal antibody (catalog No. 14907, dilution 1:250; Sigma-Aldrich, St
Louis, MO). The TMA slides were dewaxed by heating at 55°C for 30 minutes and by 3
washes, 5 minutes each, with xylene. Tissues were rehydrated by a series of 5-minute
washes in 100%, 95%, and 80% ethanol and distilled water. Endogenous peroxidase activity
was blocked with 3% hydrogen peroxide for 20 minutes. After blocking with universal
blocking serum (OmniMap, Ventana Medical Systems, Tucson, AZ) for 30 minutes, the
samples were incubated with anti-1KKe rabbit polyclonal antibody (Sigma-Aldrich) at 4°C
overnight. This antibody shows no cross-reactivity with IKKa, IKKp, or IKKy. The samples
were then incubated with biotin-labeled secondary antibody and streptavidin-horseradish
peroxidase for 30 minutes each (Ventana Medical Systems). The slides were developed with
3,3'-diaminobenzidine tetrahydrochloride substrate (Ventana Medical Systems) and
counterstained with hematoxylin (Ventana Medical Systems). The tissue samples were
dehydrated and coverslipped. Standard cell conditioning (following the Ventana proprietary
recommendations) was used for antigen retrieval. The specificity of the anti-IKKe antibody
was confirmed by immunoblot and immunohistochemical analysis of IKKe+ MCF7 cells
Image 1K and Image 1L. Negative control was included by omitting the IKKe antibody
during the primary antibody incubation step.

Immunohistochemical Data Analysis

The IKKe-stained tissue cores were examined by 2 independent observers (A.C. and D.C.)
experienced in immunohistochemical methods, and a consensus score was reached for each
specimen. They scored the stained tissue sections for intensity of IKKe immunostain and
percentage of cells stained. The intensity of staining was subjectively ranked on a scale of 0
to 3, in which 0 represents no staining and 3 is maximal staining. The percentage of cells
stained was estimated on a scale of 0 to 3, in which 0 represents no cells stained and the
values 1 to 3 reflect the lowest to highest tertiles, respectively. The IKKe expression score
was calculated as the product of immunostain intensity and the percentage of cells stained.
Thus, the IKKe final score can take on only the values 0, 1, 2, 3, 4, 6, and 9. The specimens
were also classified by the types of tissue staining positively: NMP or PDA.

Analytic and Statistical Methods

Correlations of IKKe overexpression with the tumor grade and stage were analyzed by x2
testing. Multivariate analysis was used to evaluate the prognostic value of IKKe expression
in PDA. Overall survival (OS) was calculated only for patients who achieved complete
remission, from the date of the first documentation of diagnostic biopsy until the date of
progression or death. The OS curve was estimated by using the Kaplan-Meier product-limit
method and was compared by using the log-rank test. All statistical analyses were 2-sided,
and comparisons in which the P value was less than .05 were considered statistically
significant.
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Results

Clinicopathologic Features

A total of 78 patients who underwent resection of ductal pancreatic cancer had fixed surgical
specimens immunostained for IKKe. Samples of 78 PDAs and 113 NMPs were used. The
ages of patients ranged between 42 and 82 years (mean £ SD, 64 + 9.8 years). Of the
patients, 28 were men and 50 were women. The tumor size ranged between 0.7 and 12 cm
(mean, 3 cm). Of the tumors, 67 were located in the head of the pancreas, 9 were in the
body, and 2 were in the tail; 16 tumors were well differentiated, 47 were moderately
differentiated, and 15 were poorly differentiated. Of the patients, 25 (32%) had stage | or Il
cancer and 53 (68%) had stage Il or IV disease.

Immunohistochemical Results

The immunohistochemical results are summarized in Table 1, Image 1A, Image 1B, Image
1C, Image 1D, Image 1E, Image 1F, Image 1G, Image 1H, Image 1I, and Image 1J (Images
1K and 1L are the relative controls). Elevated IKKze reactivity (immunohistochemical score,
4-9) was observed in 64% of the PDAs (50/78) but in 0.0% of NMPs (0/113), a difference
that was statistically significant (P < .001). Low IKKze positivity (immunohistochemical
score, 1-3) was seen in 35% of PDAs (27/78) and in 80 (70.8%) of 113 NMPs. This
difference was also statistically significant (P <.001). Only 1 (1%) of 78 PDAs but 33
(29.2%) of 113 NMPs were IKKe—- (P =.002). These data indicate that the increased
expression of IKKze is a frequent event in PDAs and suggest that IKKe could have an
important role in pancreatic carcinogenesis.

IKKe Correlation With Clinicopathologic Features

We examined the relationships between overexpression of IKKe and tumor grade and stage.
Statistical analysis showed no significant differences of IKKe immunohistochemical scores
between tumor stage and grade (P = .562 and P = .865, respectively) Table 2. Actually, the
frequency of IKKe overexpression seems to be higher in low-grade and early-stage than
high-grade and late-stage tumor, suggesting that IKKe might involve tumor initiation rather
than progression.

To study whether IKKe is a prognostic factor for pancreatic cancer, we correlated IKKe
expression in tumors with a median follow-up of 12.7 months after pancreatic cancer
surgery. In our patient cohort (n = 78), all had complete follow-up information. We found a
strong association between IKKe and survival. A multivariate Cox proportional hazards
model with the following variables was used to analyze their simultaneous association with
OS: age, sex, grade, and IKKe expression. As shown in Table 3, IKKe expression is an
independent predictor with a hazard ratio of 2.030 (95% confidence interval, 1.089-3.782)
and a P value of .026. Furthermore, Kaplan-Meier analysis of OS revealed that patients with
high IKKe immunohistochemical scores (4-9) had a significantly shorter survival than did
patients with low IKKe immunohistochemical scores (0-3) Figure 1. Median survival time
was also significantly different between IKKe+ (12.70 months) and IKKe— (25.77 months)
cases (P =.023; log-rank test), suggesting that IKKe could be a strong prognostic marker in
PDA.
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Discussion

In this study, we demonstrated the frequent overexpression of IKKe (~54%) in PDAs. IKKe
has recently been shown to be an oncogene that is frequently overexpressed in carcinoma of
breast and ovary.19-21 This is the first report of IKKe expression in human pancreatic
cancer. Furthermore, we report a statistically significant correlation between an IKKe
immunohistochemical score of more than 3 with worse survival, which is independent of
tumor grade and stage.

Oncogenes, tumor suppressor genes, stromal components, and apoptotic molecules may be
altered during the progression from normal to cancerous pancreas. Mutations and/or
overexpression of p53 have been reported to occur in 54% to 73.5% of PDAs, depending on
negative or positive smoking history, respectively.34 CD44 standard and variants 3, 4, and 6
have been found to be overexpressed in pancreatic tumor cells and predict decreased patient
survival.>® Lysosomal cathepsins, laminin receptors, urokinase plasminogen activator, and
its receptor have been linked to the metastatic potential of pancreatic cancer cells.”-8
Recently, it has been shown that the use of cathepsin protease and/or urokinase plasminogen
activator receptor inhibitors negatively affects proliferation and migration of pancreatic
adenocarcinoma cells.®-19 Proapoptotic and antiapoptotic proteins (Bax, Bcl-2, Bel-XL, and
c-FLIP) also have a role in pancreatic carcinogenesis.1112 The tumor suppressor gene DPC4
has been reported to affect the behavior of primary carcinomas and the progression of
pancreatic neoplasia.13 Furthermore, aberrant expression of growth factors and of cell
receptors has been described in pancreatic cancer.14-17 Remarkably, K-ras oncogene
mutations have been observed in 80% of PDAs.18

Herein we report the overexpression of IKKe as an additional alteration with a role in the
progression from normal pancreatic ductal epithelium to pancreatic ductal carcinoma. IKKe
is a member of the IKK family, consisting of IKKa, IKKp, IKKy, IKKe, and TBK1. Of
these, only IKKa and IKKp were found to be involved in pancreatic carcinogenesis by
modulating the NF-B pathway and apoptosis.22-2% Furthermore, decreased signaling via
the IKKB/NF-xB pathway was found to result in decreased expression of angiogenesis- and
chemotaxis-related factors.30 However, alterations of IKKa and IKKp at protein levels have
not been reported. IKKe has recently attracted intense interest because it locates on
chromosome 1g32.1, a region commonly undergoing amplification in human cancers.3! The
1g32.1 amplifications involving the IKKe gene occur in as many as 16.3% of breast cancers
and 20% of ovarian cancers.29-21 But the frequency of elevated IKKe at the protein level is
much higher than its DNA amplification in these 2 diseases, suggesting the deregulation of
IKKze is at the transcriptional and/or at the translational level 2021 Although amplification of
chromosome 1g32.1 is not common in pancreatic cancer, a recent study shows one of the
PDA susceptibility loci is on chromosome 1g32.1 that harbors NR5A2. Five highly
significant single nucleotide polymorphisms were found in this locus.3! It is unknown
whether these single nucleotide polymorphisms affect IKKe expression. Future study is
required to determine the mechanism of overexpression of IKKe in PDAsS.

The data obtained from breast cancer have implied that alterations of IKKe might be an
early event in the development of some breast cancers because amplification of this locus
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was observed in 4 of 10 ductal carcinomas in situ.1%:32 However, a recent study of ovarian
cancer showed that an elevated level of IKKe could be associated with late-stage and high-
grade tumor.20 Because the frequency of overexpression of IKKze is slightly higher in early-
stage and low-grade PDASs (Table 2), IKKe may involve tumor initiation of PDA. However,
an increase of IKKze is significantly associated with poor overall survival (Figure 1),
suggesting that IKKe is an unfavorable prognostic marker in PDA.

In the present study, we demonstrated increased expression of IKKe in human primary
pancreatic cancer. It is interesting that we found the aberrant expression of IKKe was not
significantly different among tumor stages and grades. Furthermore, patients with pancreatic
cancer with low levels of IKKe have a better outcome than do patients whose tumors
express elevated levels of IKKe, regardless of tumor stage. Based on these findings, IKKe
may exert an oncogene role in PDA.
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Upon completion of this activity you will be able to:
« define the function of I1xB kinase (IKK)-¢ in pancreatic cell proliferation.
e summarize the role of IKK-¢ in pancreatic cancer progression.

» assess the role of IKK-¢ as a marker of tumor response to therapy.
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Figure 1.
Poor overall survival in patients with elevated levels of I-x-B kinase ¢ (IKKe) expression.

Overall survival in patients with high levels of IKKe (n = 41) vs the remaining patients (n =
37) was plotted by the Kaplan-Meier method. Statistical comparison of survival between
groups with the log-rank statistic analysis suggests that patients whose tumors express
elevated levels of IKKe had poor survival compared with patients with low levels of IKKe
(P =.023). The median survival times were as follows: low IKKe group, 25.77 months; high
IKKe group, 12.70 months.
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Image 1.

A pancreatic ductal adenocarcinoma (PDA) exhibiting strong and diffuse cytoplasmic
positivity for I-x-B kinase & (IKKg) immunohistochemical (IHC) score, +9 (A, H&E x400;
B, IHC, x400). A PDA with weak cytoplasmic IKKe expression, immunohistochemical
score, +3 (C, H&E, x400; D, IHC, x400). E and F, A NMP showing weak IKKze staining of
the benign ductal epithelium (immunohistochemical score, +3) (arrow) (E, H&E, x400; F,
IHC, x400).
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K and L, The positive control sample (MCF7 cells constitutively expressing IKKe) is shown
in K (x400), and in L is the negative control sample (in which the IKKe antibody was
omitted during the primary antibody incubation step; x400).

(G, H&E, x400; H, IHC, x400; I, H&E, x400; J, IHC, x400).
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Table 1

Expression of IKKe in PDA

IKKe Expression PDA NMP P

High (4-9) 50
Low (0-3) 28
Total 78
Positive (1-9) 77
Negative (0) 1

Total 78

0

113 .001
113

80

33 .002
113

IKKe, I-x-B kinase €; NMP, nonneoplastic pancreatic ductal epithelium; PDA, pancreatic ductal adenocarcinoma.
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Table 2

IKKe Expression in PDA: Correlation With Clinicopathologic Features

IKKe Expression

No. of No. (%) of

Variable Low/No  High/Moderate P
Stage
111 (n = 25) 12 13 (52) 62
HI/IIV(n=53) 26 27 (51)
Grade
1(n=16) 8 8 (50)
2(n=47) 21 26 (55) 865
3(n=15) 8 7(47)

IKKe, I-x-B kinase €; PDA, pancreatic ductal adenocarcinoma.
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Table 3

Multivariate Analysis of Overall Survival of PDA Cases Studied

Variable Multivariate Analysis* P
Sex, Mvs F 1.688 (0.874-3.259) 119
Age, >55 vs <55 y 1.141 (0.524-2.481) 741
Grade, I11/1V vs I/11 1.604 (0.881-2.391) 143
IKKze, positive vs negative  2.030 (1.089-3.782) .026

IKKze, I-x-B kinase &; PDA, pancreatic ductal adenocarcinoma.

*
Data are given as hazard ratio (confidence interval).
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