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Abstract: The role of nuclear factor (NF)-kBp65 pathway in the pathogenesis of follicular thyroid carcinoma (FTC) has
not been fully investigated. We retrieved 10 cases of FTC from our file. Tissue microarrays (TMAs) were constructed
using 2.0 mm cores from formalin-fixed, paraffin-embedded tissue blocks. TMA sections were immunohistochemically
stained for phosphorylated (p)-NF-kBp65 (Ser 536), cyclooxygenase-2 (COX-2), IL-8, and glutathione S-transferase
(GST)-pi. Staining intensity (0-3+), extensiveness (0-100%) and subcellular compartmentalization were evaluated.
Both nuclear and cytoplasmic immunoreactivities with p-NF-kBp65 (Ser 536) antibodies were observed in all 10
cases, including moderate to strong nuclear staining intensity with a range of extensiveness in 20% - 100% of tumor
cells. Moderate (2+) or strong (3+) cytoplasmic expressions of COX-2 and IL-8 were present in 60-100% and 50-
100% of tumor cells, respectively, in all cases. GST-pi was diffusely (70-100%) and moderately or strongly staining the
tumor cytoplasm in all cases (except one case with insufficient tissue) with three of them demonstrating nuclear posi-
tivity as well. Morphoproteomic analysis reveals the constitutive activation of the NF-kBp65 pathway in follicular thy-
roid carcinomas as evidenced by phosphorylation at Ser 536 with nuclear translocation and with correlative expres-
sion of transcriptionally activated gene products (COX-2, IL-8, and GST-pi). This observation may provide a molecular

basis for the tumor biology and targeted therapies for follicular thyroid carcinoma.
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Introduction

Follicular thyroid carcinoma (FTC) is the second
most common thyroid cancer. Distant metasta-
ses have been reported in up to 20% of patients
at presentation [1], which is one of the main
factors negatively affecting survival of patients
with FTCs [2]. 131] therapy is the choice of the
treatment for the distant metastases while the
chemotherapeutic agents presently available
are of limited benefit and cause significant mor-
bidity [3]. However, sometimes metastases per-
sist despite administration of radioiodine be-
cause of the decrease in iodine uptake by the
tumors. Therefore, effective therapeutic modali-
ties are being continuously sought. Combination
therapy including targeted therapies may be an
effective strategy against FTC. However, signal-
ing pathways involved in the tumorigenesis and
progression of this carcinoma have not been
fully investigated.

Among cancer signaling pathways, the nuclear
factor-kB (NF-kB) pathway has been increasingly
studied and its activation has been reported in
a variety of malignant neoplasms [4-6]. More-
over, some studies have indicated that the in-
creased NF-KB activity at least partly reinforces
the intrinsic chemo- and/or radio-resistance [7].
Therefore, the inhibition of NF-kB pathway could
be a potential novel therapeutic approach. How-
ever, to date, there are only few studies of NF-
kB pathway in FTC published in the literature.
These studies were limited to a few genes and
their products and most of them were in vitro
experiments or using animal models [8-11].

Now, it becomes more desirable than ever to
define the role of NF-kB pathway in FTC be-
cause several inhibitors for the NF-kB pathway,
as potential pharmaceutical agents, have re-
cently been identified and utilized in clinical or
preclinical studies including thyroid carcinomas
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using cultured cells and animal models [9, 10].

The activation of NF-kB signaling results in anti-
apoptosis, proliferation, angiogenesis and in-
flammation by inducing the production of in-
flammatory factors in neoplasms [12, 13]. The
inflammation further amplifies NF-kB signaling
through autocrine signaling [14, 15]. Among the
inflammatory factors induced by NF-kB are
cyclooxygenase-2 (COX-2) [16], interleukin (IL)-8
[13, 17], and glutathione S-transferase (GST)-pi
[18].

COX-2 is clearly at the center of inflammatory
process. It is an enzyme that catalyzes the pro-
duction of a series of prostaglandins from ara-
chidonic acid, involving tumorigenesis, tumor
progression and chemoradioresistence. COX-2
is a common and key target of non-steroidal
anti-inflammatory drugs (NSAIDs). It has been
demonstrated that NSAIDs block tumor promo-
tion and tumor progression [4]. Because thera-
peutic agents that inhibit COX-2 are currently
available and could play a role in treatment,
extensive studies in this area have been con-
ducted. In addition, some of COX-2 inhibitors
(e.g., celecoxib) have demonstrated dural inhibi-
tion effect on both COX-2 and NF-kB pathway
[19, 20]. COX-2 overexpression has been ob-
served in numerous neoplasms including FTCs
[21, 22]. However, to our knowledge, studies
linking NF-kB and COX-2 in FTCs have not been
reported.

Interleukin-8 (IL-8), a member of the CXC
chemokine family, was initially identified as a
neutrophil chemoattractant. Growing evidence
suggests that IL-8 plays critical roles in the
pathogenesis of a variety of cancers, including
enhancing angiogenesis and promoting tumor
growth and metastasis [23-25]. However, to our
knowledge, the study of IL-8 on FTC tissue has
not been reported in the literature.

GST-pi is one of the cytosolic isoforms of GST
enzymes. Its overexpression is correlated to
carcinogenesis and chemoresistance in cancer
cells. Overexpression of GST-pi has been found
in many human tumors, such as carcinoma cells
of prostate, lung, colon, breast, stomach, ovary
and head and neck, cholangiocarcinoma, CNS
tumors, hematopoietic malignancies and sar-
coma while this protein in the corresponding
normal tissues is either absent or expressed at
very low levels, which indicates the role of GST-
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pi in carcinogenesis [26-35]. Moreover, GST-pi
plays an important role in detoxification of xeno-
biotics; however, it also allows the development
of resistance to chemotherapy [32, 35-37]. Al-
though GST-pi has been extensively studied on
a variety of other malignant neoplasms, to our
knowledge based on a review of the Medline
data base, the expression of GST-pi in FTC has
not been reported.

Morphoproteomics utilizes immunohistochemi-
cal staining methods to identify the expression
of protein analytes in signal transduction path-
ways in lesional tissue. It relies on the use of
phosphospecific probes directed against puta-
tive sites of activation of molecules, subcellular
compartmentalization, and/or correlative ex-
pressions of protein analytes to assess the con-
stitutive activation of cell signaling pathways
[38].

In this study, we investigated the role of NF-
KBp65 and its downstream products including
COX-2, IL-8 and GST-pi in FTC using morphopro-
teomics in an attempt to study the NF-kB signal-
ing transduction pathway and to expose poten-
tial therapeutic targets.

Materials and methods

We searched our file and found 10 thyroidec-
tomy specimens for FTC from 10 different pa-
tients. None of these patients had preoperative
treatment for the thyroid tumors. This study pro-
tocol was approved by the Institutional Review
Board of the University of Texas Health Science
Center at Houston.

Immunohistochemical staining

Tissue microarrays (TMAs) were constructed
using 2.0 mm cores from formalin-fixed, paraf-
fin-embedded tissue blocks. Immunohistoche-
mial stains were performed on unstained sec-
tions of 4 um thickness. Four primary antibodies
were employed: p-NF-kBp65 (rabbit monoclonal
antibody) using a phosphospecific probe di-
rected against Serine 536, a putative site of
activation (dilution 1:50, Cell Signaling Technol-
ogy, Beverly, MA), cyclooxygenase-2 (COX-2)
(mouse monoclonal antibody, dilution 1:500,
Leica Biosystems Newcastle Lld, Newcastle
Upon Tyne, UK), IL-8 (mouse monoclonal anti-
body, dilution 1:50, R&D Systems, Inc., Minnea-
polis, MN), and glutathione S-transferase (GST)-
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pi (rabbit polyclonal antibody, dilution 1:800,
BioGenex, San Ramon, CA).

We used a semiautomatic method for p-NF-
kBp65. Paraffin-embedded tissues were sec-
tioned and placed on glass slides, and dried at
60°C for 1-2 hours. Then, they were deparaf-
finized and underwent antigen retrieval. Slides
were placed in a 1x solution of citric acid (DAKO
S$1699) and heated in a Pascal pressure cooker
(125°C, 10 min, 25 psi) until the solution
reaches boiling, followed by a 20 min cooling
period outside the pressure cooker. The slides
were then placed in 0.05 M Tris-HCI, 0.05%
Tween-20 (TBST buffer) for 5 min (Tris-HCI in
packs from Dako Cytomation, Tween-20 from
EM Science). The tissue was then treated with
3% H202 (McKesson General Medical) for 5 min,
and then rinsed with TBST buffer. A few drops of
diluted normal blocking serum (Vectastain Kit,
Vector Laboratories) were placed on the tissue
and incubated at room temperature for 1 hour.
The serum was then carefully blotted off and
the slides were incubated with primary antibody
overnight at 4°C. The following day, the tissues
were rinsed well with TBST buffer for a mini-
mum of 5 min. The rest of the staining proce-
dure took place on a DAKO Autostainer. The
machine was programmed to treat each slide
with diluted biotinylated secondary antibody
solution (Vectastain Kit) for 30 min. The slides
were rinsed with TBST buffer and incubated
with Vectastain Elite Antigen Binding Complex
Reagent (Vectastain Kit) for 30 min. The slides
were rinsed with TBST buffer and incubated
with DAB solution (3,3-diaminobenzidine chro-
mogen solution, DAKO K3468) for 10 min. The
slides were then removed from the autostainer
and rinsed with distilled water. They were then
counterstained with Hematoxylin, dehydrated,
treated with xylene and coverslipped.

We used an automatic stainer for COX-2, IL-8,
and GST-pi. Citrate and EDTA were used for anti-
gen retrievals for COX-2 and IL-8, respectively.
No antigen retrieval was conducted for GST-pi.
Incubation times for COX-2, IL-8 and GST-pi
were 30 min, 30 min, and 120 min, respec-
tively. PowerVision™ (ImmunoVision Technolo-
gies Co., Daly City, VA, USA) detection system
was used. The remaining procedures were simi-
lar to those for p-NF-kBp65 (Ser 536).

Assessment of immunohistochemical staining
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Chromogenic signal and subcellular expression
pattern were assessed by bright-field micros-
copy. Both staining intensity and extensiveness
(percentage of positively stained tumor cells)
were evaluated for p-NF-kBp65 (Ser536), COX-
2, IL-8 and GST-pi. The staining intensity was
graded as negative (0), weak (1+), moderate
(2+), and strong (3+). The staining extensive-
ness was the percentage of tumor cells posi-
tively stained with a range from 0% to 100%.
The subcellular expression pattern was evalu-
ated and characterized as: nuclear, cytoplasmic,
or plasmalemmal locations. The sections were
semiquantitatively assessed by the authors.

Results

Both nuclear and cytoplasmic immunoreactivi-
ties with antibodies against p-NF-kBp65 (Ser
536) were observed in all 10 cases, including
moderate to strong nuclear staining intensity
with a range of extensiveness from 20% to
100% of tumor cells. Moderate or strong cyto-
plasmic expressions of COX-2 and IL-8 were
present in 60% to 100% and 50% to 100% of
tumor cells, respectively, in all cases. GST-pi
diffusely (70% to 100%) and moderately or
strongly stained the tumor cytoplasm in all
cases (except one case with insufficient tissue)
with 3 cases demonstrating nuclear positivity as
well. The details of the staining results are dem-
onstrated in Table 1. Examples of these cases
are shown in Figure 1.

Discussion

This study demonstrates the constitutive activa-
tion of NF-kBp65 in follicular thyroid carcinomas
(FTCs) as evidenced by phosphorylation at Ser
536, nuclear translocation and correlative ex-
pressions of its transcriptionally activated gene
products (proteins) including COX-2, IL-8, and
GST-pi.

NF-kB is a key regulator of genes involved in
carcinogenesis via regulating gene expression.
It is normally retained in the cytoplasm in an
inactive state through association with IkBs, its
inhibitory proteins. The pathway becomes active
when, in response to NF-kB-activating agents,
IkBs dissociate thereby allowing nuclear translo-
cation of NF-kB. The phosphorylation of NF-
KBp65 at serine 536 and its nuclear transloca-
tion create an opportunity for the tumor cells to
form p-NF-kB65-DNA complexes leading to tran-
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Table 1. Immunohistochemial expressions of NF-kB, COX-2, IL-8 and GST-pi

NF-kB COX-2 IL-8 GST-pi
Cases Cytoplasm Nucleus Cytoplasm Cytoplasm Cytoplasm Nucleus
Intensity Extent Intensity Extent Intensity Extent Intensity Extent Intensity Extent (%) Intensity Extent (%)
(%) (%) (%) (%)
1 1-2+ 100 2-3+ 60 3+ 100 2+ 50 3+ 100 2+ 100
2 2+ 100 2-3+ 100 2+ 80 2-3+ 80 2-3+ 90 - -
3 1-2+ 100 2+ 100 3+ 100 3+ 90 2-3+ 100 - -
4 1+ 100 2+ 20 3+ 100 2+ 100 2+ 100 - -
5 1+ 100 2+ 40 3+ 100 2+ 100 3+ 100 - -
6 1-2+ 100 2-3+ 100 2-3+ 90 2+ 100 2-3+ 100 - -
7 1-2+ 100 2+ 100 3+ 100 2+ 80 3+ 100 3+ 100
8 1+ 100 2+ 100 2+ 60 2+ 100 3+ 100 - -
9 1+ 100 2+ 20 2-3+ 100 2+ 100 2+ 70 3+ 70
10 1+ 100 2+ 100 2-3+ 100 3+ 100 insufficient insufficient insufficient  insufficient

-: negative; +: positive
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Figure 1. In follicular thyroid carcinoma, expressions of p-NF-kBp65 (Ser 536) in both nucleus and cytoplasm (A), COX-

2 in cytoplasm (B), IL-8 in perinuclear cytoplasm

(immunohistochemical stains, x400).

scriptional activation. In the nucleus, NF-kB acti-
vates the expression of genes involved in in-
flammation, immune response, cell proliferation
and resistance to apoptosis and promotes tu-
mor metastasis and angiogenesis [12, 39].
Pacifico and coworkers found that the increased
nuclear localization of NF-kB correlated with the
increased malignant phenotype of thyroid can-
cers whereas no nuclear staning was detected
in normal thyroid follicular cells and that 50%
follicular carcinoma cells showed their nuclei
stained for NF-kB [7]. Therefore, the demonstra-
tion of NF-kBp65, phosphorylated on serine 536
and translocated to the nucleus in our present
study confirms the activated state of NF-kBp65
in FTCs.

Because COX-2, IL-8 and GST-pi are induced by

the activated NF-kB, the overexpressions of
these markers can be considered as further
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(C) and GST-pi in both nucleus and cytoplasm (D).

indicators of NF-kB activation [16-18].

COX-2 expression in FTCs has been evaluated
by previous studies using immunohistochemis-
try and Western blot assay. COX-2 overexpres-
sion was found in FTCs with a range from 26%
to 100% while its expression was not seen or
was at a lower level in normal thyroid tissue [40-
43]. Additionally, the study by Haynik et al indi-
cated that the immunohistochemical expression
of COX-2 might correlate with increased tumor
recurrence and death [22]. Elevated tumor COX-
2 gene has been found to be associated with
increased angiogenesis, tumor invasion and
anti-apoptosis [44], which are coincide with the
effects of NF-kB activation and, therefore, sup-
port the concept of NF-kB activating COX-2 gene
[16]. Because the COX-2 gene is strongly in-
duced by NF-kB, one would speculate a link be-
tween NF-kB activation and COX-2 protein ex-
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pression. Our current observation not only con-
firms the overexpression of COX-2 protein in
FTCs as reported in the literature [21, 22] but
also demonstrates for the first time concomitant
expressions of p-NF-kB65 and COX-2, support-
ing a link between the activated NF-kB and COX-
2 in FTCs.

The expression of IL-8 shown in the current
study is the first observation reported in FTC
tissue. Although there are no previous studies
on FTC tissue as comparison, this finding is sup-
ported by the study of serum IL-8 in thyroid dis-
eases. Kobawala et al found that serum IL-8
levels were not only significantly higher than
healthy individuals but also significantly posi-
tively correlated with the stage in thyroid cancer
patients [45]. The concomitant expression of
phosphorylated NF-kBp65 at serine 536 in the
nuclear location of FTC in our current study sug-
gests the connection between the activated NF-
kB and IL-8. This is in accordance with previous
studies that showed IL-8 upregulated by NF-«xB
in several other malignancies [46, 47]. There-
fore, IL-8 overexpression may be another indica-
tor for the activation of NF-kB pathway in FTC.

Finally, literature data have consistently shown
that NF-kB is one of the key regulators for GST-
pi gene expression via binding on the GST-pi
promoter, i.e. the NF-kB binding activates GST-
pi gene expression [18]. This conception is fur-
ther suggested by the finding that NF-«kB inhibi-
tion reduces GST-pi expression [48]. Therefore,
the concomitant expression of p-NF-kBp65 and
GST-pi in the present study supports the activa-
tion of NF-kB pathway in FTC. In addition to be
an indicator of NF-kB pathway activation, the
expression of GST-pi, especially nuclear expres-
sion suggests the chemoresistence in cancer
cells [18, 49, 50]. Accordingly, in the current
study, the expression of GST-pi, especially the
nuclear localization, may be a potential evalua-
tion factor for drug resistance in FTC.

In conclusion, this study demonstrates the con-
stitutive activation of NF-kBp65 and concomi-
tant expressions of its downstream effectors
including COX-2, IL-8 and GST-pi in FTC histology
tissue sections. Therefore, the results provide
correlates to confirm the activation of the NF-kB
pathway. This is the first time demonstrating the
expressions of IL-8 and GST-pi and concomitant
expressions of COX-2 and p-NF-kBp65 (Ser 536)
in FTC. The findings may provide insight into the
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tumor biology and molecular basis for chemore-
sistence and potential therapeutic targets in
follicular thyroid carcinoma.
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