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Cross-talk between NO and HMGBI1 in lymphocytic
thyroiditis and papillary thyroid cancer
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Abstract. The controversy on whether or not inflammatory
infiltrates in chronic lymphocytic thyroiditis predispose to
cancer, has now merged into a debate over the role of the
inflammatory infiltrates. The question is how and why
some cells become transformed and what factors allow
them to spread and in some cases become invasive. Here,
we show that the amount of inflammatory mediators such
as nitric oxide (NO) and high mobility group Box 1
protein (HMGB1) produced in thyroiditis microenvironment
increases in tumors and could be involved in the cellular
transformation process. NO and HMGBI1 are known to
attract macrophages that would promote angiogenesis,
matrix remodelling and suppression of an efficient immune
response. Inflammatory infiltrates could increase the risk of
papillary cancer in patients with autoimmune lymphocytic
thyroiditis. Cytokines and soluble inflammatory mediators
involved in cancer-related inflammation are not only a target
for innovative diagnostic and therapeutic strategies but they
also represent a future challenge for oncologists.

Introduction

The frequent transition from chronic thyroiditis to papillary
cancer has been our interest for several years (1). It is known
that submicroscopic foci of papillary carcinoma exist in lym-
phocytic thyroiditis although their behaviour is not invasive.
On the other hand, some microscopic papillary carcinomas
show a metastatic phenotype. In this setting autoimmune
thyroiditis and papillary cancer have provided a useful model
with which to examine interactions between cancer and the
immune system (2).
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We have recently demonstrated (3) that peripheral lym-
phocytes (type Tcl and Tc2) infiltrate thyroids in autoimmune
thyroiditis and in most papillary carcinomas. Whether these
infiltrates occur before or after thyroiditis is not yet clear.
Direct cytotoxicity, secretion of cytokines and high concen-
trations of NO, suppress the ‘protective’ immune process and
promote dangerous mutations that could lead to cancer (4).
As well as the above immune mechanisms, a central role has
been given to the de-repression of tumor suppressor genes or
oncogenes or to transduction or transcription factors (5). NO
plays a role in inflammation-associated carcinogenesis by
direct modification of DNA and inactivation of DNA repair
enzymes (6). NO is synthesized by three synthase isoforms
(NOS), each produced as a separate gene product, eNOS
and nNOS are constitutively expressed and produce low
levels of NO while iNOS is expressed only after induction
by cytokines or other inflammatory products and produces
high amounts of NO (7,8). A microenvironment rich of NO
and HMGBI1 has been demonstrated in colon cancer and
could contribute to cellular transformation (9).

HMGBI1 is a nuclear protein linked to DNA that helps
the binding of proteins like p53 at their chromatin sites
(10). HMGBI is ubiquitously expressed in vertebrate nuclei
and has been implicated in a variety of biologically important
processes, including transcription, DNA repair, differentiation,
development and extracellular signalling. In certain cell
types this protein has been observed at the cell surface where
it has been reported to contribute to cellular migration and
tumor invasion. HMGBI is passively secreted by necrotic
cells thereby, recalling inflammatory cells. By contrast, in
apoptotic cell death, HMGBI1 is sequestered in the nucleus,
even when the integrity of the plasma membrane is lost.
In the light of this evidence HMGBI can be regarded as a
critical stimulus of inflammation at the site of cell injury and
is capable of affecting the host inflammatory response. In
inflammatory sites, monocytes and macrophages secrete
HMGB1 without dying. This happens through active trans-
portation from the nucleus to cytoplasmic organelles, where
it is acetylated and then secreted in the extracellular spaces.
Extracellular HMGB1 activates various receptors including
RAGE, a member of the Ig superfamily and TLR 2 and 4.
This induces the production of several cytokines and co-
stimulatory molecules even in presence of damaged cells,
not necessarily in inflammatory sites.
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Table I. Patient characteristics.
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Thyroiditis only
No. of patients Cancer Grade 2 Grade 3 Multinodular goiters Total
Female/Male 42/18 35/5 24 17 7/3 84/26
110
Median age 58 52 55
pT1INxMx 8/7 15
pT2NxMx 18/4 22
pT3NxMx 16/7 23

HMGBI is an important mediator of late inflammation
and can cause inappropriate induction of proinflammatory
genes in tumor and stromal cells. Among these, NF-xB is
abnormally expressed in many malignancies and extensively
investigated because of its role in tumorigenesis (11). NF-xB
has been identified as a potential molecular bridge between
inflammation and cancer (12). Our interest is the role played
by the microenvironment in the frequent transition from a
chronic inflammation represented by lymphocytic thyroiditis
to papillary cancer.

Materials and methods

Sample collection and culture of cells. This study included
110 patients (Table I) who underwent thyroidectomy for
a suspected lymphocytic thyroiditis or a preoperative diag-
nosis of thyroid cancer, by fine needle aspiration cytology
(FNA). Patients with Graves disease were excluded from
the study.

The 40 patients with lymphocytic thyroiditis had elevated
antiperoxydase titer (anti-TPO >150 U/ml). Thyroiditis was
graded on morphological features of cytological material
according with Bhatia et al (13), subsequently confirmed by
histology. Briefly, there were 4 grades: grade 0 in which
lymphoid cells were absent, grade 1 with few lymphoid cells
infiltrating the follicles, grade 2 with moderate lymphocytic
infiltration, presence of Hurtle cells and anisonucleosis and
grade 3 with germinal centre formation and severe
thyreocyte depletion. On examination, while performing
FNAC, 35 of this group of patients had diffuse goiter and 5
had nodular goiter. All patients with thyroiditis experienced
hypothyroid symptoms. Papillary cancer was diagnosed in
60 patients. This group of patients had TPO <90 U/ml.
Standard histology and where required, galectin 3 and
HBMEI expression, confirmed the diagnosis (14) and
allowed us to exclude from this study all those patients who
had both thyroiditis and papillary cancer. Ten patients with
multinodular goiter and TPO <90 U/ml were included in the
study as negative controls. All patients were informed and
agreed to participate in our study, in accordance with our
institution ethical standards.

Small fragments of the nodules were collected from fresh
samples and thyreocytes were obtained by cutting and several

passages through fine meshes and needles. Cells were
cultured for 24 h in RPMI at 37°C, 5% CO,. Where required,
40 nM HMGBI1 (Sigma) or 2 mM natrium nitroprusside
(Sigma) was added to the cultures. Natrium nitroprusside
was used as nitric oxide donor. Cell viability, checked by
Trypan blue exclusion test, was always between 95-98%.
Cell purity was assessed randomly by spotting 200 p1 of cell
suspension on a glass slide and staining with May Grunwald
Giemsa. Cell populations were mainly made up of thyreo-
cytes (80%). Controls (CTRL) were obtained from multi-
nodular goiters and where possible from controlateral lobes
with negative hystology for both thyroiditis and cancer.

Whole cell lysates from cancer patients (15 of the
pT2NxMx group and 10 of the pT3NxMx group) were
selected for the NF-xB expression.

At the end of incubation time, supernatants were collected
for the nitrite assay, while cell pellets were lysed for Western
blot analysis.

Cell lines. The Jurkat cell line is a well established human
leukemia T cell line used as a positive control for the NF-xB
Western blot analysis.

Nitrite assay. To assess the amount of NO produced by
the cells the concentrations of the stable end nitrite products
in the culture supernatants were measured by the Griess
reaction microassay as previously described (15). In brief,
an equal volume of the Griess reagent was added to 100-u1
aliquots of culture medium and incubated for 10 min at
room temperature. Optical densities were measured at
550 nm by a microplate photometer (Bio-Rad 550 micro-
plate reader, Hercules CA). A standard curve was made
by serial dilutions (0.5-50 yM) of NaNO;. Reagent blanks
were prepared for each assay by adding 100 ul of culture
medium to the Griess reagent. A correction of the absor-
bance was made for each sample by subtracting the readings
of the blank to the readings of the sample. Each assay was
performed in triplicate. The minimum detectable amount
of nitrites was 5 yM. Intra- and interassay coefficients of
variation were <10%. Protein concentration of the cell
culture was determined using a Bradford protein assay
(Bio-Rad laboratories) with bovine serum albumine (BSA-
Sigma Aldrich, St. Louis, MO) as standard.
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Western blot analysis. Whole cell lysates, were separated
on 7.5% SDS-polyacrylamide electroforesis gel for iNOS
analysis on 15% for HMGBI1 and on 10% for NF-kB.

Samples were heat-denaturated for 5 min, loaded on
standard Tris-HCI polyacrylamide gel and run on ice at 40 V
for the stacking gel and 80 V for the running gel. Proteins
were transferred to a PVDF membrane (Bio-Rad, Hercules),
previously activated in 100% methanol for 15 sec and then
washed in blotting buffer for 15 sec. The membrane was
blocked in TBS-T and 5% albumin for 1 h, probed overnight
at 4°C with a specific primary antibody. The proteins were
detected at 4°C by the specific antibody (monoclonal Anti-
iNOS by Santa Cruz Biotechnology, Santa Cruz, CA);
monoclonal anti-HMGB1 by Sigma) and polyclonal rabbit
anti-NFkB p50 and p65 (Upstate, Lake Placid, NY). One
hour after adding the antibodies, the membrane was washed
with TBS-T and incubated with anti-mouse IgG peroxidase-
conjugated secondary antibodies (1:10000 Sigma) for 1 h
at room temperature. The signal was detected by auto-
radiography (Kodak Biomax Light Film Sigma-Aldrich)
using Chemiluminescent Peroxidase Substrate kit (Sigma-
Aldrich), then quantified by densitometric analysis using
a software (Quantity-One, Bio-Rad).

Immunohistochemistry and result evaluation. Sections (3 ul)
of all excised samples were used for standard histology.
Sections (5 ym) from the same paraffin-embedded blocks
were rehydrated and immunolabelled with anti-iINOS mono-
clonal antibody (RD system). Immuoreactivity was indepen-
dently assessed by two of the authors (Leopizzi and Della
Rocca), the results were compared and an agreement was
reached on conflicting evaluation. The intensity of cyto-
plasmic staining was graded from O to 3 as follows: grade
0, absence of staining; grade 1, faint staining (requiring high
power assessment); grade 2, moderate staining (easily
appreciated at low power); and grade 3, intense staining.
The distribution of positive cells was also graded as follows:
focal staining in <10% of cells; widespread staining in up
to 50% of cells and diffuse staining in >50% of cells.

Statistical analysis. All determinations were carried out
three times. Data are expressed as means + SD. Data were
analyzed by Student's t-test. p<0.05 was considered stati-
stically significant.

Results

NO release in thyroiditis and papillary cancer. Fig. 1 demon-
strates that NO is released in supernatants from controls, thy-
roiditis and cancer cell cultures treated or not with HMGBI.
NO release was maximum in cancer samples treated with
HMGBI1 and followed the same trend in thyroiditis samples
when compared with controls obtained from the healthy
lobes from the same patient. Immunohistochemistry (Fig. 2),
performed in samples from all patients showed that iNOS is
not constitutively expressed in thyroid, its expression becomes
evident in thyroiditis samples and is higher in tumors. Samples
with micro-macro follicular hyperplasia and healthy thyroid
tissues were graded O or 1, while the thyroiditis samples were
all graded 2, in terms of both intensity of staining and
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Figure 1. NO released in supernatants from 24-h cultures of thyreocytes
from controls, thyroiditis and papillary cancer. Each assay was performed
in triplicate. Data are expressed as NO uM per pug of protein. In controls
versus cancer p<0.001; thyroiditis versus cancer p<0.05.

percentage of positive cells. The tumor samples were all
positive, the intensity of staining was 3 for 9 cancer samples
and 2 for 1 sample while the distribution of positive cells
was 3 (diffuse) in all samples.

Expression of HMGBland iNOS in thyroiditis and papillary
cancer. Fig. 3 shows the expression of HMGBI1 in lysates
from thyreocytes in thyroiditis and papillary cancer cultures
with and without treatment with NP. HMGB1 expression is
very low in healthy thyroids, it increases in thyroiditis and
it reaches the highest levels in papillary cancer. HMGBI is
detectable in two isoforms of 28 kDa and the acetylated,
active form of 30 kDa. Addition of nitric acid donor (NP)
to the cultures decreases the expression of HMGBI1 in
both thyroiditis and cancer. The decrease is more evident
in thyroiditis than in cancer.

Fig. 4 shows the expression of iNOS in cancer and
thyroiditis cells treated or not with HMGB1. A remarkable
increase of 4-fold was induced by exogenous HMGBI1 in
thyroiditis compared with the controls.

HMGBI activates NF-xB. In order to assess whether
HMGBI was able to activate NF-kB in papillary cancer cells
we cultured thyreocytes from 10 goiters (CTRL) and from 6
papillary tumors (all from the pT3NxMx group) in the
presence of 40 ng/ml of HMGBI1. Fig. 5 shows that p50
and p65 NF-kB are not detectable in the controls (CTRL)
while they are both expressed in cancer. The addition of
HMGBI1, did not produce any effect in CTRL samples,
whereas in cancer cultures increased the expression of both
NF-xB isoforms. This demonstrates that HMGBI1 is able to
activate NF-xB in tumor cells.

Discussion

There has traditionally been controversy on whether or not
lymphocytic thyroiditis predisposes to or protects from cancer.
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Figure 2. Expression of iNOS in micro-macrofollicular hyperplasia (A and Al; x10 and x40 magnification, respectively), thyroiditis (B and B1) and papillary
cancer (C and C1). The HRP-conjugated anti-iNOS antibody brown stain is particularly evident in the papillary cancer samples. A representative experiment

is shown.
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Figure 3. Expression of HMGBI in cell lysates from controls, thyroiditis and cancer cells cultured with (+NP) and without NP. The HMGB1 acetylated form
is the 30-kDa band. Both bands are more intense in cancer cells than in thyroiditis or controls. The addition of NO donor decreases the intensity of the
bands. Densitometry was performed in all blots and data are expressed in percentage (+ SD). A representative experiment is shown.
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Figure 4. Expression of iNOS in cell lysates from controls, thyroiditis and cancer cells cultured with (+HMGB1) and without HMGB1. iNOS bands of 260 kDa
(dimeric, active) and 130 kDa (monomeric, inactive) are more intense in cancer cells treated with HMGB1. Densitometry was performed in all blots and
data are expressed in percentage (+ SD). A representative experiment is shown.
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Figure 5. Expression of NF-«B in cell lysates from control and tumor cells cultured in presence of HMGBI1 for 24 h. The two isoforms of NF-«xB are evident
exclusively in the cancer lanes. The Jurkat cell line was used as a positive control. A representative experiment is shown. Histograms show the
densitometry of all blots, data are expressed in percentage (+ SD). B-actin expression was used as quantitative control.
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Some clinical studies (16) based on follow-up of patients
and statistical data, show that lymphocytic thyroiditis
may protect patients from developing papillary tumors, or
is associated to a better outcome of the disease (17), while
other authors suggest that chronic inflammation may help
cellular transformation (18). This controversy has now
merged into a new debate over the role of chronic inflam-
mation, which is seen as a cancer risk factor in all tissues.
In some studies autoimmune thyroiditis is seen as a pre-
malignant lesion on the grounds that thyroiditis and
papillary cancer share many genetic features and mutations
in ‘dangerous genes’ like p53 and BCL2. The question is
how and why some cells get transformed and what factors
allow them to spread and in some cases become invasive.
The above results show that in both pathologies, factors
involved in apoptosis and or necrosis are expressed in a
manner that is strictly related to the pathology. In other
words, NO started to be produced in the thyroiditis micro-
environment and then it always increased in the tumours.
These results suggest that chronic inflammation infiltrates
may contribute to the tumor escape from the immune-
surveillance and perhaps drive the tumor transformation
process. Other authors have reported that inflammatory
mediators such as iNOS and COX-2 have been found over-
expressed (19,20) in the microenvironment of lymphocytic
thyroiditis and thyroid tumors indicating that both might
have a role in underlying processes. We added that the
overexpression of iNOS is related to increased NO pro-
duction and that exogenous NO is able to reduce HMGB 1
expression in our experimental model. Other authors (21)
demonstrated that the release of large amounts of NO by
iNOS can inhibit the induction of COX-2. This may be
explained with a differential regulation of these substances,
perhaps due to the changing pattern of cytokines and inflam-
matory molecules during the different phases of inflam-
mation. (22). Moreover, we have shown that HMGBI is
overexpressed in thyroiditis and cancer. Interestingly, exo-
genous HMGBI1 is able to induce iNOS and NO as well
as up-regulation of NF-kB in cancer cells. Therefore, we
can hypothesize that local chronic inflammation in thyroids
may disrupt the cellular epigenetic machinery, thereby, contri-
buting indirectly to neoplastic transformation. HMGB1 has
been studied recently in many solid cancers as it has an
inhibitory effect on the response to cisplatin therapy (23)
and it is chemotactic for macrophages. In our previous
study we demonstrated that Th1 lymphocytes predominate
in autoimmune thyroiditis in both peripheral blood and in
thyroid sites while in infiltrates of papillary tumors there is
a change of T lymphocyte subsets into Th2 that release
IL4. IL4 has been shown to be chemotactic for M2 macro-
phages that promote tumor growth and progression (24)
and for this reason they are targets of new immunotherapies
still under study.

In conclusion, we have shown that NO is not only released
in the thyroiditis microenvironment by inflammatory cells,
but its release increases significantly in papillary cancer
being probably responsible for the release of HMGBI.
HMGBI in turn, is able to activate NF-kB in thyreocytes
from papillary cancer cultures, thereby maintaining peri-
tumoral inflammation.
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