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ABSTRACT

Background. Intercellular adhesion molecule-1 (ICAM-1)
is implicated in carcinogenesis. In this study we examined
the expression of ICAM-1 in papillary thyroid cancer
(PTC). We hypothesized that ICAM-1 correlates with
indicators of tumor aggressiveness in PTC.

Methods. Thirty-five primary and metastatic PTCs, five
follicular adenomas, five Hashimoto thyroiditis, five nodular
hyperplasia, and eight normal thyroid tissue samples were
analyzed for ICAM-1 gene expression using quantitative
reverse-transcription polymerase chain reaction (RT-PCR).
ICAM-1 gene expression was analyzed at protein level by
immunohistochemistry (IHC) using a semiquantitative score.
Gene expression and intensity levels were correlated with
markers of tumor aggressiveness including BRAF V600E
mutation, tumor size, extrathyroidal extension (ETE), angi-
olymphatic invasion, and lymph node metastasis.

Results. ICAM-1 gene expression was higher in PTC
(p = 0.01) and lymph node metastases (p = 0.03) when
compared with benign tumors and Hashimoto’s. Further-
more, PTCs exhibiting BRAF V600E mutation (p = 0.01),
ETE (p < 0.01), and lymph node metastasis (p = 0.02)
were associated with higher ICAM-1 levels. Gene expres-
sion correlated with protein levels on IHC. Additionally,
poorly differentiated thyroid carcinoma had a higher
ICAM-1 intensity score compared with well-differentiated
carcinoma (p = 0.03).
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Conclusions. ICAM-1 expression is upregulated in papil-
lary thyroid carcinoma. Furthermore, ICAM-1 upregulation
correlated with aggressive tumor features such as BRAF
V600E mutation, ETE, and lymph node metastasis, sug-
gesting that ICAM-1 plays a role in thyroid cancer
progression.

Thyroid cancer is the most frequent endocrine malig-
nancy. First-line therapy is surgery and radioactive iodide
(RAI), when indicated. Unfortunately, 30% of metastatic
thyroid carcinomas are initially resistant to RAI. Moreover,
up to 5% of thyroid carcinomas can progress to recurrent
metastatic RAI-resistant (RAIR) tumors, leading to death
within 5 years.

Rivera et al. characterized the histology of recurrent
metastatic RAIR thyroid carcinoma.' Fifty percent are
poorly differentiated thyroid cancers (PDTC), 23% are
well-differentiated papillary thyroid cancers (PTCs), and
20% are tall cell variant of papillary thyroid carcinoma.
These tumors lose the ability to take up RAI due to
downregulation of the sodium iodide symporter. Conven-
tional treatment is limited for these advanced thyroid
carcinomas, highlighting the importance of searching for
specific biomarkers and developing novel therapies.

Intercellular adhesion molecule-1 (ICAM-1) is a trans-
membrane glycoprotein receptor belonging to the
immunoglobulin superfamily of adhesion molecules.”
ICAM-1 is normally expressed on the surface of various
types of cells: leukocytes, endothelial cells, and fibro-
blasts.>® ICAM-1 expression is cytokine inducible [tumor
necrosis factor-alpha (TNF-o), interferon-gamma (INF-y),
interleukin (IL)-2, and IL-6] and, during the inflammatory
response, interacts with lymphocyte function-associated
antigen-1 (LFA-1) and macrophage antigen-1 (Mac-1),
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facilitating migration of immune cells into damaged
tissue.”

Additionally, ICAM-1 has been found to be upregulated
in many human cancers, including colorectal, breast, lung,
pancreas, renal, and thyroid.>* Several studies have sug-
gested that ICAM-1 facilitates the spread of metastatic
cancer cells to secondary sites by recruiting inflammatory
cells, which release growth and angiogenic factors stimu-
lating cell proliferation, angiogenesis, and invasion.”®

In patients with breast and thyroid cancers a circulating
soluble form of ICAM-1 has been found to be elevated.”®
Melis et al. proposed that this soluble ICAM-1 form could
interfere with the interaction of surface ICAM-1 and
immune cells such as natural killer (NK) cells or lym-
phocyte activated killer (LAK) cells by competitive
binding, leading to reduced cancer cell exposure to these
protective cells.’ Therefore, ICAM-1 could serve as a
biomarker for assessing the progression and prognosis of
tumors.

Our group has previously shown that ICAM-1 can be
used as a potential target for delivering nanoparticles to
human cancer cells.'” We demonstrated that engineered
LFA-1 had minimal binding to cells expressing basal levels
of ICAM-1 but had high affinity for cells overexpressing
ICAM-1.

Given its association with many cancer types and its
potential role in neoplastic spread, we aimed to evaluate
the role of ICAM-1 expression in primary and metastatic
thyroid cancers. We aimed to determine if it is present in
more aggressive and advanced stages, and thus also assess
its potential as a therapeutic target.

PATIENTS AND METHODS
Patient Selection

After approval from the Institutional Review Board
(IRB) thyroid tumor tissue was obtained from patients
undergoing either total or hemi thyroidectomy at Weill
Cornell Medical College between June 2000 and Novem-
ber 2010. Thyroid tissue was dissected, and a small block
of tissue was snap-frozen in liquid nitrogen and stored at
—80°C. All normal samples were taken from the contra-
lateral lobe of thyroid specimens containing cancer. An
endocrine pathologist reviewed all specimens.

Clinical variables including patient age and sex
were obtained from electronic hospital charts. Pathologic
parameters were obtained from pathology reports including
histopathologic diagnosis, histologic subtype of papillary
carcinoma, tumor size, angiolymphatic invasion, extrathy-
roidal extension (ETE), lymph node metastasis, and
presence of chronic thyroiditis.

RNA Extraction, Reverse Transcription,
and Real-Time PCR

RNA was extracted from frozen tissue by homogeniza-
tion in RLT lysis buffer (Qiagen, Valencia, CA, USA)
using the manufacturer’s instructions (RNeasy Mini Kit;
Qiagen, Valencia, CA, USA). RNA purity was confirmed
by spectrophotometry.

First-strand complementary DNA (cDNA) synthesis was
performed using 1 pg of each RNA sample primed with
SuperScript™  First-Strand ~ Synthesis  system, Oligo
(dT)'*™'® primer, random hexamers, and superscript II
reverse transcriptase (Invitrogen, Carlsbad, CA). A 25 pl
reaction mixture containing 2.5 pl cDNA template, 12.5 pl
TagMan Universal PCR master mix (Applied Biosystems,
Foster city, CA), and 1.25 pl primer probe mixture was
amplified using the following thermal cycler parameters:
incubation at 50°C for 2 min and denaturing at 95°C for
10 min, then 40 cycles of the amplification step (denatur-
ation at 95°C for 15 s and annealing/extension at 60°C for
1 min). ICAM-1 gene expression (forward primer: 5'-TGC
TGCTTTCCCG-3' and reverse primer: 5'-GAAACCTCGT
GCCTTCCCCTCCGGAAC-3') was measured in triplicate
and normalized relative to the housekeeping gene f-gluco-
ronidase. The mean of the reference normalized expression
measurements (ACt) in triplicate was used for statistical
analysis as previously described.” Gene expression values
were calculated according to the 27A4CT method. A pool of
eight normal adult thyroid tissues was used as a control. This
group was used for comparison to allow direct correlation of
benign tumors, Hashimoto’s thyroiditis, and malignant
tumors with normal tissue.

BRAF Mutation Analysis

One microgram of RNA was reverse-transcribed, and a
1-pl aliquot of cDNA was used for the polymerase chain
reaction (PCR). PCR primers were adapted from those pre-
viously reported.'' The forward primer was 5'-TGCTT
GCTCTGATAGGAAAATG-3', and the reverse primer was
5'-GACTTTCTAGTAACTCAGCAGC-3'. Amplification
was carried out for 35 cycles (94°C for 15 s, 60°C for 1 min,
and 72°C for 1 min). BRAF mutations were detected by
direct sequencing of PCR products at the Biotechnology
Resource Center of Cornell University (Ithaca, NY) using an
Applied Biosystems Automated 3730x] DNA analyzer
(Applied Biosystems, Foster City, CA).

Immunohistochemistry (IHC)
A pathologist reviewed hematoxylin—eosin-stained

slides from each patient. Two independent representative
cores of formalin-fixed, paraffin-embedded tissue from



ICAM-1 Expression in Thyroid Cancer

975

each case were assembled, along with normal control
thyroid and lymph node tissue, into a single paraffin block.
This block was then cut at 5-pum-thick intervals to provide
slides for immunohistochemical analysis.

Immunohistochemical staining of ICAM-1 (clone G-5,
Santa Cruz, CA) was accomplished using the Bond
Max Autostainer (Leica Microsystems). Formalin-fixed,
paraffin-embedded tissue sections were first baked and
deparaffinized. Antigen retrieval was followed using Bond
Epitope Retrieval Solution 1 (ER1) at 100°C for 30 min
(Leica Microsystems). Sections were then subjected to
sequential incubations with endogenous peroxidase
block, primary antibody (at 1:2,000 dilution), post-primary
(secondary antibody), polymer (tertiary antibody), diam-
inobenzidine (DAB), and hematoxylin for 5 min (Bond
Polymer Refine Detection; Leica Microsystems), respec-
tively. Finally, stained sections were dehydrated and
mounted in Cytoseal™ XYL (Richard-Allan Scientific,
Kalamazoo, MI).

Immunohistochemical Evaluation

Two pathologist blinded to the diagnosis performed the
immunohistochemical analysis as previously described.'?
Immunoreactivity score was assigned based on the pro-
portion of positive tumor cells over total tumor cells
(percent positivity) ranging from 0 to 100% on a scale of
0-3: 0 = 0% positive cells, 1 = 1-29% positive cells,
2 = 30-59% positive cells, 3 = >60% positive cells.
Staining intensity was evaluated and assigned a score of
0-3+: O = negative, 14 = weak, 2+ = moderate,
3+ = strong. The IHC scoring was then assigned to each
tumor by multiplying the immunoreactivity score and
staining score; the score thus ranged from O to 9.0. There
were no differences in opinion between the two
pathologists.

Microarray Analysis

Previously described methods were used for RNA
labeling, and hybridization (Barden et al.). A total of ten
samples were analyzed by gene chip array (GeneChip
Hul33 array; Affymetrix, Inc., Santa Clara, CA). The
BRAF-positive group included five PTC samples, and the
BRAF-negative group included four FVPTC and one PTC
sample. All samples within the BRAF-positive group had
ETE. Four of five samples in the BRAF-negative group had
no ETE.

All samples were processed in the same manner fol-
lowing the Affymetrix protocol. cDNA was synthesized
from 8 pg sample RNA using T7 (dT),4 primer (GENSET
Corp., La Jolla, CA). Second-strand cDNA was then pro-
duced and purified. Biotin-labeled complementary RNA

(cRNA) was made and used for hybridization to the
Affymetrix oligonucleotide arrays. A sample aliquot was
first hybridized to an Affymetrix test chip to confirm that
the cRNA quality was adequate. After staining with
streptavidin—phycoerythrin, the chips were scanned in an
HP ChipScanner (Affymetrix, Inc.) to detect hybridization
signals.

Data were analyzed using MicroArray Suite version 5.0
(Affymetrix, Inc.). The intensity of each probe set of the
array was captured, and the average intensity was calcu-
lated. Quantitative expression levels were calculated using
intrachip-positive controls. Normalization of data was
performed to account for variability in hybridization
among duplicate probe sets and other hybridization arti-
facts. Transcripts were designated as reliably detected
(present) or not detected (absent). Data analysis was per-
formed to identify genes that were differentially expressed
between the BRAF-positive and BRAF-negative groups.
These results were exported to GeneSpring v11.5 (Silicon
Genetics, Redwood City, CA, USA), then analyzed with a
parametric ¢ test and multiple testing correction (Benjamini
and Hochberg false discovery rate, with the p value set at
<0.05).

Statistical Analysis

Data are presented as percentages and mean and stan-
dard deviation, according to the distribution. Significance
was assessed using chi-square or Fisher’s exact and Stu-
dent’s  test as appropriate, to compare the groups. p value
<0.05 was considered statistically significant. Statistical
analysis was performed using SPSS 18.0 statistical soft-
ware (Cornell University, NY).

RESULTS

Seventy-four cases were selected for evaluation. Table 1
summarizes the demographic data. Demographically there
was no difference between benign and malignant groups on
univariate analysis.

Fourteen nodules (18.9%) were benign, and 39 (52.7%)
were malignant (Table 2). Of these 39 malignant tumors, 8
(20.5%) were poorly differentiated thyroid carcinomas. Six
of the eight poorly differentiated thyroid carcinomas were
recurrent RAl-refractory (RAIR) tumors. Of note, all
patients with RAIR had positive positron emission
tomography (PET) scans. Twelve of the 30 (40%) malig-
nant tumors carried the BRAF V600E mutation. ETE was
present in 15 of the 30 (50%) malignant tumors. Of these,
five had gross ETE (33.3%). Thirteen of the 30 (43.3%)
thyroid carcinomas had lymph node metastases at time of
surgery (Table 3). Twelve of the 30 (40%) malignant
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TABLE 1 Patient and tumor characteristics

All Benign Malignant  p-value

Age (median/range), 47 (17-78) 49 (20-62) 47 (17-78) 0.69
years

Sex 0.54
Male 13 3 (23%) 10 (77%)
Female 45 12 (26.7%) 33 (73.3%)

Tumor size 24+09 27+£15 24+£09 072

(mean + SD), cm

SD standard deviation

TABLE 2 Histopathology of the analyzed tumors

Groups N =174 (%)
Normal thyroid 8 (10.8)
Hashimoto’s thyroiditis 5(6.7)
Benign 14 (18.9)
Follicular adenoma 9 (64.3)
Nodular hyperplasia 5@35.7)

PTC 39 (52.7)

Classic PTC 26 (66.6)

Follicular variant of PTC 7 (18)

Tall cell variant of PTC 4 (10.2)

Oncocytic Hiirthle cell 2(5.2)
Lymph node metastases 8 (10.8)
Histotypes

Well-differentiated PTC 31 (79.5)

Poorly differentiated PTC 8 (20.5)

samples had Hashimoto’s or chronic lymphocytic thy-
roiditis in the background (data not shown). Of these
patients, three (25%) carried the BRAF V600E mutation.

ICAM-1 was significantly upregulated in thyroid carci-
nomas (p < 0.01) compared with Hashimoto’s thyroiditis,
benign tumors, and normal tissue (Fig. 1). Although a pool
of eight normal adult thyroid tissues was used as a control,
paired direct comparison of thyroid carcinoma and adjacent
normal tissue, rather than a pool normal, showed statisti-
cally similar results (data not shown).

There was no difference in ICAM-1 gene expression in
thyroid carcinoma samples with Hashimoto’s or chronic
lymphocytic thyroiditis when compared with samples
without it. Furthermore, no difference was found in tumor
size, ETE or lymph node metastases among thyroid car-
cinoma samples with or without Hashimoto’s or chronic
lymphocytic thyroiditis (data not shown).

ICAM-1 gene expression was significantly higher in
tumors exhibiting features of aggressiveness, including
BRAF V600E mutation (p = 0.01), ETE (p < 0.01), and
lymph node metastases (p = 0.02) (Table 3). Tumors with

TABLE 3 Correlation of thyroid tissue and tumor characteristics of
aggressiveness with ICAM-1 gene expression

ICAM-1
N ACT, mean + SD p-value
Normal thyroid 8 1.0 £ 09 -
Hashimoto’s thyroiditis 5 3.0+43 -
Benign 14 09 +£04 -
PTC 30 269 £+ 23.6 <0.01*
Lymph node metastases 8 272 £35 <0.01*
Histopathological features
Extrathyroidal extension
Present 15 509 £41.3 <0.01°
Absent 15 18.4 + 15.0
Angiolymphatic invasion
Present 2 367436 0.63"
Absent 28 339 £ 356
Focality
Unifocal 23 344 £ 385 0.88"
Multifocal 7 33.1 £ 8.6
Lymph node metastases
Present 13 509 £437 0.02°
Absent 17 20.5 £ 15.1
BRAF V600E status
Present 12 368 +£285 0.01°
Absent 18 14.1 £ 84

4 p-values derived using Student’s 7 test to compare the mean ACT
value among thyroid carcinoma and lymph node metastases relative
to pooled normal thyroid tissue

® p-values derived using Student’s  test to compare the mean ACT
value among the subgroups defined by histopathologic features

Fold change
gene expression

100
80
60

40

e

20

[

Normal Benign Hashimoto Metastases

tumor

Malignant
tumor

FIG. 1 ICAM-1 gene expression in human thyroid samples. Lines
represent median fold change of expression
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FIG. 2 Immunohistochemical staining
for ICAM-1: a follicular adenoma,

b well-differentiated thyroid carcinoma,
¢ poorly differentiated thyroid
carcinoma, and d lymph node
metastases

presence of gross ETE had significantly higher ICAM-1
expression (p = 0.037) compared with tumors with
microscopic ETE. Tumor size, multifocality, and angi-
olymphatic invasion were not associated with ICAM-1
gene expression (Table 2).

Microarray gene analysis in 10 thyroid carcinomas
showed sixfold upregulation in ICAM-1 expression when
comparing thyroid carcinomas with the BRAF V600E
mutation versus BRAF wild-type thyroid carcinomas.

Immunostaining for ICAM-1 corroborated the gene
expression data. ICAM-1 staining occurred on the luminal
surface of thyroid cancer cells. In some well-differentiated
thyroid carcinomas, ICAM-1 staining was in a perinuclear
dot-like pattern, staining either the nucleus or nucleolus. In
other malignant cases, [CAM-1 staining was exclusively
cytoplasmic. There was no correlation of the staining pat-
tern with any histopathological feature. Interestingly,
poorly differentiated thyroid carcinomas stained strongly
for ICAM-1, with a membranous and cytoplasmic pattern
(Fig. 2).

ICAM-1 immunostaining intensity was significantly
higher in thyroid carcinomas compared with benign
tumors. Furthermore, poorly differentiated carcinomas had
higher staining intensity compared with well-differentiated
thyroid carcinomas (p < 0.01) (Table 4). Also, RAIR PET-
positive thyroid carcinomas had significantly higher
ICAM-1 immunostaining when compared with well-dif-
ferentiated thyroid carcinomas (p = 0.03) (Table 4).

Finally, ICAM-1 immunostaining intensity was signifi-
cantly higher in tumors exhibiting ETE (p = 0.03) and
lymph node metastasis (p = 0.03) (Table 4) compared

with tumors that were confined to the thyroid and did not
have lymph node metastases. Tumors with multifocality
and angiolymphatic invasion were not significantly differ-
ent in terms of ICAM-1 immunostaining (Table 4).

DISCUSSION

The present study demonstrates that ICAM-1 gene and
protein expression are upregulated in primary and meta-
static thyroid cancer. Moreover, ICAM-1 expression
correlates with markers of tumor aggressiveness including
ETE, BRAF V600E mutation, and poorly differentiated
tumors. Furthermore, lymph node metastases maintain high
ICAM-1 expression compared with normal thyroid.

Several studies have described upregulation of ICAM-1
expression in malignancy. Hayes and Seigel analyzed a
total of 300 tissue cores from multiple tissue arrays of
normal, malignant, and metastatic tissue from a variety of
different tumors by IHC. They observed an increase in
ICAM-1 protein expression in malignant and metastatic
tissue.” In their series, malignancies from lymphoid tis-
sue had the highest ICAM-1 expression, while connective
tissue/skin had the lowest average ICAM-1 score. Addi-
tionally, metastases originating from the urinary tract had
the highest ICAM-1 score, whereas those coming from
glandular tissues had the lowest average score.

Nakashima et al. and Tolosa et al. have previously
reported that ICAM-1 expression is increased in primary
thyroid cancers when compared with normal thyroid tis-
sue.*!? In addition to analyzing a larger cohort of thyroid
carcinomas, we have added several important correlates in
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TABLE 4 Correlation of histotype and tumor characteristics with
immunohistochemical staining for ICAM-1

ICAM-1
Intensity score p-value
Histotype

Follicular adenoma 1.0

Papillary thyroid carcinoma 7.2 <0.01*
Well-differentiated 6.6
Poorly differentiated 8.4 <0.01°

Histopathological features

Extrathyroidal extension
Present 9.0 <0.01°
Absent 6.0

Angiolymphatic invasion
Present 8.0 0.26°
Absent 7.5

Focality
Unifocal 3.1 0.25¢
Multifocal 7.5

Lymph node metastases
Present 8.0 <0.01°
Absent 6.0

RAIR PET thyroid carcinoma
Negative 5.4 0.003°
Positive 7.6

4 p-value derived using Student’s 7 test to compare the IHC score
between thyroid carcinoma and follicular adenoma

® p-value derived from comparison between well-differentiated thy-
roid carcinoma and poorly differentiated thyroid carcinoma

¢ p-values for immunohistochemical analysis derived using Student’s
t test to compare the IHC score among subgroups defined by histo-
pathologic features

this study. We have correlated ICAM-1 expression with
clinical and histopathological characteristics of the tumor,
including analysis of BRAF V600E. Additionally we have
evaluated ICAM-1 expression in metastatic tissue.

Most thyroid cancer has good prognosis with surgical
treatment and adjuvant radioactive iodine therapy, if indi-
cated.'* There are several established markers of poor
prognosis including ETE, tumor histology, and primary
tumor size. Several authors have reported a correlation
between the presence of ETE and an increase in recurrence
and mortality rate.">™"” Our group has previously shown a
higher recurrence rate in patients who had macroscopic
ETE compared with patients with microscopic ETE.'®
There are also patient characteristics, including age, that
can impact disease recurrence and prognosis. Several
scoring systems, including AGES, AMES, and MACIS,
have been established to stratify thyroid cancers according
to risks of recurrence or death. Higher-risk tumors are
generally those that are radioactive iodine resistant.

Thirty to 40% of metastatic well-differentiated thyroid
cancers are initially resistant to or become resistant to RAI
uptake, limiting treatment options in these patients.
Radioactive iodine refractory disease correlates with
increased morbidity."” RAIR tumors that are more
aggressive are poorly differentiated and have downregu-
lation of the mechanisms required for RAI uptake.
Therefore, adjuvant RAI therapy in these patients is less
effective. Moreover, some well-differentiated thyroid can-
cers also lose the ability to take up iodine, and these tumors
are also more likely to develop recurrence.

Recently, BRAF V600E has been established to be a
marker for aggressive thyroid histotypes and has been
shown to be present in 40% of PTCs, up to 62% of RAIR
recurrent/metastatic thyroid carcinoma, and in 54% of
RAIR PET-positive tumors.”> Many studies have estab-
lished the association of the BRAF V600E mutation with
tumor progression, recurrence, and treatment failure.”!
This mutation in the mitogen-activated protein kinase
(MAPK) pathway affects many mechanisms within the
thyroid cell and has been shown to reduce expression and
targeting of the sodium iodine symporter to the cell
membrane, impairing uptake of radioactive iodine.*?
Therefore, treatment options for RAIR tumors are limited,
and thus identification of new targets for directed therapy
has potential for high clinical impact.

Our group has previously developed a high-affinity
ligand targeting ICAM-1 called the inserted (I) domain
derived from LFA-1 domain to ICAM-1."" Using ICAM-1-
expressing cervical and thyroid cancer cell lines as a
model, we demonstrated specific delivery of a urethane
acrylate nonionomer encapsulating hydrophobic dyes and
chemotherapeutic agents to the cells, in a manner depen-
dent on the affinity of the I-domain, as well as based on
ICAM-1 expression in vitro. Currently, our group has
developed an in vivo model to assess selective binding and
therapy. Therefore, since ICAM-1 expression is increased
in tumors exhibiting aggressive features and poorly dif-
ferentiated carcinomas, it may serve as a potential marker
and target for novel therapies.

Different mechanisms have been proposed to explain an
upregulation of ICAM-1. Derhaag et al. and Murakami et al.
demonstrated a TNF-a-induced ICAM-1 messenger RNA
(mRNA) upregulation, via phosphorylation of p65 nuclear
factor-kappa B (NF-xB) in human endothelial cells.”***
Similarly, Hadad et al. suggested that upregulation of
ICAM-1 was regulated by two sequential phospholipase
A2-dependent activation of NF-xkB and cAMP response
element binding protein (CREB) transcription factors.
Recently, miR-221, miR-222, and miR-339 have been pro-
posed to be involved in posttranscriptional regulation of
ICAM-1 expression.”>?® Interestingly, numerous authors
have studied the link between the MAPK pathway and
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expression of ICAM-1. Lin et al. demonstrated that activa-
tion of MAPK and JNK cascades mediated NF-xB-induced
ICAM-1 expression in human lung adenocarcinoma cells.*’
Likewise, Yan et al. described the role of p38 MAPK in
lipopolysaccharide-induced expression of ICAM-1 in
human endothelial cells.”® These studies may explain the
increased expression of [CAM-1 seen in tumors carrying the
BRAF V600E mutation in thyroid cancer. However, further
studies are required to confirm this mechanism.

Our study has three limitations. First, although we are
able to correlate ICAM-1 expression data with markers of
tumor aggressiveness, this study did not evaluate long-term
follow-up in these patients. This would be needed to
determine disease-free recurrence. Second, subgroup
analysis in poorly differentiated and RAIR tumors was
limited due to the small number of patients in these groups.
However, we were able to show that these groups main-
tained high ICAM-1 expression similar to other thyroid
carcinomas. Lastly, all metastatic disease was to lymph
node basins at cervical levels II through VII. Future studies
evaluating the presence of ICAM-1 in thyroid cancers with
distant metastasis may be warranted.

In conclusion, ICAM-1 expression is significantly
increased in thyroid malignancy and associated with indi-
cators of tumor aggressiveness. Since [CAM-1 is present in
primary, metastatic, and recurrent RAIR tumors, it may
serve as a biomarker and a potential target for therapeutic
interventions in thyroid cancer.
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