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Summary

Ephrin receptors (Ephs) are frequently overexpressed in a wide variety of human malignant tu-
mors, being associated with tumor growth, invasion, metastasis and angiogenesis. The aim of the
present study was to evaluate the clinical significance of Eph-A2 and Eph-A4 expression in human
benign and malignant thyroid lesions.

Eph-A2 and Eph-A4 protein expression was assessed immunohistochemically on paraffin-embed-
ded thyroid tissues from 131 patients with benign and malignant lesions.

Eph-A2 was significantly overexpressed in malignant compared to benign thyroid lesions (p<0.001).
Papillary carcinoma cases presented significantly increased Eph-A2 expression compared to those
with hyperplasia nodules (p<0.001). Eph-A4 expression was not differentiated between cases with
malignant or benign thyroid lesions. Papillary carcinoma cases presented significantly increased
Eph-A4 expression compared to those with hyperplasia nodules (p=0.006). In the subgroup of ma-
lignant thyroid lesions, Eph-A2 and Eph-A4 expression was not associated with TNM stage, capsu-
lar, lymphatic or vascular invasion.

The present data suggest that Eph-A2, but not Eph-A4, overexpression may be associated with the
malignant transformation of thyroid neoplasia. Further studies conducted on cohorts including
a higher proportion of patients with advanced nodal and metastatic disease are recommended to
draw definite conclusions on the clinical significance of Eph proteins in thyroid neoplasia.
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BACKGROUND

Ephrin receptors (Eph) are the largest family of tyrosine
kinase receptors (RTKs), divided into 2 distinct classes (A
and B) based on sequence homology of their extracellu-
lar domain, which largely determines their ephrin ligands
[1]. In general, A-class ephrins (ephrin A1-A6) bind to the
A-class Eph receptors (Eph-A1-A10) and B-class ephrins (eph-
rin B1-B3) bind to B-class receptors (EphB1-B6), although
cross-reactions have also been described [2,3]. Interaction
between ephrin receptors and their ligands (ephrins) oc-
curs at sites of cell-to-cell contact, since both molecules are
membrane-bound, or between plasma membrane clusters
(microdomains) that transform into clearly defined signal-
ing centers upon Eph/ephrin complex formation [4]. The
cellular response to Eph stimulation by ligands includes
a wide range of biological effects exerted through sever-
al signaling pathways in a bi-directional mode. This is con-
sidered a unique property of Eph/ephrin interaction and
consists of forward and reverse signaling components [5].
Eph/ephrin signaling has mainly been implicated in an-
giogenesis [6,7], cell shape formation, adhesion and mo-
tility [8,9] in normal developmental and in pathological
processes. Ubiquitous expression of Eph and ephrins in
the vast majority of normal human tissues has suggested a
crucial role in the maintenance of organized and differen-
tiated cellular function in adults, although specific expres-
sion patterns by organ have also been described [10]. More
recently, tumorigenesis has been related to transcription-
al alterations of Eph genes through somatic mutations and
epigenetic silencing, especially in more advanced stages of
tumor progression [11,12], suggesting a potential role for
Ephs in tumor cell migration and metastasis.

Recent studies have been focused mainly on Eph-A2 expres-
sion and the role of Eph-A2/ephrin-Al interaction in several
human malignancies, indicating a crucial role in tumor de-
velopment and progression. Eph-A2 was found to be widely
expressed in highly proliferating human tissues and overex-
pressed in several types of malignancy, such as melanoma,
prostate, breast, ovarian, esophageal, liver, lung and gastro-
intestinal cancer [10,18-18]. According to a theoretical, but
realistic, model proposed by Wykosky and Debinski, non-
phosphorylated Eph-A2 may stimulate oncogenic signaling
pathways, leading to increased cell migration and invasion
due to Eph-A2 gene overexpression or lack of ephrinAl-in-
duced down-regulation [18]. The expression levels of Eph
receptor in pathological processes seem to correlate posi-
tively with the degree of malignant transformation, where-
as this has not been well documented for the ephrin ligands
[11]. The predictive value of Eph-A2 expression pattern
for tumor grade, stage, recurrence and/or survival has also
been investigated in ovarian, gastric, lung and prostate can-
cers, suggesting a substantial correlation between Eph-A2
overexpression and poor clinical prognosis in most cases
[17,19-22]. The diversity of Eph-mediated functions in vir-
tually every stage of tumorigenesis from development to me-
tastasis and interference in cell-to-cell interactions and the
tumor microenvironment have made this receptor family an
attractive target for novel drug design in cancer therapeutics.

Thyroid cancer is generally considered a curable malignan-
cy in its early stages, although management of suspect thy-
roid lesions has continuously evolved during the last decades

and is updated on a regular basis, indicating the presence
of diagnostic pitfalls and limitations of the current patient
workup. Several markers have been investigated in an ef-
fort to increase the diagnostic accuracy of fine-needle as-
piration biopsy in the preoperative setting [23-25]. At the
same time, novel prognostic indices are being evaluated
for their role in the optimal postoperative management of
thyroid cancer [26-29]. Unlike the other above-mentioned
solid organ tumors, the expression of Ephs in human be-
nign and malignant thyroid lesions has not yet been evalu-
ated. In light of the above considerations, the present study
aimed to examine the immunohistochemical expression of
Eph-A2 and -A4 in 131 patients with benign and malignant
thyroid lesions and to assess their diagnostic utility. We also
aimed to evaluate the association of Eph-A2 and Eph-A4 ex-
pression with important clinicopathological characteristics
for the management of patients with malignant thyroid tu-
mors, such as TNM stage, and capsular, lymphatic and vas-
cular invasion.

MATERIAL AND METHODS

Clinical material

We used 131 formalin-fixed, paraffin-embedded thyroid
specimens from an equal number of patients who had un-
dergone surgery for benign or malignant thyroid disease.
None of the patients had received anti-cancer treatment
preoperatively. The WHO histological classification of thy-
roid tumors was used, according to which 59 malignant (47
papillary, 5 follicular, 5 medullary and 2 anaplastic thyroid
carcinomas) and 72 benign (61 hyperplastic nodules and 11
Hashimoto thyroiditis) thyroid cases were observed. Among
papillary thyroid carcinoma cases, 43 were classified as clas-
sical subtype with papillary architecture and 5 as follicular
variant. All follicular carcinomas were classified as minimal-
ly invasive. Thyroid malignancies were grouped according
to the latest TNM classification (American Joint Committee
on Cancer — AJCC Cancer Staging Manual, seventh edition)
[30] as: stage I, 40 cases (67.8%); stage 1L, 8 cases (13.6%);
stage III, 8 cases (13.6%); and stage IV, 3 cases (5%). A fe-
male predominance was also noted in our study popula-
tion, which reached 5:1 in the subset of malignant thyroid
tumors. The median size of malignant thyroid tumors was
8 mm (range 0.9-80 mm). The characteristics of the study
population are summarized in Table 1.

Immunohistochemistry

Eph-A2 and Eph-A4 immunostaining was performed on for-
malin-fixed, paraffin-embedded thyroid tissue sections us-
ing rabbit polyclonal anti-Eph-A2 (S-20) and anti-Eph-A4
(H-77) primary IgG antibodies (Santa Cruz Biochemicals,
Santa Cruz, CA, USA). Briefly, 4 pm-thick tissue sections
were dewaxed in xylene and were brought to water through
graded alcohols. Antigen retrieval (citrate buffer at pH 6.1
and microwave heating) was performed according to the
manufacturer’s instructions. To remove the endogenous
peroxidase activity, sections were treated with freshly pre-
pared 0.3% hydrogen peroxide in methanol in the dark for
30 minutes (min) at room temperature. Non-specific anti-
body binding was then blocked using Sniper (Sniper, Biocare
Medical, Walnut, Creek, CA, USA), a specific blocking re-
agent for mouse and rabbit primary antibodies, for 5 min.
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Table 1. Study population characteristics.

Benign Malignant Benign
N (total)=131 72 (55) 59 (45) TNM staging N/A
Male 18 (25) 10(16.9) Stage 40 (67.8)°
Female 54(75) 49 (83.1) Stage Il 8(13.6)°
Age (yrs) 47.6+12.1 49.7+£12.9 Stage lll 8(13.6)°
i b
Hyperplastic nodule 61 Papillary 47 (35.9) Stage IV 3(5)
(46.6) .
Capsular invasion N/A
Hashimoto’s thyroiditis 11 Follicular 5 (3.8)
Histopathology (8.4) Officular 5 1. No 38(79.2)¢
Medullary 5 (3.8) Yes 10(20.8)¢
Anaplastic 2 (1.5) Lymphaticinvasion N/A
Tumor size (T) N/A: No 40 (83.3)
T 40 (67.8)° Yes 8(16.7)°
N 1320 Vessel invasion N/A
T3 3(5.0) No 44(91.7)
T4 3(5.1) Yes 4(8.3)
Ki-67 protein
Lymph node N/A ot P X
metastases (N) statemen
NO 51(86.4)° < Mean value 24(33.3) 10(17)
N1 8(14.6) > Mean value 48 (66.7) 49 (83)
Distant ?,v‘e)tastases N/A 3N/A: not applicable, ® Percentages in parentheses correspond to
the number of malignant thyroid cases, “ Data were available for 48
MO 59 (100)® malignant thyroid cases.

The sections were then incubated for 1 hour at room tem-
perature, with the primary antibodies diluted 1:100 in phos-
phate-buffered saline (PBS). After washing 3 times with PBS,
sections were incubated at room temperature with biotinyl-
ated linking reagent (Biocare Medical) for 10 min, followed
by incubation with peroxidase-conjugated streptavidin label
(Biocare Medical) for 10 min. The resultant immune perox-
idase activity was developed in 0.5% 3,3’-diaminobenzidine
hydrochloride (DAB; Sigma, St. Louis, MO, USA) in PBS
containing 0.03% hydrogen peroxide for 3 min. Sections
were counterstained with Harris” hematoxylin and mount-
ed in Entellan (Merck, Darmstadt, Germany). Appropriate
negative controls were performed by omitting the primary
antibody and/or substituting it with an irrelevant anti-serum.
As a positive control, pancreatic cancer tissue sections with
known increased Eph-A2 and Eph-A4 immunoreactivity were
used [31]. Follicular cells’ proliferative capacity was assessed
immunohistochemically, using a mouse anti-human Ki-67
antigen; IgG,, antibody (clone MIB-1, Dakopatts, Glostrup,
Denmark) as previously described [32,33].

Evaluation of immunohistochemistry

Specimens were considered positive for Eph-A2, Eph-A4 and
Ki-67 when more than 5% of the follicular cells were stained.

The percentage of positively stained follicular cells was ob-
tained by counting at least 1000 cells in each case by 2 in-
dependent observers (S.T. and P.A.) blinded to the clinical
data, with complete observer agreement. Both membrane-
ous and cytoplasmic staining was taken into consideration
in determining Eph-A2 and Eph-A4 immunoreactivity. Ki-
67 immunoreactivity was classified into 2 categories (below
and over mean value) according to the percentage of pos-
itively stained follicular cells exceeding the mean percent-
age value, as previously reported [32,33].

As there are no clinically relevant cut-off values available
for Eph-A2 and Eph-A4 expression levels in thyroid lesions,
a quantitative scoring system was applied based on previ-
ously published reports for other immunohistochemical
markers on thyroid tissue lesions [34-37]. The immunore-
activity of follicular cells for Eph-A2 and Eph-A4 was scored
according to the percentage of positively stained cells as
follows: 0 = 0-4% of follicular cells positive (considered as
negative staining), 1 = 5-30% of follicular cells positive, 2
=31-60% of follicular cells positive, 3 = 61-100% of follic-
ular cells positive, and their intensity scored as 0 = negative
staining, 1 = weak staining, 2 = intermediate staining, and
3 = intense staining. Immunoreactivity was also classified,
using the term total immunohistochemical (IHC) score,
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Figure 1. Representative immunostainings for Eph-A2 (A, B and C) and Eph-A4 (D, E and F) in cases with papillary carcinoma, hyperplastic nodules
and Hashimoto thyroiditis (original magnification x400).

as “negative or weak” for a total score 0-2, “moderate” for
a total score 3—4, and “strong” for a total score 5-7. In this
way we ensured that each group had a sufficient and more
homogeneous number of cases in order to be comparable
with the other groups [37].

Statistical analysis

The differences in Eph-A2 and Eph-A4 expression between
the histopathological types of thyroid lesions, as well as the
association with the clinicopathological parameters in the
subgroup of malignant cases, were investigated. Possible as-
sociations were analyzed with the Pearson’s chi-square test
and linear correlations were investigated using Spearman’s
rho coefficient and Cramer’s V test for categorical data. A

Kruskal-Wallis analysis was made for ordinal variables, fol-
lowed by a Mann-Whitney U test for significant associations
only. The a level of statistical significance was determined
at 5% (2-tailed p<0.05). SPSS Statistics software v.17.0 (SPSS
Inc., Chicago, IL, USA) was used for statistical analysis.

REsuLTs

Eph-A2 positivity (IHC score >0) was noted in 75 out of
131 (57.3%) thyroid tissue specimens. Positive staining was
observed in 74.6% (44/59) of malignant thyroid tumors,
39.3% (24/61) of hyperplastic nodules and 63.6% (7/11)
of Hashimoto thyroiditis cases. In Figure 1, representative
Eph-A2 immunostaining for papillary carcinoma, hyperplas-
tic nodules and Hashimoto thyroiditis cases are depicted
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Figure 2. Eph-A2 and Eph-A4 expression pattern in malignant and benign thyroid lesions (A and C). Box-whisker plot of Eph-A2 and Eph-A4

immunoreactivity score by type of thyroid pathology (B and D).

Table 2. Eph-A2 expression in malignant and benign thyroid lesions.

Thyroid lesions N EpvA2 expression IHCscore? p-value
Negative/Weak  Moderate Strong (mean:SD)

Malignant 0.001°
Papillary carcinoma 47 12 (25.6) 17 (36.2) 18 (38.3) 3.38+2.12
Follicular carcinoma 5 1 (20) 3 (60) 1 (20) 2.80+1.79
Medullary carcinoma 5 2 (40) 2 (40) 1 (20) 2.20+2.17

Anaplastic carcinoma 2 0 (0) 2(100) 0 (0) 4.0+0.0
Benign
Hyperplastic nodules 61 37 (60.7) 18 (29.5) 6 (9.8) 1.61£2.01 <0.001°
Hashimoto’s thyroiditis 1 4 (36.4) 4 (36.4) 3 (27.3) 2.91+2.66 0.457¢

Numbers in parentheses represent percentages.

3 Immunohistochemical score. ® Cramer's V chi-square; statistical significance between malignant and benign lesions. ¢ Mann-Whitney test;
statistical significance between papillary carcinoma and hyperplastic nodules. ¢ Mann-Whitney test; no statistical significance between malignant

lesions and hashimoto’s thyroiditis.

(Figure 1A-C, respectively). Cases with malignant thyroid
lesions showed significantly increased incidence of Eph-A2
positivity compared to those with benign thyroid lesions
(Cramer’s V=0.343, p<0.001). Eph-A2 positivity was definite-
ly distinctive between cases with papillary carcinoma and
hyperplastic nodules (z=—3.877, p<0.001, Figure 2A). No
significant differences between malignant and Hashimoto
thyroiditis or benign hyperplasia and Hashimoto thyroid-
itis cases were noted (p=0.457 and p=0.137, respectively).
Significant intergroup differences were also not observed
for all possible comparisons of malignant histopathologi-
cal types (data not shown). Eph-A2 positively stained cas-
es of thyroid lesions, either malignant or benign, exhibit-
ed overall higher proliferative capacity, as shown by Ki-67

immunoreactivity (p=0.04), although no statistically signif-
icant difference was observed in favor of malignant lesions
(data not shown). The mean total score of Eph-A2 positive
malignant cases was significantly higher than that of be-
nign cases (Cramer’s V=0.361, p=0.001). Significantly high-
er IHC score for malignant compared to hyperplastic thy-
roid lesions was also noted (z=-3.899, p<0.001, Figure 2B).
Papillary carcinomas showed significantly higher Eph-A2
expression than hyperplastic thyroid nodules (z=—4.270,
p<0.001), whereas this was not found for other types of ma-
lignant thyroid lesions (i.e., follicular, medullary or anaplas-
tic cancer). The mean total IHC score of malignant tumors
was 3.2522.06, with 40.7% of them exhibiting moderate (to-
tal score 3 or 4) and 33.9% strong (total score 5-7) Eph-A2
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Table 3. Eph-A4 expression in malignant and benign thyroid lesions.

L Eph-A4 expression IHC scorea

Thyroid lesions p-value
Negative/Weak  Moderate Strong (mean£5D)

Malignant 0.546"
Papillary carcinoma 47 14 (29.8) 8 (17) 25 (53.2) 3.77+£2.73
Follicular carcinoma 5 3 (60) 1 (20) 1 (20) 2.00+2.83
Medullary carcinoma 5 4 (80) 0 (0) 1 (20) 1.40+3.13
Anaplastic carcinoma 2 1 (50) 0 (0) 1 (50) 3.50+4.95

Benign

Hyperplastic nodules 61 22 (36.1) 21 (34.5) 18 (29.5) 2.84+2.33 0.006¢

Hashimoto’s thyroiditis n 4 (36.4) ICA) 6 (54.6) 3.64+3.11

Numbers in parentheses represent percentages.

2 Immunohistochemical score. ® Pearson’s R chi-square; no statistical significance between malignant and benign lesions. ¢ Mann-Whitney test;
statistical significance between papillary carcinoma and hyperplastic nodules.

expression. On the other hand, the mean total score of be-
nign thyroid lesions was 1.8+2.2, with a significantly lower
proportion of strong Eph-A2 expression (12.5%, p<0.05,
Table 2). Eph-A2 expression was not differentiated between
conventional type cases and follicular variant cases of pap-
illary carcinoma (data not shown).

Eph-A4 positivity (IHC score >0) was noted in 83 (63.4%) of
131 thyroid tissue specimens. Positive staining was observed
in 62.7% (37/59) of malignant lesions, 63.9% (39/61) of
hyperplastic nodules and 63.6% (7/11) of Hashimoto thy-
roiditis cases. In Figure 1, representative Eph-A4 immunos-
taining for papillary carcinoma, hyperplastic nodules and
Hashimoto thyroiditis cases are depicted (Figures 1D, E and
F, respectively). No significant differences were noted be-
tween cases with malignant and benign thyroid lesions in re-
spect to Eph-A4 positivity (Figure 2C). The mean total IHC
score of Eph-A4-positive malignant cases was 3.47+2.87, with
aremarkable proportion of 47.5% showing strong Eph-A4
expression (total score 5-7). Benign thyroid lesions yielded
amean IHC score of 2.96+2.46, with strong Eph-A4 expres-
sion in 33.3% of cases; however, significant differences were
not observed (Figure 2D). Non-parametric comparison of
the mean ranks by histopathological type of thyroid cancer
revealed significantly higher IHC score for cases with pap-
illary carcinoma compared to those with hyperplastic nod-
ules (z=—2.724, p=0.006), although this effect was not detect-
ed for other histopathological types of malignant lesions.
In Table 3, Eph-A4 expression by type of thyroid lesion is
depicted. The proliferative capacity of all positively stained
thyroid lesions for Eph-A4 was similar to Eph-A2-positive
samples (ie, increased Ki-67 immunoreactivity) (p=0.01)
without significant difference between malignant and be-
nign lesions (data not shown). Eph-A4 expression was not
differentiated between conventional subtype cases and follic-
ular variant cases of papillary carcinoma (data not shown).

We also assessed whether Eph-A2 and Eph-A4 expression
exerts a diagnostic effect in the subgroup of patients with
malignant thyroid lesions. For both Ephs, positive staining
and IHC score were not correlated with capsular, lymphatic

and vascular invasion. The associations of the clinicopath-
ological characteristics of malignant thyroid lesions (ie, tu-
mor size [T] and nodal status [N]) with Eph-A2 and Eph-A4
expression were also investigated. Overall, 40 T1 (67.8%),
13 T2 (22%), 3 T3 (5.1%) and 3 T4 (5.1%) malignant thy-
roid cases were analyzed. Nodal involvement was observed
in 8 cases (14.6%). T1 cases expressed Eph-A2 in 72.5%
(29/40), with a mean total IHC score of 3.22+2.08, T2 cas-
esin 69.2% (9/13) with a mean total IHC score 2.92+2.43,
T3 and T4 cases in 100% (3/3 in both groups) with a mean
total IHC score 4.33+1.15 and 4.0, respectively. Eph-A4 ex-
pression was detected in 65% (26/40) of T1 cases with a
mean total score 3.56+2.82, 46.2% (6/13) of T2 tumors
with a mean total score 2.46+2.96, 66.7% (2/3) of T3 tu-
mors with a mean total score 4.33+3.79 and 100.0% (3/3)
of T4 tumors with a mean total score 5.66+1.53. Although
T3 and T4 malignant cases showed increased total score
for both Eph-A2 and Eph-A4, significant correlations could
not be extracted. Similarly, nodal status and the TNM stage
were not significantly correlated to Eph-A2 or Eph-A4 ex-
pression. Moderate to strong Eph-A2 and Eph-A4 expres-
sion was associated with high Ki-67 protein statement, but
this association was not statistically significant. The associ-
ations between Eph-A2 and Eph-A4 immunoreactivity and
the clinicopathological characteristics of the thyroid sam-
ples of our study are presented in Table 4.

DiscussIioN

Ephrin receptors and the bidirectional signaling to their
ephrin ligands have been shown to actively participate in
solid tumor development and/or progression. Substantial
evidence has documented the presence of Eph/ephrin com-
plex formation and/or overexpression in response to onco-
genic mutations [38] that directly affect tumor immunolo-
gy, cell motility and adhesion, vessel invasion and metastatic
potential [39]. Notably, A-class Eph receptors (EphA) have
been involved in tumor angiogenesis and vascularization,
mainly through positive and negative stimulation [40-42].
In this aspect, several studies have suggested that Eph-A2
was overexpressed in a variety of malignant tumors, being
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Table 4. Associations of Eph-A2 and Eph-A4 expression with clinicopathological characteristics in patients with malignant thyroid lesions

Eph-A2 expression Eph-A4 expression
qi?;:tgi::;zii:al Negative/ Negative/
weak Moderate Strong p-value® weak Moderate Strong p-value?
N=59 15 (25.4) 24 (40.7) 20 (33.9) 22 (37.3) 9 (15.2) 28 (47.5)
Tumor size (T) 0.481 0.510
m 11 (275 14 (35) 15 (37.5) 14 (35) 6 (15) 20 (50)
12 4 (30.8) 6 (46.2) 3(23) 7 (53.8) 2 (154) 4 (30.8)
3 0 (0) 1 (333) 2 (66.7) 1(333) 0 (0) 2 (66.6)
T4 0 (0) 3(100) 0 (0 0 (0 1(333) 2 (66.6)
TNM staging 0.953 0.898
| 10 (25) 15 (37.5) 15 (37.5) 13 (32.5) 7 (17.5) 20 (50)
Il 3 (375 4 (50) 1 (12.5) 5 (62.5) 0 (0) 3 (37.5)
Il 2 (25 2 (25) 4 (50) 4 (50) 1(12.5) 3 (37.5)
v 0 (0) 3(100) 0 (0) 0 (0) 1(333) 2 (66.6)
Capsular invasion 0.287 0.232
Negative 9 (22.5) 14 (36.8) 15 (37.5) 11 (28.9) 7 (18.4) 20 (52.6)
Positive 2 (20) 4 (40) 4 (40) 2 (20) 1 (10) 7 (70)
Lymphatic invasion 0.313 0.964
Negative 9 (23.1) 16 (40) 15 (38.5) 1 (27.5) 6 (15.00 23 (575
Positive 2 (25 2 (25) 4 (50) 2 (25 2 (25 4 (50)
Vessel invasion 0.659 0.799
Negative 10 (25) 15 (37.5) 19 (47.5) 12 (273) 7 (15.9) 25 (56.8)
Positive 1 (25) 2 (50) 1 (25) 0 (0 1 (20) 3 (60)
Ki67 protein statement 0.433 0.091
< Mean value 3 (30) 4 (40) 3 (30) 3 (30) 3 (30) 4 (40)
> Mean value 12 (24.5) 20 (40.8) 17 (34.7) 19 (38.8) 6 (12.2) 24 (49)

2 Pearson’s chi-square test.

associated with clinicopathological parameters crucial for
patients’ management and prognosis, whereas there is no
comprehensive research on Eph-A4 member [17,19-22,31].
In this regard, the present study aimed to evaluate the clin-
ical significance of Eph-A2 and Eph-A4 expression in hu-
man benign and malignant thyroid lesions.

The present study shows that Eph-A2 but not Eph-A4 expres-
sion was enhanced in cases with malignant compared to those
with benign thyroid lesions, and especially in papillary car-
cinomas compared to hyperplastic nodules. Expression of
mutant inactive Eph-A2 variants resulted in tumor mass re-
duction, whereas Eph-A2 upregulation was correlated with
tumor stage and progression in several cancers [22,41,43].
Modification of cytoskeletal architecture and loss of expres-
sion of adhesion molecules such as E-cadherin have been con-
sidered as possible effects of Eph-A2 overexpression, which
may in turn lead to cancer cell migration and metastasis.
More specifically, the ratio of Eph receptor to ligand density

seems to play a major role in vivo by modulating integrin
function and increasing tissue invasiveness [44]. However,
the role of this potent bidirectional receptor in tumorigen-
esis and cell migration has been considered far more com-
plex due to ligand-dependency [18]. A dynamic temporal
interaction between Eph-A2, its ligands (mainly ephrin Al),
and tumor microenvironment might reasonably account for
the crucial role of Eph-A2 in several types of cancers. In line
with overexpression patterns observed in other solid organ
malignancies [16,21,45,46], Eph-A2 receptor seems to play
a role in thyroid tumorigenesis, probably associated with
the increased proliferative activity of malignant thyroid le-
sions. Expression of eph-A2 gene, located on chromosome
1p36, was limited to normal tissues with high proliferation
rates [10] (e.g., skin and small intestine), although a sys-
tematic analysis of Eph-A2 expression in normal tissues has
not been done to date. Moreover, we found enhanced pro-
liferative capacity of follicular cells (reflected by Ki-67 pro-
tein statement) expressing Eph-A2 or Eph-A4. Although no
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distinction could be made between malignant and benign
thyroid lesions on the basis of this finding, significant cor-
relations between increased Eph receptor expression and
upregulated proliferative status of thyroid cells might un-
derlie the presence of a common pathogenetic deviation
from normal development in all types of thyroid pathology.

Substantial studies have documented an oncogenic effect of
Eph-A2 even in the absence of related ligands, which may elic-
it malignant transformation and metastatic potential in nor-
mal cells [12,47]. According to Ruoslahti et al, Eph-A2 over-
expression appears to alter extracellular matrix adhesions
rather than affecting cell proliferation, due to mislocalization
and inability of the receptors to bind to their ligands [48].
Moreover, excessive Eph-A2 production was shown to reduce
focal-adhesion kinase (FAK) phosphorylation, thus inhibiting
integrin-mediated cell adhesion and enhancing cell motility
and invasion [9]. However, possible clinical implications of
Eph-A2 expression on local progression of malignant thyroid
lesions were not generated in the present work. Thyroid cap-
sule disruption, a significant pathological determinant influ-
encing the choice of postoperative treatment of malignant
tumors, as well as lymphatic or blood vessel invasion, which
negatively influence prognosis, were not significantly corre-
lated to Eph-A2 and Eph-A4 expression. T3 and T4 malig-
nant lesions showed a higher IHC score — moderate to high
— for Eph-A2 and Eph-A4, compared to T1 and T2 tumors;
however, significant correlations could not be made, possi-
bly due to the small number of locally advanced thyroid can-
cers. Similarly, the 8 cases with nodal involvement could not
be reliably related to Eph-A2 and Eph-A4 expression. With
regard to the TNM stage of thyroid cancers of our study, a
high proportion of early-stage tumors (i.e., T1 and T2) posi-
tively expressed Eph-A2 (72.5% and 69.2%, respectively) with
a moderate IHC score. This finding is consistent with avail-
able data for Eph-A2 expression in colorectal cancer and has
been attributed to high microvessel density in Eph-A2-positive
tumor areas [49], thus emphasizing the role of Eph recep-
tors through angiogenesis in earlier stages of tumorigenesis.

Thyroid cancer is 3 times more prevalent in women than in
men; however, the role of sex hormones in its pathogene-
sis has not yet been elucidated. In this context, several stud-
ies have documented a possible implication of estrogen re-
ceptor (ER)-oc and/or -B in thyroid carcinoma growth and
progression [50,51]. Notably, dual targeting of Eph-A2 and
estrogen receptor (ER) was shown to restore tamoxifen sensi-
tivity in ER/EphA2-positive breast cancer [52]. Eph-A2 over-
expression was also associated with aggressive phenotypic
features and inversely with ER and progesterone receptor
(PR) expression in endometrioid endometrial carcinoma
patients, making Eph-A2 a potential therapeutic target, es-
pecially in hormone receptor-negative endometrial carcino-
ma [53]. Further studies could be conducted to evaluate the
expression profile of both Eph-A2 and ER in thyroid carci-
noma patients and especially in cases where a strong asso-
ciation between ER and thyroid neoplastic transformation
has been documented, such as in the case of papillary car-
cinoma arising in premenopausal women [54].

CONCLUSIONS

Our results suggest that upregulation of Eph-A2 but not
Eph-A4 expression may be associated with the malignant

transformation of thyroid neoplasia. On the other hand,
correlations of Eph-A2 and Eph-A4 with clinicopathological
parameters, which may reinforce their role in tumor inva-
sion and metastasis through modification of adhesive prop-
erties of malignant cells, were not found. However, these
findings are provisional and need to be further confirmed
in cohort studies including a higher proportion of patients
with advanced nodal and metastatic disease. Subset analy-
sis of histological subtypes of papillary and follicular carci-
noma, with the latter the most difficult for pathologists to
diagnose, is also recommended.
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