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Abstract: The aim of this study was to evaluate the expression of papillary thyroid carcinoma (PTC)-associated tu-
mor markers in follicular epithelial dysplasia showing PTC-like nuclear alterations (FED) in Hashimoto’s thyroiditis
(HT) and to explore the relationship between HT and PTC. In this study, 43 PTC, 18 HT with FED and 16 peritumoral
benign thyroid tissues were immunohistochemically analyzed for CK19, galectin-3, HBME-1, CD56, claudin-1 and
NGAL expression. Our research revealed that in HT, the expression of CK19, galectin-3, HBME-1, claudin-1 and
NGAL was focal and limited to FED, while CD56 was strongly positive in FED and most Hurthle cells. The stain in-
tensity of CK19, claudin-1 and NGAL in FED decreased compared with PTC, but were significantly higher than that
in peritumoral benign thyroid tissues (all P < 0.0125). For galectin-3, HBME-1 and CD56, no statistically significant
difference was detected between HT and peritumoral benign thyroid tissues (all P > 0.05). In conclusion, In HT, FED
might be a precancerous condition closely associated with PTC development as they have overlaps in cytological
and immunomarker profiles, indicating that in patients with HT, under prolonged stimuli from chronic inflammation,
part of follicular epithelia may show regeneration, hyperplasia, Hurthle cell metaplasia and dysplasia, eventually
malignant transformation. Hence, long term follow-up and regular inspection would be necessary for Hashimoto’s
thyroiditis with FED.
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Introduction

Epidemiological studies have confirmed the
correlation between cancer and chronic inflam-
mation. The great examples of this connection
were the association between hemochromato-
sis, viral hepatitis B or C and liver cancer, chron-
ic gastric infection with Helicobacter pylori and
gastric cancer or MALT, and Crohn’s disease or
ulcerative colitis and colon cancer [1]. In this
regard, chronic inflammatory states are thought
to contribute to approximately 20-25% of all
human malignancies [1].

Hashimoto’s thyroiditis (HT) was also known as
chronic lymphocytic or autoimmune thyroiditis.
The coexisting of HT with PTC has been noticed
for decades. However, there is still no clear evi-
dence whether HT was a risk that can promot-

ed the development of PTC [2]. Recently, the
incidence of HT coexisted with thyroid carcino-
ma, especially with PTC, was rising obviously,
and their relationship re-aroused the concern
of clinicians and pathologists. We have reviewed
272 histological confirmed HT cases in Tongji
Hospital in the last seven years, and find that
25.37% (69) cases were coexistent with thyroid
carcinoma, among which all were PTC. From
January 2007 through June 2013, the preva-
lence of PTC and HT coexistence were respec-
tively 21.74%, 16.67%, 16.67%, 18.42%,
27.66%, 28.81% and 31.75%, which showed
that HT was associated with an increased risk
of developing PTC. Histologically, in addition to
eosinophilic variant of follicular epithelium
which usually associated with thyroid follicular
atrophy or damage, we could also observe fol-
licular epithelium dysplasia (FED) in the form of
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Table 1. Properties of primary antibodies used in the study

Antigen Clone Source Dilution Supplier
Cytokeratin 19 MAB-0056 Mouse mAb Ready-to-use Maixin-BIO China
Galectin-3 MAB-0572 Mouse mAb Ready-to-use Maixin-BIO China
CD56 MAB-0256 Mouse mAb Ready-to-use Maixin-BIO China
HBME-1 GM350504 Mouse mAb Ready-to-use Gene Tech, China
Claudin-1 ZA-0365 Rabbit pAb  Ready-to-use ZSGB-BIO, China
Lipocalin 2 (NGAL) ab41105 Rabbit pAb 1:200 abcam, UK

Abbreviation: mAb, monoclonal antibody; pAb, polyclonal antibody.

roid tumors than in be-
nign ones, the later inc-
luding follicular adeno-
mas, Hurthle cell adeno-
mas and atypical adeno-
mas. What's more, no
NGAL staining was found
in the normal thyroid gla-
nd, the nodular colloid
goiters nor in Hashimo-

scattered microfollicles lacking of follicular col-
loid or irregularly shaped follicles in HT tissues,
especially in the areas of dense surrounding
lymphocytic infiltrate. These follicles were fre-
quently lined by Hurthle cells or cells with lightly
stained cytoplasm. Some follicular cells were
histologically similar to PTC with enlarged, clear
nuclear and grooves. Such lesions were usually
small without integrating into a film. In few
cases the extension were greater, but still on
the background of HT diseases. Whether these
alteration implied the earliest or precancerous
lesion of PTC has not been a confirm conclu-
sion.

With high sensitivity and specificity, positive
staining panel of Galectin-3, mesothelial anti-
gen HBME-1 and cytokeratin-19 (CK19) have
been proved to be the most promising and
most frequently used molecular markers in
identifying papillary thyroid cancer, including
follicular variant [3, 4]. They were first prefer-
ence in many hospitals and communities for
their easy-to-use character [3]. CD56, as a neu-
ral cell adhesion molecular [5], was proved to
be frequent expressed in normal thyroid follicu-
lar cells, whereas, absent in malignant thyroid
tumors especially in PTC [6, 7]. Claudin-1, a
novel marker for PTC, is identified as a tight
junction component belonging to claudin family
[8]. Several evidences in gene [9, 10] and pro-
tein [7, 11] level showed that the expression of
claudin-1 was evaluated in PTC, whereas, it was
absent or weak staining on the membrane of
normal and benign thyroid lesions. Another new
detector for PTC is neutrophil gelatinase-asso-
ciated lipocalin (NGAL), which involved in can-
cerogenesis and cancer progression by increas-
ing iron uptake from the extracellular space to
inner cells [12, 13]. Barresi’s et al. [13, 14]
found that NGAL expression appeared to be
significantly more frequent in the malignant thy-
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to’s thyroiditis.

The present study was designed to evaluate
the expression of CK19, galectin-3, HBME-1,
CD56, claudin-1 and NGAL in FED, and com-
pare them with PTC and C, so as to investigate
the relationship between PTC and FED at pro-
tein level, and clarify the biological significance
of FED in HT disease.

Materials and methods
Materials

Atotal of 77 formalin-fixed and paraffin embed-
ded thyroidetectomy specimens dating from
January 2011 to March 2013 in the Pathology
department of Tongji hospital affiliated to
Tongji Medical college of Huazhong University
of Science and Technology were selected for
this experiment, among which 43 cases of PTC
(28 were associated with HT) and16 peritumor-
al benign thyroid tissues used as control (C)
were selected according to the diagnostic crite-
ria of World Health Organization classification
of tumor; 18 cases of Hashimoto’s thyroiditis
with FED were selected using stringent diag-
nostic criteria shown in the introduction. The
selected 43 PTC samples included 3 males and
40 females, ranging from 16 to 63 years old
(mean: 39.58+11.052 year).

Immunohistochemistry

Immunohistochemical staining of EnVision de-
tection system was performed on consecutive
sections (4 um thick) from each archival tissue
block. Primary antibodies, sources, and dilu-
tions are listed in Table 1. According to the
manufacture’s instruction, all sections were
deparaffinized with xylene, rehydrated through
a series of descending graded alcohols. Antigen
retrieval was performed in 1 mM EDTA PH 8.0
(CK19, galectin-3, CD56, claudin-1) or in citrate
buffer PH 6.0 (NGAL) in a pressure cooker for

Int J Clin Exp Pathol 2014;7(11):7999-8007



Epithelial dysplasia in Hashimoto’s thyroiditis

P

Figure 1. The expression of six thyroid tumor makers in PTC and control (EnVision). A. HE (magnification 200x) for
classic PTC and control (upside), PTC showed nuclear features of enlarged, oval, overlapping, clear nuclear and
grooves (underside). B. CK19 (magnification 400%) showed strong cytoplasm staining in PTC (underside) and focal
weak positive in C (upside). C. Galectin-3 (magnification 400x) showed diffuse but moderate or weak cytoplasm
staining in most PTC cases (underside), with occasional nuclear expression, whereas, it was completely negative in
control (upside). D. NGAL showed a mixed cytoplasm and nuclear staining pattern, with cytoplasm expressing much
stronger in PTC (magnification 400x), whereas, it was negative in control (inset, magnification 200x). E. claudin-1
showed predominantly membrane staining (the lateral membranous surface) in PTC (magnification 400x), while
was absent in control (inset, magnification 100x). F. CD56 (magnification 400%) showed strong and complete mem-
brane expression in control (underside), while was absent in PTC (upside). G. HBME-1 (magnification 400x) showed
predominantly strong membrane staining pattern (at the luminal side, papillary or the lateral membranous surface)
in PTC (underside), whereas absent in C (upside).

Table 2. Staining intensity of tumor markers in PTC, controls
and FED

CK19 Galectin-3 HBME-1
Group n
0 1+ 2+~3+ 0 1+ 2+~3+ 0 1+ 2+~3+
PTC hptc 26 0 2 24 2 14 10 5 10 11
ptc 17 0 2 15 0 10 7 1 2 14*
C 16 9 b5 2 16 0 0 16 0 0
FED 18 0 13 5bA 11 7 0% 16 2 0¥«
CD56 Claudin-1 NGAL
Group n

0 1+ 2+~3+ 0O 1+ 2+~3+ 0O 1+ 2+~3+

PTC hptc 26 19 5 2 2 6 18 1 5 20
ptc 17 15 2 0 2 1 14 2 2 13

Control 16 0 O 16 16 O 0 16 O 0

FED 18 1 4 13% 5 13 0A 5 8 5A

Abbreviation: No., the number of cases; PTC, all papillary thyroid carcinoma;
hptc, papillary thyroid carcinoma coexisted with Hashimoto’s thyroiditis; ptc,
papillary thyroid carcinoma without Hashimoto’s thyroiditis; Control, benign
thyroid tissues; FED, follicular epithelial dysplasia showing PTC-like nuclear
alterations in Hashimoto’s thyroiditis; *compared with hptc, P = 0.031;
Acompared with PTC and C, all P < 0.001; Yccompared with PTC, all P < 0.01.

1.5 minutes at 120°C. Sections did not get the
antigen retrieval program with HBME-1. Endo-
genous peroxidase activity was blocked by

using 3% H,0, for 20 min. They
were then incubated with primary
antibody for 1 hour at room tem-
perature, followed by a peroxi-
dase-conjugated Polymer (Dako
REAL EnVision/HRP, Rabbit/mou-
se (ENV) reagent of the kit k5007,
Denmark) for 30 min. To reveal
the immune-staining, the sec-
tions were incubated with Dako
REAL DAB + Chromogen for 5 min
(Dako k5007, Denmark), then
counterstaining with hematoxylin,
followed by dehydration and mou-
nting. Slides were examined using
BX50 optical microscope (Olym-
pus, Japan) with SPOT-II digital
imaging software (DIAGNOSTIC
instrument, inc. USA). Normal hu-
man skin was used as positive
control for claudin-1, human col-
on tissue for lipocalin 2 (NGAL),

gastrointestinal stromal tumor for HBME-1,
neuroblastoma tissue for CD56. A classic PTC
known to react diffusely and strongly with CK19
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Table 3. Expression of six tumor markers in
PTC with or without HT

Species PTC coexisted PTC without p
P with HT 26 (%) HT 17 (%)

CK19 (+) 26 (100) 17 (100) *
Galectin-3 (+) 24 (92.3) 17 (100) 0.360

HBME-1 (+) 21 (80.8) 16 (94.1) 0.221
CD56 (-) 19 (73.08) 15(88.2) 0.211
Claudin-1 (+) 24 (92.3) 15(88.2) 0.521
NGAL (+) 25 (96.2) 15(88.2) 0.342

and galectin-3 was used as the positive con-
trol. PBS was used as negative control instead
of primary antibody.

Interpretation of the immnohistochemical
staining

The proteins were considered expressed when
at least 10% of tumor cells or 10% thyrocytes
with PTC-like nuclear alterations were positive
according to the data published earlier [3, 11,
14-17]. The immune staining intensity of each
thyroid tumor marker was graded as (0) no
staining or less than 10% of the cells were faint
yellow, (1) more than 10% of the cells were faint
yellow, (2) yellow (3) brown yellow.

Statistical analyses

All statistics were analyzed by using SPASS
Program Version 18.0, Fisher exact probability
test and non-parametric rank sum test (Mann-
Whitney test) were used for significance analy-
sis (P < 0.05). In addition, the sensitivity (posi-
tive ratio) and specificity were assessed as
follows: Sensitivity = true positive/true positive
+ false negative; Specificity = true negative/
true negative + false positive.

Results

Expression of CK19, galectin-3, HBME-1,
CD56, claudin-1 and NGAL in PTC and peritu-
moral benign thyroid tissues

CK19, Galectin-3 and NGAL expressed mainly
in the cytoplasm of follicular epithelium, at the
same time, Galectin-3 and NGAL also showed
occasional nuclear expression (Figure 1B-D).
Claudin-1 expressed mainly in the membrane
(Figure 1E) with occasional cytoplasm weak
positive. CD56 often showed strong and com-
plete membrane expression in benign thyroid
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follicular epithelium (Figure 1F). The expression
of HBME-1 is mainly on membrane, which is at
the luminal side, papillary or the lateral mem-
branous surface, with or without the cytoplasm
and the content of glandular cavity staining
positive (Figure 1G). In most PTC cases, CK19,
galectin-3, HBME-1, claudin-1 and NGAL all
showed a strong and diffuse staining pattern,
while in peritumoral benign thyroid tissues
(control), Galectin-3, HBME-1, claudin-1 and
NGAL were all negative and CK19 showed a
focal weak staining pattern (Figure 1B-E, 1G).
CD56 showed moderate or strong and diffuse
expression in all controls, while absent in the
majority of PTC tissues (Figure 1F). Fisher exact
probability test and Mann-Whitney test showed
that the differences for the positive ratio and
staining intensity of CK19, Galectin-3, HBME-1,
CD56, claudin-1 and NGAL between PTC and
control were all statistically significant (all P <
0.001).

Expression of CK19, galectin-3, HBME-1,
CD56, claudin-1 and NGAL in PTC associated
with HT and PTC alone

The staining intensity of the above six thyroid
tumor markers between PTC associated with
HT and PTC without HT were summarized in
Table 2. In 57.7% (15/26) PTC-associated with
HT, the staining intensity of HBME-1 was often
negative or weak positive, while 82.35%
(14/17) PTC without HT tissues were frequently
moderate or strong and diffuse positive with
HBME-1. Mann-Whitney test detected that the
difference was statistically significant (P =
0.031). But the difference in terms of the stain-
ing intensity of the remaining five thyroid tumor
markers between PTC associated with HT and
PTC without HT were not statistically significant
(all P> 0.05). As shown in Table 3, in 26 cases
of PTC coexisted with HT, the sensitivity of
CK19, galectin-3, HBME-1, CD56, claudin-1
and NGAL were 100% (26/26), 92.3% (24/26),
80.8% (21/26), 73.08% (19/26), 92.3% (24/26)
and 96.2% (25/26), respectively. While among
17 PTC without HT, the sensitivity of CK19,
galectin-3, HBME-1, claudin-1 and NGAL were
100% (17/17), 100% (17/17), 94.1% (16/17),
88.2% (15/17), 88.2% (15/17), 88.2% (15/17),
respectively. Fisher exact probability test
showed no statistically significant difference
for the expression of the above six indicators
between PTC associated with HT and PTC with-
out HT (the value of P were all > 0.05).
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Figure 2. The expression of six thyroid tumor markers in FED and Hurthle cells (EnVision). A. HE sections of Hurthle
cells in HT with abundant eosinophilic cytoplasm, hyperchromatic, mild nuclear atypia (enlarged, round and rare
grooves), but maintain the normal lobular architecture (magnification 400x). B. HE section of FED with moderate
cytological atypia (enlarged, oval, crowed, irregularity, clear nuclei and grooves) and follicular architectural distortion
(lacking of follicular colloid) in areas of sever inflammation (magnification 200x; inset, 400x%). C, D. CK19 showed fo-
cal weak positive in Hurthle cells (magnification 200x), and scattered strong positive in FED tissues (magnification
400x). E, G, I, K. NGAL, Claudin-1, Galectin-3 and HBME-1 were all completely negative in Hirthle cells (magnifica-
tion 200x, 100x, 200x%, 200x). F. In FED, NGAL expressed mainly on the cytoplasm, with occasionally nuclear ex-
pression (magnification 400x); H. Claudin-1 showed weak membrane staining pattern in FED (magnification 400x).
J. Galectin-3 was nearly negative in FED (magnification 400x). L. In FED, HBME-1 stain was focal and limited to
thyrocytes with PTC-like nuclear alterations (magnification 400x). M, N. CD56 showed strong and complete staining
pattern in both Hirthle cells and FED tissues (magnification 200x, 400x).

Expression of CK19, galectin-3, HBME-1,
CD56, claudin-1 and NGAL in HT with FED

On routine microscopic examination, HT show-
ed follicular regenerative activity in the form of
numerous small follicles, frequently lined by
Hurthle cells. Hurthle cells had abundant eosin-
ophilic cytoplasm, hyperchromatic, mild to mo-
derate nuclear atypia (mildly enlarged with
round shape and rare grooves) but still main-

8003

tain normal lobular architecture (Figure 2A).
FED (Figure 2B) usually presented in areas of
severe inflammation with moderate cytological
atypia (enlarged, oval, crowded, irregularity, cle-
ar nucleus and grooves) and irregularly shaped
follicles. Some may have small follicular struc-
ture, but lack of follicular colloid. Such lesions
were insufficient to be diagnosis as PTC mor-
phologically for the presence of dense sur-
rounding lymphocytic infiltrate, absence of
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sclerosis (stromal desmoplasia), infiltrative gro-
wth, papillary architecture, and intranuclear
pseudoinclusions. The expression of PTC asso-
ciated proteins in FED was noted frequently in
scattered thyrocytes showing PTC-like nuclear
alterations.

As shown in Table 2, 18 cases of HT all showed
scattered CK19 expression in FED, but 13
cases were weak positive and the remaining 5
were moderate staining (Figure 2D). In Hurthle
cells (Figure 2C), CK19 showed focal and weak
staining pattern as it has been in control group.
Furthermore, most positive cells were closely
adjacent to lymphoid aggregates and display-
ing severe eosinophilic change. In 72.2% (13/
18) NGAL positive FED cases, 8 was focal weak
positive (Figure 2F), 4 were moderate, only 1
was strong positive. While Hurthle cells with
eosinophilic change alone were negative with
NGAL (Figure 2E). Mann-whitney U test showed
the different in terms of staining intensity of
CK19 and NGAL between FED and PTC were
statistically significant (both P < 0.001), the
same for FED and control (P, ,, = 0.004, Pngal <
0.001). In conclusion, the expression of CK19
and NGAL in FED decreased when compared
with PTC, but still significantly higher than that
in the control.

Claudin-1 all showed focal and weak expres-
sion in FED tissues (Figure 2H). In Harthle cells
with eosinophilic change alone, claudin-1 was
absent (Figure 2G). The difference in terms of
staining intensity between FED and PTC, and
between FED and C were both statistically sig-
nificant (both P < 0.001). In short, the expres-
sion level of claudin-1 in FED was intermediate
between PTC and the control.

The expression of galectin-3 and HBME-1 was
also focal and weak in FED tissues (Figure 2J,
2L), while in Hurthle cells and controls, both of
them were completely absent (Figure 21, 2K).
Compared with the three indicators described
earlier, both the positive ration and staining
intensity of galectin-3 and HBME-1 were low,
and the positive ratio was 38.9% (7/18) and
11.1% (2/18), respectively, which were the low-
est in this research. The difference in terms of
staining intensity between FED and the control
was not statistically significant (both P > 0.05),
but were statistically significant between PTC
and FED (both P < 0.001).
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The positive ration of CD56 in FED was 94.4%
(17/18), among which 13 (72.2%) cases were
moderate to strong positive (Figure 2N). Only
one was negative and 4 was weak positive. The
difference in terms of staining intensity had no
statistical significance between FED and con-
trol group (P = 0.251), while were statistically
significant between FED and PTC (P < 0.001).
Meanwhile, CD56 also showed strong and com-
plete staining pattern in Hurthle cells with
eosinophilic change alone (Figure 2M).

In conclusion, in HT tissues, FED shared similar
immune phenotype with PTC, but not complete-
ly. The stain intensity of CK19, claudin-1 and
NGAL decreased compared with PTC, but it was
still significantly higher than in C. Although
galectin-3 and HBME-1 expression in FED had
no significant difference as contrasted with C, a
minority of thyrocytes with PTC-like nuclear
alteration still showed clearly galectin-3 and
HBME-1 staining, while in controls and Hurthle
cells, Galectin-3 and HBME-1 were completely
negative. Only in very few atypical cells with
PTC-like nuclear alteration, the expression of
CD56 decreased.

Discussion

Recently, epidemiological studies have con-
firmed the correlation between cancer and
chronic inflammation, in particular for the gas-
trointestinal tract, where the link between
chronic active inflammation and the risk of
digestive carcinoma onset is now well-estab-
lished [18]. HT, induced by multiple genetic and
environmental factors, was featured with com-
plex autoimmune disorder [19] and was first
described by Hakaru Hashimoto in 1912 [2,
20]. So far, up to about 2% of general popula-
tion was plagued by this disease, which was
predominantly female with gender prevalence
ratios of 5 to 10:1 [20] and the incidence still
increasing sharply. PTC is the most prevalent
form of thyroid cancer comprising approximate-
ly 80% of thyroid epithelial malighancies [2].
The controversial relationship between PTC
and HT had gone on debate for more than 60
years [21]. But some concordant epidemiologi-
cal data truly revealed that HT was frequently
associated with thyroid carcinoma, particularly
with PTC.

Plenty of epidemiological survey reported that
the occurrence of HT in PTC varied from 5 to
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85% [22], it was more frequently observed in
PTCs than in benign thyroid diseases and other
carcinomas. Although population-based FNAB
studies report no significant relationship bet-
ween these two diseases, studies on thyroidec-
tomy specimens report a positive link [23]. In
addition, other studies recovered a genetic link
between HT and PTC involving the PI3K/Akt
pathway and RET/PTC gene rearrangement
[18]. There are also several similarities between
HT and PTC at histological level, such as prolif-
erating nodules and PTC-like nuclear altera-
tions.

Prasad et al. [17] found that PTC-associated
proteins (galectin 3, CITED1, cytokeratin 19
(CK19), HBME1 and fibronectin 1) were focal
expressed in thyrocytes with PTC-like nuclear
alterations in HT. Consistently, HT also showed
focal or scattered expression with CK19,
Galectin-3, HBME-1, CD56, claudin-1 and NGAL
in follicular epithelial dysplasia showing PTC-
like nuclear alterations in our research. Among
18 FED cases, although the positive ratio of
CK19, NGAL, claudin-1, galectin-3, HBME-1
were 100% (18/18), 72.2% (13/18), 72.2%
(13/18), 38.9% (7/18), 11.1% (2/18), respec-
tively, the stain intensity were weak and local
contrast with PTC. The over-expression of
Galectin-3 has been demonstrated to be nec-
essary for maintaining the transformed pheno-
type in PTC cell lines, a phenotype associated
with malignant transformation and progression
toward metastatic potential [24]. HBME1,
galectin-3, claudin-1 and NGAL were not exp-
ressed in cells other than PTC and FED. Their
expression in thyrocytes is abnormal and app-
ears to be associated with neoplastic change.
The expression of CD56 was closely related to
the differentiation of thyroid epithelium [25]. In
present study, diffuse strong CD56 staining
was seeing in 94.4% (17/18) of FED. As com-
pared with PTC and controls, only very few cells
in FED were negative with CD56 suggesting
that malignant transformation has not yet been
fully established in FED tissues. In summary,
we could proposed that follicular epithelial dys-
plasia with PTC-like nuclear alterations may
possibly be a precursor of PTC, but not suffi-
cient for the diagnosis of PTC.

Although a recent study by Nasr et al. [26] sug-
gested that HBME1+ and CK19+ atypical cell
clusters, found in HT, could not be considered
to be preneoplastic as they did not harbor the
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BRAF mutation, several studies conducted by
Muzza et al [27], Kang et al [28] and Sargent et
al [29]. on a large series of PTCs with or without
thyroiditis, consistently showed that the RET/
PTC rearrangement was more often present in
PTCs associated with autoimmunity, whereas
the BRAFV60OE mutation was encountered
more frequently in PTCs alone. In our research,
the immune phenotype between PTC with or
without HT was basically the same except for
HBME-1, which implied that the expression
spectrum of most tumor markers between th-
em were concordant. Thus, they may be etio-
logically related. In our research, 57.7% (15/26)
PTC-associated with HT were negative or weak
positive with HBME-1, while 82.35% (14/17)
PTC without HT tissues were moderate to
strong and diffuse positive with HBME-1. Mann-
Whitney test detected that the difference was
statistically significant. Whether it was respon-
sible for the long recurrence-free survival in
PTC coexisted with HT patients need further
investigations.

Tumor formation is a progressive process that
multiple gene and protein alteration were
involved, resulted in a continuous morphologi-
cal and cytological change from normal tissue
to a fully established neoplasm. According to
our experimental observation, we believed that
FED was an intermediate stage between benign
Hashimoto’s thyroiditis and PTC, a condition
sharing part of genetic and morphological fea-
tures with PTC [30]. In HT tissues, thyroid folli-
cles showed variably atrophy, regeneration,
hyperplasia and Hurthle cell metaplasia, until
the presence of focal or scattered PTC-like nu-
clear atypical, particularly in areas with intense
lymphoma infiltration and lymphoid follicles for-
mation, which implied that these alteration in
thyroid follicular epithelium may be a progres-
sive spectrum on the background of autoim-
mune inflammatory disorder. The expression of
several PTC-associated proteins were focal or
scattered and mainly in small clusters of thyro-
cytes with PTC-like nuclear alteration, suggest-
ing that focal molecular transformation occu-
rred on a background of atrophy, regeneration
and Hurthle cell metaplasia in atypical follicular
epithelium with PTC-like nuclear alteration [17].

In Hashimoto’s thyroiditis, FED might be a pre-
cancerous lesion associated with PTC develop-
ment. The overlaps between them in cytologi-
cal, immunomarker profiles and genetic fea-
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tures further supported this assumption, indi-
cated that in patients with HT, under prolonged
stimuli from chronic inflammation, part of fol-
licular epithelium may show regeneration,
hyperplasia, Hurthle cell metaplasia and dys-
plasia, eventually malignant transformation.
Hence, long-term follow-up and regular inspec-
tion would be necessary for patients with
Hashimoto’s thyroiditis.
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