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Abstract

Background

Although differential expression of retinoic acid receptor (RAR) subtypes between
benign and malignant thyroid tissues has been described, their diagnostic value has
not been reported.

Aim
To investigate the diagnostic accuracy of RAR and retinoid X receptor (RXR) subtype
protein expression for the differential diagnosis of thyroid neoplasms.

Methods

We used a tissue array containing 93 benign thyroid tissues (normal thyroid, multi-
nodular goiter, and follicular adenoma (FA)) and 77 thyroid carcinomas (papillary
thyroid carcinoma (PTC), follicular thyroid carcinoma, and follicular variant of
PTC (FVPTC)). Immunostaining was done for RAR and RXR subtypes. Staining was
analyzed semi quantitatively based on receiver operating curve analyses and using
hierarchical cluster analysis.

Results

We found increased expression of cytoplasmic (c) RARalpha, cRARgamma, cRXRbeta
and decreased expression of nuclear (n) RARbeta, nRARgamma, and nRXRalpha in
thyroid carcinomas compared with benign tissues. We found three proteins differently
expressed between FA and FTC and five proteins differentially expressed between FA
and FVPTC, with high diagnostic accuracies. Using cluster analysis, the combina-
tion of negative staining of membranous RXRbeta and positive staining for cRXRbeta
had a high positive predictive value (98%) for malignant thyroid disease, whereas
the combination of positive nRXRalpha and negative cRXRbeta staining had a high
predictive value (91%) for benign thyroid lesions.

Conclusion

We conclude that differences in RAR and RXR subtype protein expression may be
valuable for the differential diagnosis of thyroid neoplasms. The results of this study
and especially the value of cluster analysis have to be confirmed in subsequent studies.
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Introduction

The microscopical distinction between benign and malignant neoplastic thyroid
nodules by conventional histology is often difficult as these lesions may share overlap-
ping histological characteristics. Therefore, it is important to identify new markers to
distinguish benign from malignant thyroid tumors. In recent years, several immunohis-
tochemical markers have been studied to improve the differential diagnosis of thyroid
lesions, using both candidate markers and unbiased approaches (1-12).

The expression of retinoid receptors may be interesting for the differentiation between
benign and malignant thyroid tissues. Retinoids are important for growth, differentiation,
and morphogenesis in vertebrates (13). Retinoids are derivatives of vitamin A (i.e. retinol).
Retinoid receptors belong to the family of nuclear receptors and can be distinguished in
retinoic acid receptors (RAR) and retinoid X receptors (RXR). According to the literature,
retinoid receptors appear to be differentially expressed in benign and malignant thyroid
tissues, the general picture being decreased expression of retinoid receptor subtypes in thy-
roid cancer (Table 1) (14-20), which may also have therapeutic implications (17,18,21-23).
However, in these publications on retinoid receptor expression in thyroid lesions, the question
whether retinoid receptor expression could be used for the differential diagnosis of thyroid
neoplasms was not addressed, probably because most studies included relatively small
number of patient samples or the studies included only a subset of retinoid receptors (Table 1).

We therefore, decided to study the diagnostic value of RAR and RXR subtype ex-
pression in benign and malignant thyroid tissues, using receiver operating curve (ROC)

analyses as well as hierarchical cluster analysis (12).

Materials and methods

Thyroid tissues

We obtained one hundred and seventy histological samples from surgically removed
thyroid lesions representing five different histological thyroid disorders and adjacent
thyroid normal tissue from the archive of the Department of Pathology of the Leiden
University Medical Center. We selected 93 benign thyroid tissues (normal n=64, mul-
tinodular goiter n=16, follicular adenoma (FA) n=13), and 77 non-medullary thyroid
carcinomas (papillary thyroid carcinoma (PTC) n=53, follicular thyroid carcinoma (FTC)
n=13 and follicular variant of PTC (FVPTC) n=11). All original histological diagnoses
were reviewed by two independent observers. Given the variability in phenotype of
follicular lesions, only micro follicular FA and widely invasive FTC’s were included on
which both observers agreed. Likewise, we only included encapsulated FVPTC tumors
with a typical PTC nuclear pattern on which both observers agreed.



50 Chapter2

OLv) £v9D

(O1V) ¥£YlH
€790 PUB ¥ZULH Ul DYVY [9A9] PRONPay Jgavy 8€¢-O1d (Z1)
8€7-D14 Ul gYVY [9A3] padnpay 0YVY 10|q UIBYHON pue ¥Dd-1y €€1-D14 Saul] [ ¢ (¥00T) /B 19 IB|ZANWYdS
saul| [[92 || Ul 3|qeida1ep gyaxy pue vYXY (O1d) VdN
‘O¥M Ul 3[qe1da1apun Ayxy (O14) OIM
FAXY pue XY Sulurels 1eapdnu PUBSIP Vo O1v) Odv Saul [|92 €
AyXy uoissaidxa ou Dy Vi LT
uoissaidxa d1wse|dojAd ayessapow J1IW 8C
‘uolssaldxa Jeajonu mo| D14 pue D1d AYXY DIV v
BWOUIDIED Ul SWLIOJOS! Jgaxy 10]q WIS pue ¥Dd LY D14 0% 91)
¥XY |[e Jo uolssaidxa Jeajonu paseasda 0YXY Ansiwaydoysiyounwiw| Old 2§ soidwes g/ (£007) /e 19 eWeADR]
J1d 9
210 €
PIERY
gYyXY Jo uoissaidxa €D uMmoudun g
JUsqe 10 pasealdap sajdwes Jowny 71 Jo 6 AdXY sewouape ¢
guxy D¢ sojdwes gy
S|[92 0YXY O1v) €790
D14 U11S9MOT *S|[92 snota}iod o} paredwod AV (OLV) ¥2YlH
19MO| J9AIMOY ‘SaUl| [[9D BLWOUIDIED ||B Juvy 10|q UIBYHON 8€7-O14 (S1)
uo ¢ pue 0 yxy ‘A ‘g “0yvy uoissaidxy 0YVY ¥Od-LY €€1-D14 SQUI[92 ¥ (8661) '/B 19 J9|ZANWYDS
19108 21X0} ¢
Jay1o sy} ul suou v4¢
‘D14 2uo ul uoissaidxa gyvy desepony DONW 9
11D 0¢€
anssi) [ewlou 0} 10| UIDISIAN D14 ¢ 1)
pasedwod D14 ut uoissaidxa gyvy paonpay Juvy Ansiwaydolsiyounwiw| J1d 91 so|dwes gg (8661) ‘[e 19 X1BYOOY
saui|
pajednsaaul 1192 / sajdwes
synsay  103dadaa prounay poyew anssi # Apms

saul| |92 ewoudied pue sajdwes anssiy pioJAy) Ul uoissaidxa 10ydadas X prounal pue 10jdadal pioe d10Udl UO 3INJeId}| JO MIIAIBAQ L d|qeL



Retinoid expression and diagnosis of DTC 51

10)dadal x prounal =yxy

‘10)dadal pIoe dlounal =yyy ‘pPIoe dlounal =y ‘Uonoeas uleyd asepixoiad awi) [eas =yDd-1Y “ewourdsed plolAy) onsejdeue =) ]y ‘ewouldied pioiAy) o13Aoo0ouo
=D 10 ‘BWOUdpE IB|NdI[|0} =Y/ ‘19103 Je|Npou [}jNW =DNW ‘anssl) PIOJAY) [ewiou =710 ‘ewouldled ploJAy) Jejndijjo} =D | 4 ‘ewouldied plosAy) Asejjided =514

€£€-NNS PUB 08-NNS Ul Po12a1ap AYVY
SaUI| |90 924U} || Ul P31D3IBP PYVY
passaldxa Jou gyvy

$]01JU0D 0}
patedwod D1y pue D1d ul gyvy paseasdag
anssi) Jueudijew ul pasealoul pue

anssn uSiuaq ul paseasoap uoissaldxa AYxXy
SaNssIy

eudijew ur paseadap uoissaidxe gyvy
D1V ut Ajuo passaidxa AYxy

HIER)

DLV Ul passaidxa paseasdap g pue 0yxXy
S||90 D14 ul passaidxa Jou gyvy

saul| |[90 || ul passaidxa A pue DYVY

AYvy
Javy
0YVY

Javy

AYXy
gaxy
0YXY
Advy
gavy
YVY

(OLv) 06£-NNS
(OLd) €£6-NNS
(O1d) 08-NNS

D1V ¥
11001
J1d 0l

(O1v) 06-0¥d

(11D) z-avl

(O14) 78-OdM

OL1d) £8-OdW

V4 ¢

Jlv L

Jejnsul |

PIEN!

10]q UI9ISOM PUB ¥Dd-1Y J1d S

\Cum_EwLUOum_r_OCJEE_

soul] |99 ¢
sajdwes g
saul] |90 ¢

(02) (9007) /& 12 Yoy

(61) (5007) 1B 12 19519

saidwes 01 (1) (+007) /& 32 uadney

S} NSaY

pajrednsaaul
10)daday prounay

POYRW

saul
1192 / sajdwes
anssn #

Apmg

panunuo) :| JjqerL



52 Chapter2

Tissue microarray

Formalin-fixed, paraffin-embedded blocks routinely prepared from surgical speci-
mens of thyroid tumors were selected for this study. Representative areas containing
tumor or adjacent normal tissue were identified by a pathologist. Triplicate tissue
cores with a diameter of 0.6 mm were taken from each specimen (Beecher Instru-
ments, Silver Springs, MD, USA) and arrayed on a recipient paraffin block, using
standard procedures (24).

Immunohistochemistry methods

Four micrometer consecutive tissue sections were cut from each arrayed paraffin block
and prepared on pathological slides. The sections were deparaffinized in xylene followed
by 0.3% hydrogen peroxide in methanol at room temperature for 20 min to block en-
dogenous peroxidase. After rehydration, antigen retrieval was performed by microwave
treatment in 0.001 M citrate buffer (pH 6.0). The sections were incubated with the fol-
lowing primary antibodies against RAR and RXR subtypes: anti-RARalpha monoclonal
antibody 9A9A6, dilution 1:3000; anti- RARbeta monoclonal antibody 8B10B2, dilution
1:200; anti-RARgamma monoclonal antibody. 4G-7A11, dilution 1:350; anti-RXRalpha
monoclonal antibody 4RX3A2, dilution 1:1000 (all gifts of Dr C Rochette-Egly, IGBMC,
Illkirch, France), anti-RXRbeta polyclonal antibody sc-831, dilution 1:650 (Santa Cruz
Biotechnology, Santa Cruz, CA, USA); anti-RXRgamma polyclonal antibody sc-555, dilu-
tion 1:500 (Santa Cruz). Sections were incubated overnight at room temperature with
the primary antibodies, dissolved in PBS with 1% bovine serum albumin. Subsequently,
the sections were incubated for 30 min with either the biotinylated rabbit-anti-mouse
conjugate, dilution 1:200 or goat-anti-rabbit, dilution 1:400 (DakoCytomation, Glostrup,
Denmark), followed by incubation for 30 min with the streptavidin-biotin-peroxidase
conjugate. This step was performed by 10-min incubation with 3,3’- diaminobenzidine-
tetrachloride substrate in a buffered 0.05-M Tris/HCI (pH 7.6) solution containing 0.002%
hydrogen peroxide. Negative controls were stained with the primary antibody omitted.
The sections were counterstained with hematoxylin.

Immunohistochemical scoring

A semi quantitative assessment of immunohistochemical scoring was performed
including both the intensity of staining and the percentage of positive cells. The per-
centage of cells with positive staining was scored as follows: >0-20%: 1/, >20-50%:
2',>50-70%: ‘3’, and >70-100% ‘4’. The staining intensity was scored as faint: ‘1,
intermediate: ‘2’, and intense: ‘3’. Scores for proportion of positive cells and intensity
were multiplied. Nuclear, cytoplasmic, and membranous staining was scored inde-
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pendently. The total score per sample therefore ranged from 0 to 12. Score results for
triplicate samples were averaged.

Statistical analyses

Statistical analyses were performed using SPSS 14.0 (SPSS Inc., Chicago, IL, USA).
Initially, staining scores for every individual antibody were expressed as mean + SD
per histological category (Table 2). The next step was the analysis of differences in
staining scores for each antibody between malignant versus benign tissues, malignant
versus normal tissues, FA versus FTC and FA versus FVPTC using the Mann-Whitney
test. For each differentially expressed antibody between two histological categories,
the optimal cut-off value for the distinction between the two categories was deter-
mined by receiver operating characteristic (ROC) analysis. In theory, this could give
different cut-off values for one antibody for different comparisons. Only antibodies
with sensitivities and specificities above 70% were included in further analyses. In
addition to the individual protein markers, the analysis of the diagnostic accuracy of
panels of antibodies was performed using hierarchical clustering analysis of tissue
microarray data using Cluster and TreeView (Cluster and TreeView 2.11; Eisen Lab,
University of California at Berkeley, CA, USA) (12,25). Input for these analyses was
the individual staining score per sample for each antibody. A P-value of <0.05 was
considered significant.

Table 2: Results of retinoid receptor staining

Multi .
Normal it Follicular  FTC FVPTC PTC
nodular
oiter adenoma
n=64 8 n=13 n=13 n=11 n=53
n=16
Nuclear RARa 447 +198 4.06+1.46 4.88=1.67 6.02+3.71 1.12+2.39 2.56=2.43
Cytoplasmic RARa  0.00 £ 0.00 0.00 £0.00 0.00+0.00 2.43+4.47 1.67+2.42 1.21+2.47
Nuclear RARB 853+220 8.62+1.42 863221 562+3.37 578+3.12 621+3.18
Nuclear RARy 456+2.59 3.17+1.40 317226 1.61+1.58 0.85+1.92 2.00 = 2.63
Cytoplasmic RARy ~ 0.00 +0.00 0.00+0.00 0.55+1.81 1.78=3.54 0.54+1.80 0.93 = 2.58
Nuclear RXRa 229+2.00 227+2.03 2.64+2.60 044+0.12 0.00£0.00 037+1.10
Nuclear RXRB 0.71+1.62 036+1.21 0.00=0.00 0.00+0.00 030+095 0.32 =133

Cytoplasmic RXRB  0.07 £0.53 0.00 +0.00 2.18+4.85 5.99+4.89 2.68=+4.54 6.80+4.55
Membranous RXRB 1.66 +2.06 3.34+2.05 4.53+2.69 1.88+1.88 1.41+2.84 0.92+2.20

Scoring method: The percentage of cells with positive staining was scored: >0-20%: ‘1", >20-50%: ‘2,
>50-70%:‘3’, and >70-100% ‘4’. The intensity was scored as faint: ‘1’, intermediate: ‘2’, and intense:
‘3’. These scores were multiplied by each other for a combination score. Score results for triplicate
samples were averaged. Distinctive scores were categorized according to nuclear, cytoplasm and
membranous staining patterns. Data are mean + SD. RAR= Retinoic Acid Receptor RXR= Retinoid X
Receptor
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Results

RAR and RXR expression in thyroid lesions: benign versus malignant

The scores for expression of RAR and RXR receptor subclasses are shown in Table 2
Benign tissue samples had an overall lower expression of cytoplasmic RARalpha (cR-
ARalpha), cytoplasmic RARgamma (cRARgamma), and cytoplasmic RXRbeta (cRXR-
beta) and a higher expression of nuclear RARalpha (nRARalpha), nuclear RARbeta
(nRARbeta), nuclear RARgamma (nRARgamma) and nuclear RXRalpha (nRXRalpha)
compared with malignant tissues. FA scored particularly high for nuclear RXRalpha
(nRXRalpha) and low for nuclear RXRbeta (nRXRbeta) expression. FVPTC also had a
very low expression of nRXRbeta. RXRgamma staining did not reveal a positive result
in all thyroid tissues, and was excluded from further analyses.

A Benign vs. Malignant B Normal vs. Malignant

*
* *
= benign * ® normal
W malignant W malignant
* *
#
L Lo ln
& @@ o ©
&& & & & F

Semiquantitative Score [1-12]
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— %
*
e %

C FA VS, FTC D FA vs. FVPTC

T 10

oo # I #
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g s ]
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Figure 1

Immunostaining of RAR and RXR subtype antibodies in normal, benign, and malignant thyroid
lesions. Immunohistochemistry scores were expressed semi-quantitatively (for explanation, see text).
Data are expressed as mean + S.D. Comparisons between (A) benign and malignant, (B) normal and
malignant, follicular adenoma (FA) and follicular thyroid carcinoma (FTC), and (D) FA and follicular
variant of papillary carcinoma (FVPTC) were performed with the Mann-Whitney test.

*P<0.005; # P<0.05; n= nuclear; c= cytoplasmic; m= membranous; RAR= Retinoic Acid Receptor;
RXR= Retinoid X Receptor
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Figure 1 shows the differences in expression patterns for different categories of
thyroid tissues. All RAR and RXR subtypes appeared to be differentially expressed
between malignant thyroid lesions and normal thyroid tissue.

RAR and RXR expression in thyroid lesions: follicular lesions

The differentiation between follicular lesions (FA, FTC, and FVPTC) is difficult.
Therefore, we compared these subgroups separately. FTC had a significantly lower
expression of nRARbeta, nRXRalpha, and mRXRbeta compared with FA. FVPTC had
a significantly lower expression of nRARalpha, nRARbeta, nRARgamma, nRXRalpha,
and mRXRbeta compared with FA (Figure 1).

ROC analyses

For each differentially expressed antibody between two categories, the optimal cut-
off values for the distinction between the two histological classes were determined
by ROC analysis. Only antibodies with sensitivities and specificities above 70% were
used for further analyses (Table 3). Comparison of the expression between benign and
malignant thyroid tissues revealed sensitivities and specificities >70% for nRXRalpha,
cRXRbeta, and mRXRbeta, the highest sensitivity (89%) and specificity (96%) for
nuclear RXRalpha (Table 3). NRXRalpha and cRXRbeta also discriminated reasonably
between malignant and normal thyroid tissues.

In the comparison between FA and FTC, nRARbeta, nRARalpha, cRXRbeta, and
mRXRbeta had sensitivities and specificities above 70%, the highest sensitivity for FTC
found for nRARalpha (85%) and the highest specificity for nRARbeta (91%; Table 3).

In the comparison between FA and FVPTC, nRARbeta, nRARgamma, nRARalpha,
nRXRalpha and mRXRbeta had sensitivities and specificities above 70%. The highest
sensitivity for FVPTC was found for nRXRalpha (100%) and the highest specificities
for both nuclear nRARalpha (91%) and nRARgamma (91%; Table 3).

Hierarchical cluster analysis

To identify the optimal combinations of RAR and RXR subtype expression for the dif-
ferential diagnosis of thyroid neoplasms, we performed an unsupervised hierarchical
cluster analysis, the results of which are shown in Table 4 and Figure 2. We found
that 98% of thyroid lesions in cluster 2 (negative staining of mRXRbeta and positive
staining for cRXRbeta) were malignant; whereas 91% of the lesions in cluster 4 (posi-
tive staining for nRXRalpha and a negative staining for cRXRbeta) were benign. The
diagnostic parameters are summarized in Table 4. In general, the follicular lesions
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Table 3: Diagnostic value of RAR and RXR differentially expressed in thyroid tissues with sensitivity
and specificity above 70%.

Malignant versus benign Malignant versus normal
Cut-off Sensitivity  Specificity Cut-off Sensitivity Specificity
level® for for level® for for
malignancy — malignancy malignancy — malignancy
(%) (%) (%) (%)
Nuclear RAR B <8.5 72 80
Nuclear RXR a <1 89 96 <1 89 75
E)y(:;’g'asmi“ >1 71 96 >1 71 89
;A)fl':g ranous <1 74 72
FTC versus FA FVPTC versus FA
Cut-off Sensitivity Specificity for ~ Cut-off Sensitivity Specificity
level for FTC (%)  FTC (%) level @ for FVPTC for FVPTC
(%) (%)
Nuclear RAR a <1 85 80 <3 92 91
Nuclear RAR B <8 73 91 <8 91 82
Nuclear RAR y >1 82 91
Nuclear RXR a <1 100 73
E;;’E'asmic 2 71 82
r;;ng ranous <4 82 75 <1 82 82

Benign thyroid tissues= multinodular goiter, follicular adenoma and normal
RAR= retinoic acid receptor, RXR= retinoid X receptor. * Obtained by ROC analyses of semi-
quantitative immunohistochemistry scores.

did not cluster separately, but we found that only one FA was present in cluster 2
(high positive predictive value for malignancy), whereas in cluster 4 (high positive

predictive value for benign lesions) only one FTC was present (Figure 2).

Discussion

The present study was performed to evaluate the diagnostic value of the expression
of RAR and RXR subtypes in a large panel of thyroid neoplasms. To our knowledge,
the diagnostic value of RAR and RXR receptor expression for the differential diagnosis
of thyroid neoplasms has not been published before (14-20). Our study also differed
from earlier ones with regard to the identification of optimal semi quantitative cut-off
levels using ROC analyses and hierarchical cluster analysis.
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Table 4: Diagnostic value of combinations of retinoid receptor staining for benign vs. malignant
thyroid lesions, based on hierarchical cluster analysis.

Combination mRXRp- and

CRXRG+ Combination not present Total

(a) Diagnostic value of combinations of retinoid receptor staining for benign versus malignant thyroid
lesions, based on cluster 2 in hierarchical cluster analysis

Malignant 44 35 79
Benign 1 (FA) 96 98
Total 45 131 176
PPV malignancy = 98% NPV malignancy = 72% LR malignant 56

Combination nRXRa+ and
cRXRB -
(b) Diagnostic value of nRXRa and cRXR staining for benign versus malignant thyroid lesions, based on
cluster 4 in hierarchical cluster analysis

Combination not present Total

Benign 41 56 97
Malignant 4 (3 PTCand 1 FTQ) 75 79
Total 45 130 175
PPV benign = 91% NPV benign = 57% LR benign 8.6

RAR= retinoic acid receptor, RXR= retinoid X receptor, PPV= positive predicting value, NPV= negative
predicting value, LR= likelihood ratio

In general, we found an increased expression of cRARalpha, cRARgamma,
cRXRbeta, and a decreased expression of nRARbeta, nRARgamma, and nRARalpha
in thyroid carcinomas compared with benign thyroid tissue. The most challenging
pathological differential diagnosis is between FA, FTC, and FVPTC. We found three
proteins differentially expressed between FA and FTC and five proteins differentially
expressed between FA and FVPTC. In the comparison between FA and FTC the highest
sensitivity for FTC was found for nRARalpha and the highest specificity for nRARbeta.
In the comparison between FA and FVPTC, the highest sensitivity for FVPTC was
found for nRXRalpha and the highest specificities for nRARalpha and nRARgamma.
Some of these observations are in line with other studies that investigated RAR and/
or RXR expression in thyroid tissue samples (Table 1). Rochaix et al. (14) (Immu-
nohistochemistry), Haugen et al. (18) (RT-PCR), and Elisei et al. (19) (RT-PCR) also
found reduced RARbeta expression in PTC, compared with normal tissue. Rochaix
et al. (14) only investigated two FTC samples of which one sample showed moderate
RARbeta expression and the other did not. Our finding of higher nuclear and lower
cytoplasm expression of RARgamma in malignant thyroid tissues was not reported
before. Nuclear RXRalpha expression was low or absent in thyroid carcinomas in our
study. This finding is confirmed by a paper by Takiyama et al. (16). We did not find
positive RXRgamma staining in thyroid tissues, which is unexpected, given the results
of Haugen et al. by western blot (18).

57
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Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
nRXRA - +/— - + -
mRXRB - - + +/- +
cRXRB - + + - -
Malignant 15 44 6 4 10
Benign 29 1 2 41 24

Figure 2

Hierarchical cluster analyses using RAR and RXR subtype antibodies in thyroid tissues. Nuclear
RXRalpha, cytoplasmic RXRbeta, and membranous RXRbeta were identified as the best predictors

of benign or malignant thyroid lesions. The absence of membranous (m) RXRbeta and the presence
of cytoplasmic (c) RXRbeta had a high positive predictive value for malignancy (98%, cluster 2). The
presence of nuclear (n) RXRalpha and absence of cytoplasmic RXRbeta had a high positive predictive
value for benign lesions (91%, cluster 4). CTL= normal thyroid, FA= follicular adenoma, FTC=
follicular thyroid carcinoma, PTC= papillary thyroid carcinoma, FVPTC= follicular variant PTC.
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There are two studies on RXRbeta expression in thyroid neoplasms (15,16). They
both found decreased or absent expression of RXRbeta in carcinomas. One of these
studies, however, (15) used RT-PCR and contained only 12 human thyroid carcinoma
samples. In our study, we differentiated between nuclear, cytoplasmic, and membra-
nous staining. The only study that also differentiated between nuclear and cytoplasm
staining pattern, only investigated RXR isoform expression (16).

We performed a cluster analysis including all studied tissues and antibodies.
Our findings showed that the combination of negative staining of mRXRbeta and a
positive staining for cRXRbeta had a high accuracy for the detection of malignant
thyroid tissues, whereas the combination of a positive staining for nRXRalpha and a
negative staining for cRXRbeta was present in most benign tissues.

There are some limitations to our study. Although we were able to distinguish
between follicular lesions, the number of follicular lesions was relatively small.
Therefore, additional studies should be performed with larger numbers of follicular
lesions, also including histological subtypes of follicular lesions. Moreover, the find-
ings of our study and the clinical usefulness of hierarchical cluster analysis have to
be validated in subsequent studies and most importantly in cytological preparations.
Also, other difficult-to-classify thyroid neoplasms such as minimally invasive follicu-
lar carcinomas as well as FA subclasses should be included in subsequent studies.
The biological mechanisms responsible for the differential expression of RAR and
RXR between thyroid tissues also remain to be elucidated. In conclusion, differences
in RAR and RXR subtype protein expression as studied by immunohistochemistry may
be of additional value in the differential diagnosis of thyroid neoplasms.
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