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48 Chapter 2

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 fi ve 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 confi rmed in subsequent studies.
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Retinoid expression and diagnosis of DTC 49

Introduction

The microscopical distinction between benign and malignant neoplastic thyroid 

nodules by conventional histology is often diffi cult 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 fi ve 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.
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52 Chapter 2

Tissue microarray

Formalin-fi xed, paraffi n-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 identifi ed 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 paraffi n block, using 

standard procedures (24).

Immunohistochemistry methods

Four micrometer consecutive tissue sections were cut from each arrayed paraffi n block 

and prepared on pathological slides. The sections were deparaffi nized 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/HCl (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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Retinoid expression and diagnosis of DTC 53

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 specifi cities 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 signifi cant.

Table 2: Results of retinoid receptor staining

Normal

n=64

Multi 
nodular 
goiter
n=16

Follicular 
adenoma
n=13

FTC

n=13

FVPTC

n=11

PTC

n=53

Nuclear RARα 4.47 ± 1.98 4.06 ± 1.46 4.88 ± 1.67 6.02 ± 3.71 1.12 ± 2.39 2.56 ± 2.43

Cytoplasmic RARα 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 RARβ 8.53 ± 2.20 8.62 ± 1.42 8.63 ± 2.21 5.62 ± 3.37 5.78 ± 3.12 6.21 ± 3.18

Nuclear RARγ 4.56 ± 2.59 3.17 ± 1.40 3.17 ± 2.26 1.61 ± 1.58 0.85 ± 1.92 2.00 ± 2.63

Cytoplasmic RARγ 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 RXRα 2.29 ± 2.00 2.27 ± 2.03 2.64 ± 2.60 0.44 ± 0.12 0.00 ± 0.00 0.37 ± 1.10

Nuclear RXRβ 0.71 ± 1.62 0.36 ± 1.21 0.00 ± 0.00 0.00 ± 0.00 0.30 ± 0.95 0.32 ± 1.33

Cytoplasmic RXRβ 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 RXRβ 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

Dieke Hoftijzer BW.indd   53Dieke Hoftijzer BW.indd   53 23-02-11   15:1923-02-11   15:19



54 Chapter 2

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. 

*

*

*

*
*

*

*
malignant malignant

*

*
*

*

*

*

*

*
* *

*
#

#

# #

# #

D

BA

C

*

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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Retinoid expression and diagnosis of DTC 55

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 diffi cult. 

Therefore, we compared these subgroups separately. FTC had a signifi cantly lower 

expression of nRARbeta, nRXRalpha, and mRXRbeta compared with FA. FVPTC had 

a signifi cantly 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 specifi cities above 70% were 

used for further analyses (Table 3). Comparison of the expression between benign and 

malignant thyroid tissues revealed sensitivities and specifi cities >70% for nRXRalpha, 

cRXRbeta, and mRXRbeta, the highest sensitivity (89%) and specifi city (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 specifi cities above 70%, the highest sensitivity for FTC 

found for nRARalpha (85%) and the highest specifi city for nRARbeta (91%; Table 3).

In the comparison between FA and FVPTC, nRARbeta, nRARgamma, nRARalpha, 

nRXRalpha and mRXRbeta had sensitivities and specifi cities above 70%. The highest 

sensitivity for FVPTC was found for nRXRalpha (100%) and the highest specifi cities 

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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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 identifi cation of optimal semi quantitative cut-off 

levels using ROC analyses and hierarchical cluster analysis.

Table 3: Diagnostic value of RAR and RXR differentially expressed in thyroid tissues with sensitivity 
and specifi city above 70%. 

Malignant versus benign Malignant versus normal

Cut-off 
level a 

Sensitivity 
for 
malignancy 
(%)

Specifi city 
for 
malignancy 
(%)

Cut-off 
level a 

Sensitivity 
for 
malignancy 
(%)

Specifi city 
for 
malignancy 
(%)

Nuclear RAR β <8.5 72 80

Nuclear RXR α <1 89 96 <1 89 75

Cytoplasmic 
RXR β

>1 71 96 >1 71 89

Membranous 
RXR β

<1 74 72

FTC versus FA FVPTC versus FA

Cut-off 
level a

Sensitivity 
for FTC (%)

Specifi city for 
FTC (%)

Cut-off 
level a

Sensitivity 
for FVPTC 
(%) 

Specifi city 
for FVPTC 
(%)

Nuclear RAR α <1 85 80 <3 92 91

Nuclear RAR β <8 73 91 <8 91 82

Nuclear RAR γ >1 82 91

Nuclear RXR α <1 100 73

Cytoplasmic 
RXR β 

>2 71 82

Membranous 
RXR β 

<4 82 75 <1 82 82

Benign thyroid tissues= multinodular goiter, follicular adenoma and normal 
RAR= retinoic acid receptor, RXR= retinoid X receptor. a Obtained by ROC analyses of semi-
quantitative immunohistochemistry scores.
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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 fi ve 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 specifi city for nRARbeta. 

In the comparison between FA and FVPTC, the highest sensitivity for FVPTC was 

found for nRXRalpha and the highest specifi cities 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 fi nding 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 fi nding is confi rmed by a paper by Takiyama et al. (16). We did not fi nd 

positive RXRgamma staining in thyroid tissues, which is unexpected, given the results 

of Haugen et al. by western blot (18).

Table 4: Diagnostic value of combinations of retinoid receptor staining for benign vs. malignant 
thyroid lesions, based on hierarchical cluster analysis.

Combination mRXRβ- and 
cRXRβ+

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 nRXRα+ and 
cRXRβ -

Combination not present Total 

(b) Diagnostic value of nRXRα and cRXRβ staining for benign versus malignant thyroid lesions, based on 
cluster 4 in hierarchical cluster analysis

Benign 41 56 97

Malignant 4 (3 PTC and 1 FTC) 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
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Figure 2 
Hierarchical cluster analyses using RAR and RXR subtype antibodies in thyroid tissues. Nuclear 
RXRalpha, cytoplasmic RXRbeta, and membranous RXRbeta were identifi ed 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 fi ndings 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 fi nd-

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 diffi cult-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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