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Study on molecular diagnostic markers of differentiated thyroid tumors

Ma Ning, Wang Chaojie, Zhou Yun( Department of Oncology, People’ s Hospital Affiliated to Zhengzhou University,
Zhengzhou 450003, Henan, China )

[ Abstract ] Objective: To identify molecular markers for accurate diagnosis of thyroid cancer the molecular phenotypes
of varied proteiumark were evaluated in differentiated thyroid cancer ( DTC ) and benign thyroid lesions. Methods: Tissue
microarrays containing 100 benign and 99 malignant thyroid lesions were stained for a panel of 57 molecular markers. Cor-
relation between the marker staining and tumor pathology ( DTC versus benign tumor ) were determined using contingency
table and Mann-Whitney U ( MU ) tests. A Random Forests classifier algorithm was also utilized to identify meaningful im-
portant molecular classifiers. Results: Of the 57 diagnostic markers evaluated, 35 ( 61% ) were significantly associated
with a DTC diagnosis after multiple testing correction. Among them, 8 markers were downregulated and 27 ones upregulat-
ed in DTC, when compared with benign thyroid tumor. The most significant markers for DTC diagnosis were Galectin-3,
Cytokeratin 19, Vascular Endothelial Growth Factor, Androgen Receptor, pl6, Aurora-A, and HBME-1. Using the entire
molecular marker panel, a Random Forests algorithm was able to classify a neoplasm as DTC or benign tumor with an esti-
mated sensitivity of 87.9% , specificity of 94.0% , and accuracy of 91.0% . Conclusion: Evaluating the DTC and benign
thyroid tumor molecular phenotypes has allowed us to identify a diagnostic marker panel, which may help differentiate DTC
with benign tumors and improve patient selection for thyroid surgery.
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Tab.1 Clinical and pathologic characteristics
of entire study cohortl N =199 )

[tem n

Gender

Male 51

Female 148
Age (1/a)

<45 95

=45 104
Benign lesion

Follicular adenoma 26

Goiter 54

Hashimoto’ s thyroiditis 3

Hurthle cell adenoma 10

Hyperplastic nodule 4

Chronic lymphoeytic thyroiditis 3
Malignant lesions

PTC 90

FTC 6

HCC 3
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Tab.2 Clinical and pathologic characteristics

of cancer patients

[tem n

Gender

Male 26

Female 73
Age (t/a)

<45 46

=45 53
Family history of thyroid tumor

No 94

Yes 4

Unknown

History of radiotherapy for head and neck

No 98

Yes 0
Thyroid tumor metastasis

No 60

Yes 39
Tumor size ( ¢cm )

<2 42

2 ~4 42

>4 15
Blood vessel invasion

No 83

Yes 16
Multiple tumor

No 63

Yes 36
Tumor radical resection

No 2

Yes 97
Lymph node metastasis

No 69

Yes 30
Distant metastasis

No 96

Yes 3
AMES risk group

Low risk 68

High risk 28

Unknown 3
MACIS

Median ( range ) 5.02(3.4~9.04)
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B1 HRA[ARBHALEE( x400)
Fig.1 Immunohistochemistry staining of sample tissues( x400 )
A: AR; B: Aurora-A; C: CK19; D: Galectin-3; E: HBME-1; F: P16; G:VEGF
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Fig. 2 Hierarchical clustering of all 35 significant markers
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Tab.3 Correlation analysis between 35 different molecular markers and tumor

Benign Malignant Statistical test

Mark Average score range  Average score range MU P value © Var. Imp. Direction
Galectin-3 59.9 140.5 0 15.3 Up
CK19 62.1 138.3 0 12.9 Down
VEGF 131.4 68.3 0 6.5 Down
Aurora-A 68.3 125.2 0 4.9 Up
P16 74.3 125.2 0 5.2 Up
AR 76.2 124.0 0 4.9 Up
HBME-1 76.0 124.3 0 5.1 Up
Bel-2 123.1 72.9 0 2.3 Down
Cyclin-D1 68.4 115.4 0 2.6 Up
CAV-1 78.7 120.3 0 2.5 Up
Cyclin-E 7.5 119.9 0 1.8 Up
E-CAD 120.8 79.0 0 3.1 Down
Clusterin 81.0 118.0 0 1.0 Up
CR3 78.8 115.0 0 2.5 Up
IGFBP5 79.4 114.3 0 1.5 Up
P21 82.6 114.3 0 0.5 Up
IGFBP2 82.9 111.5 0 1.2 Up
CTNNBI 91.0 109. 1 0. 0001 0.2 Up
HER4 82.8 115.0 0.0001 1.6 Up
TG 106.5 88.5 0.0001 1.5 Down
MIB-1 87.4 103.9 0. 0003 1.0 Up
Caveolin 80. 1 109.3 0. 0004 2.3 Up
Aurora-C 80.0 107.1 0. 0006 1.2 Up
S100 90.5 102.9 0. 0006 0.2 Up
MRAS 109.2 86.9 0.0008 1.2 Down
c-kit 105.6 91.1 0.0026 0.7 Down
HER3 83.6 105.7 0.0026 0.6 Up
RET 80.2 99.7 0.0026 0.5 Up
AMF-R 88.8 106. 4 0.0112 0.7 Up
MLHI 103.0 96.0 0.0139 1.3 Down
AAT 90. 1 101.4 0.0257 0.9 Up
TTF-1 89.7 103.6 0.0316 1.0 Up
PGI 83.9 99.9 0.0322 1.0 Up
HSP-27 101.1 83.7 0.0332 1.4 Down
Syntrophin 90.5 104.5 0.0358 0.6 Up
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Tab. 4 Analysis of value of the different markers combinations
in the diagnosis of thyroid carcinomal % )
Sign expression Sensitivity Specificity PPV NPV Accuracy
Galectin3 ( + ) 86.9 87.0 86.9 87.0 86.9
CK19( +) 94.9 54.0 67.1 91.5 74.4
VEGF ( -) 82.8 70.0 73.2 80.5 76.4
Aurora-A ( + ) 75.3 79.6 77.8 77.2 77.5
P16 ( +) 55.1 95.0 91.5 68.3 75.3
ARC( +) 50.5 98.0 96.2 66.7 74.4
HBME-1 ( +) 53.5 95.0 91.4 67.4 74.4
2 signs ( CK19/VEGF ) 88.9 92.0 91.7 89.3 90.5
3 signs ( Galectin-3/P16/AR ) 86.9 94.0 93.5 87.9 90.5
3 signs ( Galectin-3/P16/HBME-1 ) 85.9 95.0 94.4 87.2 90.5
3 signs ( Galectin-3/CK19/VEGF ) 84.8 92.0 91.3 86.0 88.4
35 signs 87.9 94.0 93.5 88.7 91.0

PPV Positive predictive value; NPV: Negative predictive value
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