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Abstract 

 

Thyroid cancer (TC) is the most common endocrine malignancy and its incidence has been 

increasing sharply since the mid-1990s, being the fastest-increasing cancers in both men and 

women. Increased medical surveillance, the effect of environmental factors and more 

sensitive diagnostic tests, such as ultrasound and confirmation via fine-needle aspiration 

biopsy, are thought to account for this increased incidence. There are several histological 

types of thyroid cancer, including papillary thyroid carcinoma, follicular thyroid carcinoma, 

medullary thyroid carcinoma, and anaplastic thyroid carcinoma. Determining the type of 

thyroid cancer is crucial for the assessment of prognosis and treatment selection. 

Unfortunately, approximately 20–30% of patients undergoing fine-needle aspiration biopsy 

have inconclusive or indeterminate results, leading to unnecessary surgical intervention in 

80% of patients with benign nodules. To resolve this diagnosis dilemma, new biomarkers of 

thyroid cancer are needed. 

Proteomic approaches offer an unbiased platform for the comprehensive analysis of the 

whole proteome in a certain physiological time. Although mRNA expression is widely 

considered to be indicative of protein expression, protein levels are the result of protein 

synthesis and degradation, and RNA levels are not informative of protein degradation. 

Clinically, there is increasing evidence for the role of proteomic and metabolomic 

technologies in biomarker discovery, providing novel information on the molecular events 

associated with TC, and potentially lead to the identification of novel drug targets. In this 

review, we will thoroughly describe the importance of novel proteomic and metabolomic 

approaches to identify new biomarkers associated with TC. 
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Abbreviations  

2D-DIGE: Two-dimensional differential gel electrophoresis. 

ATC: Anaplastic thyroid carcinoma. 

BFTA: Benign follicular thyroid adenoma. 

FFPE: Formalin-fixed paraffin embedded. 

FNAB: Fine-needle aspiration biopsy. 

FTC: Follicular thyroid carcinoma. 

IHC: Immunohistochemistry. 

iTRAQ: Isobaric tags for relative and absolute quantitation. 

MTC: Medullary thyroid carcinoma. 

NMR: Nuclear magnetic resonance. 

NMTC: Non-medullary thyroid cancer. 

PTC: Papillary thyroid carcinoma. 

ROC: Receiver operating characteristic. 

TC: Thyroid cancer. 

VDAC1: Voltage-dependent anion channel 1. 

 

 



6 

 

Introduction 

Thyroid cancer (TC) is a common malignancy with a rapidly increasing global incidence1. 

Although mortality from thyroid cancer is relatively low, the rate of disease recurrence or 

persistence is high, leading to increased patient morbidity and mortality. Moreover, the 

American Cancer Society has reported that the incidence of thyroid cancer is increasing 

more rapidly compared to other cancers2. 

TC is a general term that comprises two main groups of neoplasias, depending on the cell 

type affected by the malignant transformation. 1) Carcinomas originating from the follicular 

epithelium, referred to as non-medullary thyroid cancer (NMTC) representing more than 

95% of all TC; and 2) carcinomas originating from the parafollicular thyroid C cells, 

referred to as medullary thyroid cancer (MTC) accounting less than 5% of all TC. There are 

four histologic subtypes of NMTC: papillary (PTC) (85%), follicular (FTC) (11%), Hürthle 

cell (3%) and the anaplastic histotype (ATC) (1%)1. Histologically, PTCs are composed of 

well differentiated epithelial cells and can be distinguished by distinctive nuclear alterations 

including pseudoinclusions, grooves, and chromatin clearing. On the other hand, FTC lacks 

the morphological nuclear features of PTC. An important histologic variant of FTC is the 

oncocytic (Hürthle cell, oxyphilic) follicular carcinoma composed of eosinophilic cells 

repleted with mitochondria3. ATCs, the most uncommon form of NMTCs, are characterized 

by undifferentiated cells with high mitosis rate, necrotic areas, spindle-like cell 

morphologies as well as giant and occasionally squamous cells.  

Clinically, PTC incidence is remarkably high in developed countries, it is typically slow 

growing, and when it spreads it usually invades neighboring tissues and occasionally 

metastasizes to regional lymph nodes; whereas FTC often metastasizes to bone and lung. On 



7 

 

the other hand, ATC behaves very aggressively, rapidly invades adjacent tissues and is 

considered one of the most lethal human cancers4. 

Importantly, FNAB with cytopathological examination is the gold standard for thyroid 

cancer diagnosis and classification. According to the European Thyroid Association 

Guidelines5, in 2–16% of cases cytology is not diagnostic, i.e., the material is insufficient for 

diagnosis and an FNAB repetition is requested. In 5–20% of cases, moreover, it is not 

possible to discriminate between benign and malignant nodules because of an indeterminate 

cytology, including follicular proliferation and atypia of undetermined significance5. Only a 

minority (about 20%) of these indeterminate thyroid nodules has been proved to be 

malignant at final histology; thus undergoing to unnecessary hemi- or complete 

thyroidectomy surgical intervention in 80% of patients with benign nodules. Furthermore, 

these patients are required to take life-long hormone replacement treatment6. For these 

reasons, the discovery of novel TC biomarkers is needed for an early detection, a better 

classification and an optimum treatment. 

Similarly to genomic technologies, proteomic approaches allow the discovery of disease-

specific targets and biomarkers, providing promising diagnostic and prognostic information. 

Proteomics can be defined as ‘the knowledge of the structure, function and expression of all 

proteins in the biochemical or biological contexts of all the organisms’7 and is an important 

approach to unraveling pathophysiology and for early detection of disease. The challenge of 

proteomics versus genomics resides in the complexity of protein chemistry and multiple 

potential post-translational functional modifications, in contrast to the unique binding of 

nucleotides on which genomics relies8. It can be said that while genomics explains the 

disposition to disease, proteomics gives a more accurate reflection of exact disease processes 

at the time of study9. The goal of biomarker discovery using proteomic studies in biological 
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matrices is to identify proteins that are truly differential in abundance between a population 

of cases and suitable controls, or before and after a relevant perturbation. The technique 

usually uses label-free methods to analyze individual samples from each class or condition, 

often few in number, and to employ a differential cutoff to discriminate real differences 

from technical artifacts or biological noise10. Despite the procedure performed, sample 

preparation, data acquisition and processing, biostatistical analysis, data interpretation and 

biological validation of “in silico” results, are the general approaches in most proteomic 

analysis (Figure 1). 

On the other hand, metabolites play an important role in understanding disease phenotype 

and elucidating pathophysiological mechanisms by means of identification of altered 

biochemical pathways in the system11. Human metabolomes are relatively well known, 

defined, and catalogued. The estimated number of components of human metabolomes 

ranges from thousands to tens of thousands, depending on type of a cell or tissue12. It is 

widely known that cancer cells reprogram biochemical pathways and alter the metabolism of 

the cell to supply high energy and biosynthetic needs for cell growth and division. These 

alterations mainly include increasing of glucose and glutamine uptake, lactate production 

and biosynthesis of lipids, proteins and nucleic acids13. Thus, metabolomics provides 

valuable information about metabolism of malignant cells and has a great potential in cancer 

research as well as in identification of novel diagnostic and prognostic markers.   

The aim of this review is to describe comprehensively the role of proteomic and 

metabolomic approaches to identify new biomarkers of TC and provide new information on 

the molecular events associated with TC and the identification of novel drug targets. 
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Material and Methods 

Published data for this review were identified by search and selection in the MEDLINE 

database and reference lists from relevant articles and reviews. A two-step approach was 

used; proteomic and metabolomics biomarkers associated with TC were identified in a 

search with the keywords “proteomics” “metabolomics” and “thyroid cancer”. Secondly, 

another search was made using a combination of the words “2D-DIGE”, “mass spectrometry 

imaging”, “nuclear magnetic resonance spectroscopy” and “thyroid cancer”. Bibliographies 

of all selected articles and review articles about proteomics and/or TC were reviewed for 

other relevant articles. 

 

Proteomic and metabolomic approaches in TC 

Proteomic and metabolomics techniques are usually classified depending on whether the 

protein measured is known or unknown when defining the experimental design. 

Bidimensional gels (2D) and mass/weight spectrometry techniques are ideal approaches for 

identification purposes. Fluorescent labeling of serum protein extracts using a two-

dimensional differential gel electrophoresis (2D-DIGE) strategy has been widely used in TC 

to decipher novel biomarkers14-17. The advantage of 2D-DIGE relies on defining statistical 

significance on proteins identified differentially expressed between disease and control 

specimens. 2D-DIGE reduces experimental variability and enhances quantitative precision 

because two samples (or sample pools) can be compared on a single 2D gel. Consequently, 

both major and minor differences in expression levels that might be missed by other 

approaches can be established. As part of the experimental design (Figure 1), 2D-DIGE and 

mass spectrometry are explored to identify differentially expressed proteins in TC patients 

compared with paired controls. Besides, identified proteins can be tested to be over or under-
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expressed in thyroid tumors samples to analyze their importance in cancer progression. 

Moreover, antibodies against novel proteins identified in 2D-DIGE and mass spectrometry 

can be used in a bigger set of patients and controls (Western-blotting, ELISA analyses) to 

confirm lower or higher expression in tumor samples.  

The use of isobaric tags for relative and absolute quantitation (iTRAQ) combined with 

multidimensional liquid chromatography (LC) and tandem mass spectrometry (MS) 

analysis18 is a powerful methodology in the search for disease specific targets and 

biomarkers using cell lines, tissues, and body fluids (Figure 2). The iTRAQ method places 

tags on primary amines (NH2-terminal or -amino group of the lysine side chain), allowing 

detection of most tryptic peptides. Because of the isobaric mass design of the iTRAQ 

reagents, differentially labeled peptides appear as single peaks in MS scans, but when 

subjected to tandem MS (MS/MS) analysis, the mass-balancing carbonyl moiety is released 

as a neutral loss, thereby liberating isotope-encoded reporter ions that provide relative 

quantitative information on the proteins from which the peptides originate19. 

Matrix-Assisted Laser Desorption/Ionization (MALDI) and Mass Spectrometry-Imaging 

(MSI) are new promising technologies that are able to detect several different compounds 

directly on fresh frozen tissues, on formalin fixed paraffin-embedded specimens, or even in 

cells20. A matrix is applied on cryosectioned tissue and a very small area (as small as >200 

µm) of the matrix-applied tissue is analyzed spot by spot using MALDI-MS. Differences 

between the analyzed areas are displayed by the imaging program (Figure 3). Using all the 

spectral data from each spot, the magnitudes of specific peaks on each spot can be displayed 

in terms of color intensity. This way, spatial information on the tissue can be obtained21. 

MALDI-Imaging has the ability to provide very precise and localized information regarding 

protein expression in cytological specimens22. This enables the detection of cancer cell 
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subpopulations based on their different protein profiles, even within regions that are 

histologically indistinguishable at the microscopic level23. This is of paramount importance 

in thyroid pathology, as the heterogeneous cellular composition of the thyroid tissue may 

hamper the biomarker discovery studies. Compared with conventional imaging methods, 

IMS does not require the additional use of specific antibodies against the protein, and 

integrates histopathology and protein expression. MALDI imaging has been used to build 

proteomic signatures of carcinoma in different organs such as esophagus, breast, colon, 

liver, stomach, and thyroid gland24. Moreover, MALDI-MSI has been also applied to 

compare normal and tumor thyroid tissues for biomarker discovery24. 

Regarding metabolomics, the most utilized techniques includes mass spectrometry (MS) and 

nuclear magnetic resonance (NMR) spectroscopy. These two techniques have both their 

advantages and limitations. NMR is generally accepted as the gold standard in metabolite 

structural elucidation, due to its high selectivity, analytical reproducibility, non-destructive 

nature, and simplicity of sample preparation25; however, it has lower sensitivity compared to 

MS. NMR spectroscopy enables identification of small biomolecules measuring intrinsic 

magnetic properties of atomic nuclei, such as 1H, 13C, and 31P, which are commonly present 

in metabolites26. On the other hand, MS is more sensitive, has a higher throughput, depth of 

coverage and can measure more molecules in a complex biological sample, based on the 

mass/charge ratio of the analyte ions generated in the spectrometer27. Additionally, MS 

allows the access to large databases for automatic identification of metabolites28. High 

resolution MS experiments with sequential fragmentation of the analyte ions give structural 

information about the studied compounds12; however, it has the drawback that not all 

metabolites can be ionized. Direct sample injection on high-resolution MS is an effective 

way to maximize analytical throughput, since sample preparation and measurements are 
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time-intensive and difficult to automate29. Due to its high sensitivity, wide range of 

molecules that can be analyzed, and the capacity of separating complex mixture of 

compounds, which is a typical problem in the case of biological materials, the usage of 

liquid chromatography coupled with MS has expanded rapidly over the past ten years30.  

 

2D-DIGE in thyroid cancer 

As far as we know, one of the first studies analyzing different protein expression in TC 

using 2D-DIGE technology was performed between PTC samples from women aged 25–50 

years with no evidence of chronic lymphocytic thyroiditis, matched normal thyroid tissue 

(from the same PTC patients, as primary control) and normal tissue from patients with 

benign adenomas, as secondary control14. DeCyder analysis of pooled protein from thyroid 

tissue (PTC and matched normal) of five different patients with similar clinical 

characteristics determined that 58 protein spots had at least two-fold volume ratio different 

expression. When the isoforms of thyroglobulin, a well-known marker of thyroid cancer, 

were excluded, 31 distinct protein spots were identified. These data were validated by 

performing individual patient gel analyses, confirming that changes observed in the pooled 

gel analysis were statistically significant changes for 48% of the identified proteins, thus 

refining the list of potential biomarkers for further validation strategies. The robustness of 

this approach was confirmed by its ability to detect previously identified and well-defined 

PTC markers, such as galectin-3, cytokeratin 19 and cathepsin31. Importantly, three novel 

PTC biomarkers, S100A6, peroxiredoxin 2, and Heat-shock protein-70 (HSP-70) were 

identified. S100A6 was validated using immunohistochemistry, showing a sensitivity and 

specificity of 85% and 69%, respectively, in distinguishing benign from malignant lesions. 

In addition, two distinct isoforms (different pI) of cathepsin B were also found differentially 
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expressed between normal and cancer tissues. Cathepsin B is a lysosomal cysteine 

proteinase which is involved in the processing of thyroglobulin in the thyroid32 and is 

believed to play a role in tumor invasion and metastasis as it has been previously found 

over-expressed in many tumors33. Interestingly, one form has five-fold lower expression in 

PTC, while a more acidic form has 2.5–4-fold higher expression in PTC, indicating that 

post-translational modification may be more important in PTC than total cathepsin B 

content. Several mitochondrial proteins, such as aconitase 2, ATP synthase and voltage-

dependent anion channel 1 (VDAC1) showed also increased expression in PTC when 

compared to control tissues14.  

A later study, aimed to distinguish between benign follicular thyroid adenoma (BFTA) and 

FTC by 2D-DIGE approach, as it not possible only using cytological features15. Protein 

extracts from five patients with FTC (some of them with extensive capsular and vascular 

invasion) were compared with six patients with BFTA. Fifty-four protein spots showed 

statistically significant (p<0.05) abundance differences between individual FTC samples and 

the BFTA pool. Eleven proteins were excluded from further analysis: that was, albumin, β-

globin, thyroglobulin (four distinct spots), and five spots that were identified as a mixture of 

several proteins. This left 43 protein spots for further consideration (corresponding to 37 

distinct proteins). Of them, Heat Shock Protein glycoprotein 96 (HSP gp96), protein 

disulfide isomerase A3 (PDI A3), and calreticulin were selected for further validation with 

immunohistochemistry as they were very abundant in tissue samples and showed a large 

difference in volume ratios between the FTC and FTA. Moreover, the presence of other 

proteins previously associated with follicular-derived thyroid neoplasia, such as cytokeratins 

7, 8, 18 and nucleoside diphosphate kinase-1 (also known as nm23-H1), confirmed the in-

silico results34. Importantly, the intensity scores for immunohistochemical staining 
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correlated with disease severity and all three proteins showed a high sensitivity with respect 

to detection of widely invasive FTCs. The combination of all these markers showed a 

positive predictive value of 75% and a negative predictive value of 68%15. 

More recently, 2D-DIGE coupled with MS was performed in human thyroid tumors and 

normal samples obtained from frozen tissues in the following groups: normal thyroid tissue 

(NTT) (n = 15), PTC (n = 5), FTC (n = 4), ATC (n = 3), and adenomas (ADE) (n = 4) to 

identify possible TC biomarkers that could be used as therapeutic targets in thyroid 

tumors16. Among them, mitochondrial proteins were proposed to play an important role in 

the carcinogenesis process in epithelial thyroid carcinoma35. The analysis of 150 spots 

identified 102 proteins and 41% of these proteins were involved in mitochondrial 

metabolism. Six of them: apoptosis inducing factor mitochondrion-associated 1 (AIFM1), 3-

hydroxyisobutyryl-CoA hydrolase mitochondrial (HIBCH), peroxiredoxin 3 (PDRX3), 

peroxiredoxin 5 (PDRX5), ubiquinolcytochrome c reductase core protein II (UQCRC2) and 

voltage-dependent anion channel 2, (VDAC2) were further investigated. The spot 

corresponding to VDAC2 protein presented significant expression changes in PTC and FTC 

compared with normal thyroid tissue (2.2 fold-change; p=0.01). In addition, Bcl-2 

antagonist/killer-1 (BAK1) and Bcl-2-associated X protein (BAX), both required to initiate 

the apoptosis mitochondrial pathway, showed the strongest relationship with VDAC2. It has 

been proposed that VDAC2 gene could regulate BAK1 activation through interaction with 

the hydrophobic tail of BAK, promoting inhibition of the mitochondrial apoptotic 

pathway36. A double-validation by qRT-PCR and expression in two thyroid tumoral cell 

lines, TPC-1 (4.2-fold-change, p=0.001) and CAL-62 (5.3-fold-change, p=0.015) confirmed 

the over-expression of VDAC2 observed in the in-silico results confirming its role in 

resistance to apoptosis previously observed in neoplastic thyroid cells37.  
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In another study, 2D gels and MS technologies were used to identify novel biomarkers for 

TC diagnosis and more importantly, to differentiate between PTC and FTC17. Analyses were 

carried out in papillary and follicular thyroid carcinoma cell lines, and the biomarkers were 

validated in five PTC and five FTC tissues, with their adjacent normal tissues from Thai 

patients. Eight biomarkers could distinguish PTC from normal tissues, namely enolase 1, 

triose phosphate isomerase (TPI), cathepsin D, annexin A2, cofilin 1, proliferating cell 

nuclear antigen (PCNA), copine 1 and heat shock protein 27 kDa (HSP27); whereas all of 

them except Annexin A2 can also discriminate FTC from normal tissues. Of note, annexin 

A2, cofilin 1, PCNA and HSP27 can be used to distinguish between PTC and FTC. 

Moreover, p53 might be an additional biomarker to indicate the aggressiveness of thyroid 

carcinomas17. 

All these studies demonstrate the importance of 2D-DIGE approach combined with MS to 

identify potential novel biomarkers in TC. However, further studies using a greater number 

of samples, samples from less invasive procedures and/or from various ethnic populations 

are needed to confirm the usefulness of these biomarkers for clinical diagnosis. Moreover, 

these potential biomarkers could be used in multi-marker panel for better diagnosis, early 

detection and classification of TC. 

 

 iTRAQ analysis in thyroid cancer 

Newer proteomic approaches have enabled deeper quantitative analyses revealing 

expression of thousands of proteins, improving our understanding in disease biology and 

proposing new markers of diagnostic potential. A recent study aimed to identify diagnostic 

markers for discrimination between the cystic variant of PTC (cPTC) and benign thyroid 
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cystic lesions through the investigation of the fluid accumulated by these lesions using 

iTRAQ technology38. In this study, 20 cPTCs together with 56 benign cystic thyroid lesions 

were analyzed and 41 proteins were differentially expressed in a significant manner 

(p<0.05). Additionally, 10 of these proteins were also differently expressed between the 

cPTCs and benign lesions using a more stringent p-value of 0.01. Four proteins that were 

found up-regulated in cPTCs using in-silico approaches were then selected for validation by 

immunohistochemistry (IHC), Western blot and ELISA analysis: cytokeratin 19 (CK-19), 

S100A13, annexin A3 (ANXA3) and carboxymethylenebutenolidase homolog (CMBL). 

ROC curves analyses determined 55 ng/ml or more as the optimal cut-off for CK-19 

concentration in cyst fluid for discrimination of cPTC from benign thyroid cysts by ELISA. 

Moreover, this suggested cut-off value was consistent with receiver operating characteristic 

(ROC) curve parameters corresponding to a level of good diagnostic accuracy, supporting 

the role of CK-19 in diagnosis of cPTC. These results indicate that CK-19 levels in cyst 

fluid can be an effective complementary tool to routine FNAB for discrimination of cPTC 

from benign thyroid cysts, which is in agreement with previous meta-analysis suggesting 

CK-19 as a marker of thyroid malignancy39. Regarding S100A13, ROC curve analyses 

determined the concentration >230 pg/ml as the optimal cut-off in cyst fluid for 

discrimination of cPTC from benign thyroid cysts by ELISA. However, a poor diagnostic 

utility of S100A13 was obtained38. Both, ANXA3 and CMBL were not confirmed after 

validation analysis.  

Importantly, iTRAQ analysis have not been only performed to identify potential novel 

biomarkers in TC, as it has also been used to validate MS results in several fresh frozen 

thyroid tissues from normal histological samples, follicular adenoma (FA) tissues, 

minimally invasive FTC and classic PTC6. Hierarchical cluster analysis of protein 
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expression based on ANOVA showed a clear separation of PTC tumors from all other 

sample groups and marked similarity between FA and FTC tumors. Both follicular tumor 

types, FA and FTC, showed marked reduction (>10-fold) of the extracellular tumor 

suppressor proteoglycan decorin, also known as PGS2, a negative regulator of receptor 

tyrosine kinases and growth factor signaling6. Decorin has been previously recognized as a 

multifaceted anti-oncogenic protein of the tumour microenvironment, regulating key cellular 

functions including proliferation, survival and migration40, therefore, it could be considered 

an attractive therapeutic target that could also be useful in thyroid tumours of follicular 

histology. Additionally, FTC showed altered expression of other extracellular proteins that 

have been previously associated with tumourigenesis, such as collagen alpha-1 (XV) chain, 

serpin H1 and tenascin41,42. Furthermore, the comparison of FA with FTC tumors revealed 

that the 72 kDa extracellular protein TGFβ-induced protein ig-h3 (TGFBI) could correctly 

differentiate most FTC samples from the FA group with a relatively high fold change6. This 

protein could be involved in the progression from thyroid adenoma to carcinoma being a 

novel candidate marker of malignancy in follicular thyroid tumors. The fact that the 

expression of most proteins remained unchanged between FA and FTC is a clear 

demonstration of the high similarity of the molecular phenotype of these two histotypes and 

underscores why it has been difficult to obtain a molecular signature of malignancy among 

tumors with follicular histology6. These studies confirm the role of iTRAQ technology 

combined with high-resolution MS as a novel approach to identify potential novel 

biomarkers and to differentiate between follicular TC histotypes, otherwise indistinguishable 

by FNAB cytology. 

 

Imaging Mass Spectrometry in thyroid cancer 
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Recent progress in imaging mass spectrometry (IMS) has made it possible to identify several 

cellular components such as proteins, drugs, and other endogenous molecules directly on 

tissue sections43. As far as we know, the first study using MALDI-IMS was performed in 

2012 to generate proteomic signatures for 6 different tumors (thyroid tumor among them) 

and could discriminate between different tumor types at different organ sites44. Later, 

proteomic screening by MALDI-IMS was performed in 29 PTC patients to identify protein 

biomarkers that could distinguish patients with aggresive tumor behavior45. Thioredoxin, 

S100-A10 and S100-A6 were found differentially expressed between metastatic and non-

metastatic tumors and validation analyses using IHC found that the overexpression of these 

three proteins was highly associated with lymph node metastasis in PTC (p < 0.005). More 

recently, fresh frozen tumor samples from 5 PTC patients undergone total thyroidectomy 

were analyzed using this technology, finding ribosomal protein P2 associated with TC with 

high confidence levels21. 

Importantly, MALDI-IMS can be also performed in tissue microarrays from formalin-fixed 

paraffin embedded (FFPE) samples as demonstrated in a series of 44 samples including 

hyperplastic nodules (HP), follicular adenomas (FA) and PTC46. Of note, FFPE tissue 

samples for proteomic investigations assures high statistical power for the discovery of 

possible new diagnostic markers and pathological characterization of neoplasms, due to the 

high number of cases analyzable and the easier recruitment of FFPE samples compared to 

fresh frozen tissues. In this study46, fibronectin (FINC), Cytoplasmic Actin 1 (ACTB1), 

Prelamin A/C (LMNA), Heat Shock cognate 71KDa Protein (HSP7C) and Adenylate 

Cyclase Isoenzyme 1 (KAD1) appear to be upregulated specifically in the neoplastic tissues, 

thus representing potential markers of malignancy. A subsequent supervised statistical 

analysis showed an overexpression of several peptides, such as galectin-3, annexin A1 and 
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cathepsin-B, among others, in specific areas of malignant characteristics46. This finding 

confirmed the robustness of the in-silico analysis as the role of these proteins in thyroid 

tumors are widely reported in the literature and have been previously discussed in this 

review. 

MALDI-IMS has been also tested in samples from FNAB, the gold standard for thyroid 

cancer diagnosis and classification. In a very recent study, 13 FNAB from benign thyroid 

nodules and 13 PTC were used as a training dataset to build and evaluate the discriminatory 

capability of the MALDI-IMS approach47. Then, 10 indeterminate lesions after cytological 

diagnosis were used in the second phase to verify the discriminatory capability when 

attempting to classify patients with an unknown histological diagnosis. MALDI-IMS was 

able to correctly assign, in blind, the specimens to a malignant or benign class, as later 

confirmed by the morphological classification. Furthermore, MALDI-IMS identified 

phosphatidylethanolamine-binding protein 1 (PEBP1) and heterogeneous nuclear 

ribonucleoproteins A2/B1 (ROA2 or hnRNP A2/B1) as potential biomarkers of TC46. An 

over-expression of the PEBP1 in thyroid carcinomas was already shown using 2D-DIGE 

and MALDI-TOF followed by immunohistochemical validation in a cohort of 121 PTCs48. 

Additionally, an overexpression of hnRNP A2/B1 has been previously reported in lung 

cancer49. 

All these observations confirm the importance of the novel high-resolution technology 

MALDI-IMS to identify new potential biomarkers of TC and its discriminatory power to 

better classify indeterminate lesions not well assigned by FNAB and cytopathological 

examination. 
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Metabolomic analyses in thyroid cancer 

As a result of the novelty of these techniques, metabolomic studies concerning TC are 

currently limited to relatively few papers and most of them have been performed on tissue 

specimens, while studies on biological fluids like serum, plasma or urine are very scarce. 

Due to extremely diverse physicochemical properties of different metabolites and highly 

dynamic changes in the composition of the metabolomes, there is no single analytical 

method allowing examination of the entire metabolome. Regardless of the chosen analytical 

approach, there are several general steps in the metabolomics studies, including sample 

collection and preparation, data acquisition and processing, biostatistical analysis, and data 

interpretation. In order to obtain reproducible results that could be compared between 

laboratories, strict compliance with the standardized procedures of metabolomic analysis is 

required12. 

As far as we know, the first metabolomic study in TC was performed using proton magnetic 

resonance spectroscopy (1H-MRS) of thyroid tissues to discriminate two groups of benign 

and malignant (papillary, anaplastic, medullary and follicular) thyroid neoplasms from fifty-

three patients undergoing partial or total thyroidectomy50. The main spectrum differences in 

papillary carcinoma group included the presence of free and bound amino acids, such as 

glutamic acid/glutathione, threonine, valine, taurine and bound fucose and absence of lipids 

compared to healthy controls50. Shortly afterwards, the same group analyzed the importance 

of lipidomics in TC specimens from 93 consecutive thyroid nodules using 2D 1H-MRS, 

showing a progressive increase in lipid cross peaks assigned to di-/triglycerides when 

comparing colloid/hyperplastic nodules to follicular adenoma, and adenoma to carcinoma51. 

The potential of NMR techniques in the analysis of lipid component of thyroid cancer was 

also reported in another study52. 1H-NMR was used to quantify lipid extracts of four types of 
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thyroid tissue [normal (n=27), papillary cancer (n=15), adenoma (n=13) and Basedow 

disease (n=6)]52. Dolichol concentrations were significantly lower in papillary cancer and 

Basedow disease compared to normal thyroid (p<0.01 and p<0.05, respectively), while 

cholesterol was enhanced only in cancer tissue. Besides, benign adenoma exhibited normal 

levels of both dolichol and cholesterol, suggesting that the isoprenoids levels are normal in 

adenoma but not in cancer52. More recently, several studies have also applied novel high-

resolution NMR techniques to distinguish between benign and malignant thyroid 

nodules53,54. In one of them, specimens from 72 patients undergoing a total thyroidectomy 

were analyzed with the previous diagnosis: 28 PTC, 40 indeterminate follicular lesions, and 

4 benign nodules. Normal and neoplastic thyroid tissues, as well as benign and malignant 

neoplasms could be discriminated from each other by elevated levels of several amino acids 

(mainly phenylalanine and taurine) combined with decreased levels of choline, 

phosphocholine, myo-inositol, and scyllo-inositol in malignant samples. Additionally, a 

receiver operating characteristic curve analysis revealed that 77% of the samples were 

accurately predicted53. In another study, aqueous tissue extracts of healthy thyroid tissue 

(n=19) and thyroid lesions (n=45) comprising non-neoplastic nodules, follicular adenomas 

(FA) and malignant TC, were analyzed54. A clear discrimination was found not only 

between healthy thyroid tissue and pathological thyroid tissue but also between different 

types of thyroid lesions. A total of 28 metabolites common to all thyroid lesions were 

identified, belonging to few biochemical groups: amino acids, organic acids, lipids and 

carbohydrates. Metabolic changes in thyroid cancer were mainly related to osmotic 

regulators (taurine and scyllo- and myo-inositol), citrate, and amino acids supplying the 

tricarboxylic acid cycle54. Importantly, FA was observed to possess metabolic features of 

benign thyroid lesions, while simultaneously exhibited part of a metabolic profile associated 
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with TC, thus indicating an intermediate nature of FA being a potential individual stage of 

thyroid cancer development54. 

In recent years, IMS has arisen as a promising technique to discover potential metabolic 

biomarkers as demonstrated in several studies55,56. IMS analysis of seven cases of TPC by 

comparison of thyroid cancer sections with and adjacent normal tissue was conducted, 

focusing on the distribution of phospholipids55. It was observed that phosphatidylcholine 

(16:0/18:1) and (16:0/18:2) and sphingomyelin (d18:0/16:1) were significantly higher in 

thyroid papillary cancer than in normal thyroid tissue55. More recently, 124 thyroid 

carcinoma patients (including PTC and FTC) were compared to 122 normal and 43 benign 

thyroid cases focusing on the serum levels of phosphatidylcholines, phosphatidic acids, and 

sphingomyelins using IMS analysis coupled with matrix-assisted laser 

desorption/ionization-Fourier transform ion cyclotron resonance mass spectrometry56. The 

potential biomarkers detected in serum showed potential diagnostic power to differentiate 

between cancer patients and healthy individuals as well as between patients with malignant 

and benign thyroid lesions with high sensitivity and specificity56. 

All these observations confirm that metabolomics has the potential to expand our knowledge 

on molecular factors involved in TC becoming an emerging research approach in this 

disease. Furthermore, metabolomics studies may improve the basic knowledge on cancer-

related processes and on novel biomarkers, implementing its diagnosis and classification. 

 

Conclusion 

Thyroid carcinoma is the most common endocrine system malignancy with rising incidence 

worldwide. As in other cancers, there is a lack of reliable and specific markers for the 
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detection of the disease and for that reason investigations in thyroid pathology are mainly 

aimed at the development of new tools for better diagnosis and stratification. Proteomic and 

metabolomic analysis of TC has confirmed changes in several known biomarkers, identified 

several potential novel biomarkers, and provided insights into global pathophysiologic 

changes in TC. Moreover, with the advent of novel high-resolution approaches, protein 

isoform differences and post-translational modifications not accessible by genomic or older 

proteomic approaches have been elucidated. These findings could be the starting point for 

further investigations aimed at translating these results into clinical practice with carefully 

designed and controlled prospective studies. The coming of age of proteomics and 

metabolomics makes available a formidable technological resource to further expand our 

knowledge of the complexities of human disease. The standardization, analysis and 

comprehensive collation of the "data-heavy" outputs of these sciences are indeed 

challenging. It is important to remark that proteomics, metabolomics and other Omic 

sciences have the singular advantage of being complimentary for cross validation, and 

together could potentially enable novel perspectives of biological systems and the 

perturbations underlying disease processes. 
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Table 1: Proteomic analysis searching for novel potential biomarkers in TC 

Abbreviations: 2D-DIGE: Two-dimensional differential in gel electrophoresis; HSP 70: Heat-shock protein-70; IHC: 
Immunohistochemistry; FTC: Folicular thyroid cancer; BFTA: benign follicular thyroid adenoma; PDI A3: protein 
disulfide isomerase A3; NTT: Normal thyroid tissue; PTA: Papillary thyroid cancer; ATC: Anaplastic thyroid cancer; 
ADE: Adenoma; AIFM1: Apoptosis inducing factor mitochondrion-associated 1; HIBCH: 3-hydroxyisobutyryl-CoA 
hydrolase mitochondrial; UQCRC2: Ubiquinolcytochrome c reductase core protein II; VDAC2: Voltage-dependent anion 
channel 2; TPI: triose phosphate isomerase; PCNA: Proliferating cell nuclear antigen; cPTC: Cystic variant of PTC; 
iTRAQ: Isobaric tag for relative and absolute quantification; CK-19: Cytokeratin-19; CMBL: 
carboxymethylenebutenolidase homolog; FNAB: Fine-needle aspiration biopsy; FA: Follicular adenoma; TGFBI: TGFβ-
induced protein ig-h3; FFPE: Formalin-fixed paraffin embedded; HP: Hyperplastic nodule; FINC: fibronectin; ACTB1: 
Cytoplasmic actin 1; LMNA: Prelamin A/C; KAD1: Adenylate Cyclase Isoenzyme 1.  

Authors Sample used Proteomic 
Approach 

Main Findings Reference 

Brown et al, 
2006 

5 PTC samples 
matched with 

normal thyroid 
tissue from the 
same patients 

2D-DIGE S100A6, peroxiredoxin 2, and HSP 70 were 
identified. S100A6 was validated using IHC, 

showing a sensitivity and specificity of 85% and 
69%, respectively, in distinguishing benign from 

malignant lesions. 

(14) 

Netea-Maier et 
al, 2008 

Protein extracts 
from 5 patients with 
FTC vs 6 patients 

with BFTA 

2D-DIGE HSP gp96, PDI A3, and calreticulin were identified 
differentially expressed. The combination of all 

these markers showed a positive predictive value of 
75% and a negative predictive value of 68%. 

(15) 

Mato et al, 2015 Frozen tissues of 
NTT (n=15), PTC 
(n=5), FTC (n=4), 
ATC (n=3), and 

ADE (n=4) 

2D-DIGE AIFM1, HIBCH, peroxiredoxin 3, peroxiredoxin 5, 
UQCRC2 and VDAC2 were identified. A double-

validation confirmed the over-expression of 
VDAC2 and its role in resistance to apoptosis 

previously observed. 

(16) 

Paricharttanakul 
et al, 2016 

5 PTC and 5 FTC 
tissues, with their 

adjacent NTT from 
Thai patients. 

2D-DIGE Enolase 1, TPI, cathepsin D, annexin A2, cofilin 1, 
PCNA, copine 1 and HSP27 distinguished PTC 

from NTT; all except Annexin A2 can discriminate 
FTC from normal tissues. Annexin A2, cofilin 1, 
PCNA and HSP27 distinguished PTC vs FTC. 

(17) 

Dinets et al, 
2015 

20 cPTCs and 56 
benign cystic 

thyroid lesions 

iTRAQ CK-19, S100A13, annexin A3, CMBL were 
differentially expressed and further validated. CK-
19 levels in cyst fluid can complement FNAB for 
discrimination of cPTC from benign thyroid cysts. 

(38) 

Martínez-
Aguilar et al, 

2016 

Fresh frozen tissues 
from NTT, FA, 

minimally invasive 
FTC and PTC 

iTRAQ FA and FTC, showed marked reduction (>10-fold) 
of decorin. TGFBI could correctly differentiate 

most FTC samples from the FA group with a high 
fold change. 

(6) 

Nipp et al, 2012 29 PTC patients MALDI-
IMS 

Thioredoxin, S100-A10 and S100-A6 were found 
highly associated with lymph node metastasis in 

PTC (p<0.005). 

(45) 

Galli et al, 2016 44 FFPE samples 
including HP, FA 

and PTC 

MALDI-
IMS 

FINC, ACTB1, LMNA, HSP7C and KAD1 were 
upregulated specifically in the neoplastic tissues, 

thus representing potential markers of malignancy. 

(46) 

Pagni et al, 
2016 

26 FNAB; 13 
benign thyroid 

nodules and 13PTC 

MALDI-
IMS 

MALDI-IMS was able to correctly assign, in blind, 
the specimens to a malignant or benign class, as 

later confirmed by the morphological classification.  

(47) 
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Figure 1. Experimental design of 2D-DIGE technique. A) 2D-DIGE analyses reveal 
proteins differentially expressed in a significant manner. B) Preparative new gels with 
higher protein concentration can be prepared for picking up selected spots. C) Proteins of 
interest were identified using mass spectrometry. D) ELISA serves to validate the diagnostic 
properties of identified proteins on independent series of specimens. 
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Figure 2. Schematic diagram showing the design work flow used for the multiplexed 

iTRAQ-based experiments. 
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Figure 3. The principle of Imaging Mass Spectrometry. 

 


