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Expression data of FOS and JUN genes and FTIR spectra provide diagnosis 
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• FOS and JUN genes are potential diag
nostic marker in thyroid carcinomas. 

• ATR-FTIR could identify thyroid carci
noma with high efficiency. 

• ATR-FTIR and qRT-PCR analysis are 
highly sensitive to distinguish thyroid 
lesions.  
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A B S T R A C T   

We explore the feasibility of using FOS and JUN gene expression and ATR-FTIR for diagnosis of thyroid cancer. 
For the study, 38 samples (6 non-neoplastic (NN), 10 papillary thyroid carcinoma (PTC), 7 follicular thyroid 
carcinoma (FTC), and 15 benign tumors (BT) were subjected to RNA extraction followed by quantitative real 
time PCR (qRT-PCR) and 30 samples (5 NN, 9 PTC, 5 FTC, and 11 BT) were used for Attenuated Total Reflectance 
– Fourier Transform Infrared (ATR-FTIR) followed by multivariate analysis. Of the above, 20 samples were used 
for both gene expression and ATR-FTIR studies. We found FOS and JUN expression in malignant tumor samples 
to be significantly lower than NN and benign. ATR-FIR after multivariate analysis could identify the difficult to 
diagnose FTC with 93 % efficiency. Overall, results suggest the diagnostic potential of molecular biology tech
niques combined with ATR-FTIR spectroscopy in differentiated thyroid carcinomas (PTC and FTC) and BT.  
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1. Introduction 

Thyroid cancer is the most common malignancy affecting the 
endocrine system. Its incidence has increased over the last few years due 
advancements in diagnostic techniques and resultant early identification 
of nodules [1–3]. GLOBOCAN estimates showed that in 2020, thyroid 
cancer represented 3 % of cancer cases diagnosed worldwide in both 
genders, establishing itself as the ninth most frequent, however, 
affecting three times more women than men [4]. In Brazil, this neoplasm 
is six times more prevalent among women compared to men. The Na
tional Cancer Institute estimated 11,950 new cases among women as 
opposed to 1,830 among men in 2020 [5]. 

Papillary thyroid carcinoma (PTC) and follicular thyroid carcinoma 
(FTC) are well differentiated tumors and more frequent, representing 50 
to 80 % and 15 to 20 % of diagnosed cases, respectively [5]. PTC tumors 
progress slowly and gradually, and may develop capsular invasion and, 
consequently, infiltration of adjacent tissues [6], favoring metastasis in 
lymph nodes adjacent to the gland [7]. In contrast, their prognosis is 
better compared to FTC, since the latter are difficult to diagnose and are 
identified only after the staging of capsular or vascular invasion [8], and 
can rapidly metastasize to lung and bone [9]. 

Currently, ultrasound (US) imaging is used most frequently method 
to check nodes that are not palpable at the time of clinical diagnosis 
[10], and the fine-needle aspiration biopsies (FNAB) [11] is used to 
collect thyroid tissue samples for cytological analysis. However, the rate 
of lesions with cytological indeterminate results in this analysis and the 
difficulty of diagnosis in small tumors are still factors that limit the 
clinical conduct [12–13]. Therefore, the use of new techniques associ
ated with cytological analysis can provide a more accurate diagnosis. 

Molecular biology techniques, in particular gene expression analyzes 
[14–16], is an important tool in the identification of molecular markers 
that can categorize the different histological types of thyroid carci
nomas. These techniques have many advantages compared to cytology 
and histopathological analysis, such as a higher sensitivity and speci
ficity in differentiating benign, malignant and normal tissue [17–18]. In 
this sense, it can assist in the diagnostic support and in the more accurate 
determination of patient outcomes [19–22]. 

FOS and JUN genes are proto-oncogenes that encode the AP-1 
complex transcription factor [23]. Together, the proteins make up the 
protein complex of activator protein-1 (AP-1), a major component in the 
Mitogen Activated Protein Kinase (MAPK/Kinase) signaling pathway. 
The pathway is involved in the development of thyroid carcinomas 
[24–25] by activating cellular processes such as proliferation, differen
tiation and apoptosis [26–27]. The alteration in the expression of one or 
more genes involved in the activation of the MAPK/Kinase pathway may 
lead to the development of tumors and, consequently, the identification 
of these alterations, such as FOS and JUN genes, can provide a more 
accurate and sensitive diagnosis [28]. 

While accurate and sensitive, gene expression based diagnostic 
techniques can be time-consuming and require high investments in the 
acquisition of reagents, equipment, and specialized labor, demon
strating the need to develop techniques more accessible that present the 
same precision. Vibrational spectroscopic techniques such as Fourier 
transform infrared spectroscopy (FTIR), can aid rapid, objective, and 
easy-to-use diagnosis of the tumors [29–36]. Vibrational changes 
observed by FTIR spectroscopy in the intensity of the nucleic acid bands 
DNA and RNA, may be correlated with normal cellular processes and 
genotypes of pathological character, manifest as mutations genome and 
changes in gene expression in the tumor cells [37–38]. 

Therefore, in this study, we conducted FOS and JUN gene expression 
analysis using quantitative real time PCR (qRT-PCR) and ATR-FTIR 
spectroscopy to discriminate differentiated thyroid carcinomas (PTC 
and FTC) and BT. The aim is to find molecular and spectral markers to 
diagnose these tumors, and improve clinical outcomes for patients. 

2. Materials and methods 

2.1. Ethical aspects 

This study was approved by the Research Ethics Committee of the 
University of Vale do Paraíba under number 3,620,075/CEP/2019. The 
thyroid tissue samples were obtained from Academic Biobank for 
Research on Cancer at the University of Sao Paulo (USP), Instituto do 
Cancer do Estado de São Paulo (ICESP), São Paulo, Brazil. The Biobank 
was approved by local and National Ethics Committees (Protocols 031/ 
2012 and 023/2014, respectively). 

2.2. Samples 

Fresh frozen tissues of primary tumors (tumoral and non-neoplastic) 
from surgery (total thyroidectomy) were collected in liquid nitrogen 
from 48 patients with thyroid cancer, and, later, these samples were 
stored in the − 80 ◦C Freezer. Tissue samples were analyzed and un
derwent histopathological diagnosis with reports signed by the 
Department of Pathology, Instituto do Cancer do Estado de São Paulo 
(ICESP), following the diagnostic protocol of the Brazilian Society of 
Pathology (BSP) for thyroid cancer, and all samples were macro- 
dissected with a scalped to ensure that only sections composed at least 
80 % tumor cells be included in the study. 

For gene expression studies, 38 samples were used, including 15 
samples of benign thyroid (BT) lesions (6 samples of adenomatous 
goiter, 5 samples of follicular adenoma and 4 samples of follicular hy
perplasia), 10 samples of PTC, 7 samples of FTC and 6 samples of non- 
neoplastic (NN) tissue. 

For the ATR-FTIR spectroscopy technique, 30 samples were used −
11 BT lesions (5 samples of adenomatous goiter, 4 follicular adenoma 
and 2 follicular hyperplasia), 9 samples of PTC, 5 samples of FTC and 5 
samples of NN tissues. Of the above, 20 samples were used for both gene 
expression and ATR-FTIR studies. The number of samples between the 
groups and techniques were in different amounts due to the limited size 
of the sectioned tumors, since in some cases the samples were enough to 
perform only one technique. 

2.3. Samples design 

For gene expression analysis by qRT-PCR, the samples were divided 
into five groups: group 1: NN tissues of thyroid, group 2: benign tissues 
(BT) (adenomatous goiter, follicular adenoma and follicular hyperpla
sia), group 3: malignant tissue (PTC and FTC), group 4: PTC, and group 
5: FTC. Theses samples were compared performing the analysis 1 (group 
3 vs group 1), analysis 2 (group 4 vs group 1), analysis 3 (group 5 vs 
group 1), analysis 4 (group 3 vs group 2), analysis 5 (group 4 vs group 2), 
analysis 6 (group 5 vs group 2) and analysis 7 (group 5 vs group 4). For 
FTIR analysis, the samples were divided into four groups: samples of NN 
tissue (group 1), BT samples (group 2), PTC samples (group 3) and FTC 
samples (group 4) and compared to each other. 

2.4. Gene expression analysis 

FOS and JUN genes were selected based on results of our previous of 
PCR array studies conducted by our research group, in which differential 
expression in 34 genes from a total of 84 belonging to the MAPK/ERK 
pathway (MAP Kinase Signaling pathway platform, PAHs-061ZA-24, SA 
Biosciences, Qiagen) were detected in the comparison between these 
sample groups [39]. The MRLP19 gene was defined as endogenous 
control based on quantification data in samples of the target histological 
types. 

RNA extraction of the samples was performed using the protocols of 
Rneasy Mini Kit (Qiagen) and Trizol® Reagent (Life Technologies), ac
cording to tissue availability. After extraction, the RNA was purified 
using the RNeasy® MinElute™ Cleanup Kit (Qiagen) protocol and 
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digested using the DNase I Amplification Grade kit (1U/μL). The qual
itative and quantitative characteristics of the RNA was evaluated by 
ultraviolet absorption spectroscopy on the NanoDrop equipment (ND 
1000 Spectrophotometer v.3.0.1, Labtrade). For the evaluation of the 
RNA integrity, approximately 500 ng was applied on 2 % agarose gel in 
Tris-Borate-EDTA 1X (TBE) stained with Ethidium Bromide (3 μg/ml). 

cDNA synthesis was performed by the Superscript™ IV pre- 
amplification system that included SuperScript® IV/RNaseOUT™ 
Enzyme Mix, 2X First-Strand Reaction Mix, and Ring Buffer (Invitrogen, 
Life Technologies, Carlsbad, CA). RT-qPCR reactions for target and 
endogenous genes was used Platinum®SYBR® Green RT-qPCR Super
Mix-UDG (Applied Biosystems, Life Technologies, Foster City, CA, USA) 
in a total volume of 10 μl carried out in duplicate on an ABI Prism 7500 
Sequence Detection System (Life Technologies, Foster City, CA, USA). 
Primers were designed using Primer Express software (version 3.0) (PE 
Applied Biosystems, Foster City, CA, USA). The final concentration of 
primers used was the 10 μM for qRT-PCR reaction. The data obtained 
were translated by Sequence Detection System software, version 2.1, PE 
Applied Biosystems) and plotted on a graph (fluorescence intensity 
versus the number of cycles). Standard curves of the targets and 
endogenous gene showed similar amplification efficiencies (>90 %). 
The analysis of the standard curve was performed by the slope values, 
calculated by the formula: E = 10-1/slope-1, which the slope values should 
be close to the value of − 3.3. The dissociation curve was obtained for 
each gene to evaluate the specificity of the initiators used. 

The results were analyzed using the Delta-Delta Ct (ΔΔCt) method. 
For each sample, the ΔCt value = mean value Ct target gene-mean value 
Ct endogenous gene). To determine ΔΔCt, the ΔCt value of each sample 
was subtracted from the average ΔCt value of NN samples, and this value 
was added to formula 2-ΔΔCt and the fold change or relative quantifi
cation (QR) values obtained [40]. QR values refers to the amount of 
transcript for each sample (N times > or < than NN) determined by 
comparison with samples of NN thyroid tissue. 

The decrease in gene expression in the sample was considered when 
the QR values obtained were less than 0.5 (QR ≤ 0.5), and the increased 
expression when the QR values were>2.0 (QR > 2.0). Statistical ana
lyzes were performed using the GraphPad InStat version 5.00 software 
(GraphPad Software, San Diego, CA, USA, https://www.graphpad.com) 
and non-parametric Mann Whitney test to determine whether the QR 
was significantly different among the groups of tissues analyzed. The 
results were considered statistically significant with p ≤ 0.05. 

2.5. Spectroscopy analysis 

Samples stored in a freezer at − 80 ◦C were cut and thawed at room 

temperature, not receiving any preparation for the technique. The 
sectioned tissue samples were kept in a room with low humidity for one 
hundred minutes (1 h and 40 min) with the intention of removing excess 
water present in the sample after the sectioning process. Spotlight 400 
FT-IR Imaging System spectrometer (Perkin Elmer, USA) equipped with 
an ATR unit (diamond surface) was used. The specimens were posi
tioned onto the face of the diamond crystal of the ATR unit and the tip of 
the micrometre clamp was compressed onto the surface to allow the 
adequate contact to get a characteristic spectrum. A background of 64 
scans was performed prior each analysis. Then, three absorbance spectra 
were acquired by scanning the specimens 32 times over a 1000–4000 
cm− 1 range at a resolution of 8 cm− 1 per sample. 

For mean spectrum calculation, the spectra from each group were 
baseline corrected by subtracting a polynomial of order 8, vector 
normalized and smoothed using OPUS 8. For the evaluation of the 
average spectra when the variations of intensity and displacement with 
respect to the appearance of the peaks between spectra, the Origin 
software (Origin 7.5 SR6, Origin Lab Corp, USA) was used. 

For multivariate statistical analysis, all spectra were first derivatized 
to correct baseline effects, 600–1800 cm− 1 spectral range was selected, 
and area normalized. Principal Component Analysis (PCA) was per
formed on these spectra. The first 10 Principal Components (PCs) were 
used for Linear Discriminant Analysis (LDA) and was then cross vali
dated using leave one out cross validation (LOOCV). All these operations 
were carried out using Minitab 16. 

Principal Component Analysis is an unsupervised analysis that 
identifies spectral patterns that differs between groups. It then orders 
these differences in order of importance, the spectral patterns most 
distinct get top ranks while the rest get ranks progressively below the 
first. These ranked spectral pattens are called Principal Components 
(PCs). Each spectrum used in the analysis is then given scores based on 
the PCs. These scores are then charted on a scatter plot, called the PCA 
scatter plot. The plot exhibits spectral differences that exist between the 
groups being analyzed. If there are differences, the groups will show 
separate clusters. If not, they will overlap. 

Linear Discriminant Analysis (LDA) is a supervised analysis where 
group information of the spectra is used as input along with the spectra 
themselves. LDA orients the data in n-dimensional space to maximize 
inter-group difference and minimize intra-group difference. Since the 
aim of LDA is maximal separation between groups, there is always the 
possibility of over-fitting and getting wrong results. To verify that the 
model is not over-fitted, cross-validation techniques are used. Leave one 
spectrum out cross validation (LOOCV) is one such technique, where 
LDA model is built after leaving one spectrum out and the left-out 
spectrum is predicted using the model built. This is repeated till every 

Fig. 1. Relative gene expression by qRT-PCR of the FOS (A, B, C) and JUN (D, E, F) transcripts in thyroid lesions. A e D: comparison between malign tumors 
(PTC, FTC) with non-neoplastic tissues (NNT) (Analysis 1); B e E: PTC compared with NNT (Analysis 2) and C e F: FTC compared with NNT (Analysis 3). 
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spectrum has been left out once. The prediction for each spectrum is 
then presented as a confusion matrix. This shows how many spectra 
have been correctly predicted to belong to its group. If correct pre
dictions are low, the original LDA model is weak and needs 
improvement. 

PCA and LDA can be combined by using the scores of the first few PCs 
as input for LDA. This is called PC-LDA and helps reduce the noise in the 
data used as input for LDA. LOOCV methodology remains the same for 
PC-LDA. 

3. Results 

3.1. FOS and JUN gene expression 

Statistically significant difference for the FOS and JUN genes was 
detected in the comparison between the groups in all three analysis 
performed, analysis 1 (group 3 vs group 1), analysis 2 (group 4 vs group 
1) and analysis 3 (group 5 vs group 1) (p less than 0.05) (Mann-Whitney 
test). FOS and JUN genes expression were decreased in the malign tu
mors together (group 3: PTC and FTC) (p = 0.0004 and p = 0.0004, 

Fig. 2. Relative gene expression by qRT-PCR of the FOS (A, B, C, D) and JUN (E, F, G, H) transcripts in thyroid lesions. A e E: comparison between malign 
tumors (MT: PTC, FTC) with benign tumors (BT) (Analysis 4); B e F: PTC compared with BT (Analysis 5); C e G: FTC compared with BT (Analysis 6) and D and H: FTC 
compared with PTC (Analysis 7). 
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respectively) (Analysis 1); in the PTC samples (group 4) (p = 0.0014 and 
p = 0.0014, respectively) and in the FTC samples (group 5) (p = 0.0033 
and 0.0032, respectively) in comparison with normal tissues (group 1) 
(Fig. 1). In PTC group, nine samples showed decreased expression (QR 
= 0.00 to 0.46 for FOS gene; QR = 0.11 to 0.42 for JUN gene) and one 
sample presented normal expression (QR = 0.51 for FOS gene; QR =
0.60 for JUN gene) in relation the normal samples. In FTC group, 100 % 
of the samples (seven) showed decreased expression for both genes (QR 
= 0.09 to 0.27 for FOS gene; QR = 0.07 to 0.21 for JUN gene) to that in 
NN tissues. 

The potential diagnosis of FOS and JUN genes has been confirmed in 
the comparison between malignant tumors and benign tumors, with 
observation of statistically significant difference in all comparisons (p ≤
0.05). Both genes showed decreased expression in the malignant tumors 
together (group 3) (p = 0.0032 and 0.0025, respectively) (Analysis 4); in 
the PTC samples (group 4) (p = 0.0375 and p = 0.0455, respectively) 
(Analysis 5) and FTC samples (group 5) (p = 0.0048 and 0.0021, 
respectively) (Analysis 6) in comparison with BT samples (group 2). In 
the comparison between FTC and PTC (Analysis 7), statistically signif
icant difference was observed only to the JUN gene, highlighting the 
decrease in expression in FTC when compared to PTC (p = 0.0028) 
(Fig. 2). 

3.2. ATR-FTIR spectroscopy analysis 

Ninety spectra were obtained in total (three spectra per sample). The 
number of spectra per group were 27 from PTC samples, 15 from FTC 
samples, 33 from BT samples (15 of adenomatous goiter, 12 of follicular 
adenoma and six of follicular hyperplasia samples) and 15 of NN 
samples. 

Fig. 3 shows the mean spectrum of the evaluated groups. NN and PTC 
spectra are similar, and differ from FTC spectrum in intensities of bands 
related to nucleic acids (RNA and DNA) and phospholipids (1084 cm− 1 

and 1243 cm− 1), fatty acids and proteins (1401 cm− 1, 1449 cm− 1, 1635 
cm− 1 and 3287 cm− 1) and lipids (1537 cm− 1, 1736 cm− 1, 2852 cm− 1 

and 2925 cm− 1) (Fig. 3, Table 1). 
PCA of NN, BT, PTC and FTC showed that FTC can be separated from 

NN, BT and PTC spectra. PCA of only spectra from BT samples showed 
that adenomatous goiter, follicular adenoma and follicular hyperplasia 
can be separated from each other. Loadings indicate differences in 840 
(DNA), 967(DNA), 1103 (carbohydrates), 1155 (protein), 1231 (pro
tein), and 1338 cm− 1 (collagen) in partial separation of NN, BT, FTC, 
and PTC, while 1563 (nucleic acid), 1658 (protein), 1737 cm− 1 (lipids) 
were responsible for separation of benign tumors (Fig. 4). PC-LDA 
LOOCV showed that NN, BT, FTC and PTC can be classified with 60, 
70, 93 and 78 % efficiency, respectively (Table 2). Adenomatous goiter, 
follicular adenoma and follicular hyperplasia were classified with 93, 
83, and 100 % efficiency, respectively by PC-LDA LOOCV (Table 3). 
These results suggest that NN tissue and benign tumors can be 
discriminated from thyroid carcinoma, as BT samples can also be 
distinguished from each other by ATR-FITR analysis. 

4. Discussion 

We show the potential of qRT-PCR and ATR-FTIR in diagnosis of 
thyroid cancer, the most common endocrine cancer. The present study 
found that FOS and JUN gene expression profiles were significantly 
lower in malignant tumor (PTC and FTC) samples compared to benign 
and healthy. ATR-FTIR spectroscopy of the samples followed by multi
variate analysis could also identify folicular thyroid carcinoma with 
high efficiency, was significantly lower in the PTC and FTC samples 
when compared with normal tissues and benign lesions. This result fa
vors the hypothesis that both genes present themselves as potential 
diagnostic molecular markers in thyroid cancer. 

FOS and JUN genes are transcription factors associated with the 
development of different types of tumors. The FOS gene acts in several 
tumorigenic processes, which include cell motility, proliferation, tumor 
growth, metastasis and angiogenesis [41]. Krishna et al. [42] detected a 
decrease in C-FOS gene expression in patients with suspected oral 
squamous cell carcinoma (OSCC), associated with the potential 
responsible for the development of these tumors. The analysis was 
performed by comparing OSCC tumor tissues with normal oral mucosa 
tissues (control group), with reduced expression of the gene in the OSCC 
group compared to the control group, confirmed by complementary 
protein analysis. The JUN gene, first proto-oncogene described, encodes 
an AP-1 transcription factor, and also acting as an independent tran
scription factor [43]. Like FOS gene, this gene plays an important role in 
regulating cell proliferation and carcinogenic processes. Chen et al [44] 
identified that JUN is linked to extracellular signal translation processes 
in association with different transcription factors in PTC, not only linked 
to its FOS cofactor. Fry and Inoue [45] described that the protein 
encoded by JUN, transcription factor AP-1, is directly linked to the 
expression of an important checkpoint protein present in the G1/S phase 
of the cell cycle, regulating this process positively. 

In this study, the expression profile of the FOS and JUN genes to be 
significantly lower in the PTC and FTC samples compared with NN tis
sues and benign lesions. Therefore, we hypothesize that decreased 
expression of the JUN gene in the malignant tumors could trigger a 
failure of proliferation control, as the AP-1 transcription complex may 

Fig. 3. Mean ATR-FTIR spectra of FTC, PTC and non-neoplastic tissues 
(Non-neoplastic). 

Table 1 
Characteristic bands in FTIR spectra and preliminary assigments of samples 
(NNT†, FTC‡ and PTC§).  

Peak positions 
(cm¡1) 

Vibrations Reference substancy 

1084 cm− 1 
vsPO-

2 Nucleic Acids/ 
Phospholipids 

1243 cm− 1 
vsPO-

2 Nucleic Acids 
1401 cm− 1 

vsCH3 and vsCOO- Proteins/Fatty Acids 
1449 cm− 1 

vasCH3 Proteins 
1537 cm− 1 

vC––O and vC––C Lipids 
1635 cm− 1 β-sheet structure of amide 

I 
Protein 

1736 cm− 1 
vC––O Lipids 

2852 cm− 1 
vsCH2 Lipids 

2925 cm− 1 
vasCH2 Lipids 

3287 cm− 1 
vsO–H Water/Protein 

v: stretching vibration. vs: symetric stretching vibration. vas: asymetric 
stretching vibration. 
†non-neoplastic thyroid. 
‡ follicular thyroid carcinoma. 
§ papillary thyroid carcinoma. 
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be correlated with genes responsible for processes such as apoptosis and 
cell repair, and the reduced expression of this gene can, consequently, 
favor different carcinogenic processes. Results of our study showed that 
FOS and JUN genes are promising molecular markers for the diagnosis of 
thyroid malignancies. 

FTIR spectroscopy results suggest that thyroid cancer can be distin
guished from normal, and that benign variants of thyroid cancer can also 
be distinguished. 

The FTIR technique has advantages such as minimal sample prepa
ration, in addition to being sensitive and specific in the non-invasive 
analysis of tissue composition [32]. The technique can be applied to 
variety of samples, including clinical Fine Needle Aspiration Biopsy 
(FNAB). Since the technique is non-destructive, the same sample can be 
reused after spectroscopy for molecular biology based diagnosis. 

Studies in the literature have demonstrated the high capacity of FTIR 
spectroscopy to biologically characterize thyroid tumors though vibra
tional analysis and identification of bands in the infrared spectrum 
[37–38,46–49]. Depciuch et al [37] was able to specifically differentiate 
widely invasive follicular carcinoma (WI-FTC) from non-tumor tissues 
by observing changes in the absorbance bands for substances present in 
all cell structures, especially proteins and lipids. In their results, it is 
described that the most significant changes in the spectrum obtained 
between neoplastic and normal tissues was the region of the spectrum 
corresponding to functional groups from proteins, with lower absor
bance intensity to NN tissues of thyroid. In another subsequent study, 

Fig. 4. PCA Analysis plots. A: Comparison between PTC, FTC, BT and NNT. B: Comparison between the benign tumors (Adenomatous goiter, Follicular adenoma 
and Follicular hyperplasia). 

Table 2 
The discriminant analysis of the main linear componente of NNT, BT, FTC and 
PTC.   

NNT BT FTC PTC 

NNT† 9 (60 %) 3 (20 %) 0 3 (20 %) 
BT* 3 (9.1 %) 23 (69.7 %) 4 (12.1 %) 3 (9.1 %) 
FTC‡ 0 1 (6.7 %) 14 (93.3 %) 0 
PTC§ 1 (3.7 %) 3 (11.1 %) 2 (7.4 %) 21 (77.8 %)  

† non-neoplastic thyroid. 
* benign tumor. 
‡ follicular thyroid carcinoma. 
§ papillary thyroid carcinoma. 

Table 3 
The discriminant analysis of the main linear componente of Adenomatous 
Goiter, Follicular Adenoma and Follicular Hyperplasia.   

Adenomatous 
Goiter 

Follicular 
Adenoma 

Follicular 
Hyperplasia 

Adenomatous 
Goiter 

14 (93.3 %) 0 1 (6.7 %) 

Follicular 
Adenoma 

0 10 (83.3 %) 2 (16.7 %) 

Follicular 
Hyperplasia 

0 0 6 (100 %)  
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Depciuch et al [38] was able to differentiate WI-FTC tumors from a 
benign tumor follicular adenoma. When compared, it was possible to 
observe that in the WI-FTC samples there were significant changes in the 
vibration of functional groups that comprise nucleic acids and proteins, 
corresponding to the present of PO3

-2 groups of DNA, RNA and 
phospholipids. 

In addition to biochemical characterizing the lesions, studies such as 
Zancla et al. [46] was able to perform biochemical characterization even 
in specific calcified structures of PTC, called psammoma bodies, through 
the association of microscopy and FTIR spectroscopy called micro 
spectroscopy. They are associated with the detection of bands between 
850 and 1100 cm− 1, which represent the detection of carboapatites, 
observed by PCA analysis of stretching in PO4

3- group and modes of CO3
2–. 

The spectral characterization and PCA analysis by FTIR spectroscopy 
have also been highlighted in the differentiation and classification of 
tissues with thyroid tumor manifestations [38,45,50]. Depciuch et al 
[38] was able to differentiate two thyroid tumor tissues of difficult 
histopathological differentiation (WI-FTC and follicular adenoma) with 
65 % sensitivity and 75 % specificity, these percentages being of low 
impact for use in the diagnosis of this lesions. 

In our study, we found PTC and FTC differ from normal and benign 
biochemically in terms of nucleic acid, phospholipids, fatty acids, lipids, 
and proteins. Multivariate analysis could classify FTC from NN, benign 
and PTC with 93 % efficiency, while PTC could be classified from other 
groups with 78 % efficiency. PTC showed considerable misclassification 
with benign (11 %). Benign lesion spectra could be classified from other 
groups with 70 % efficiency, showing misclassification with normal (9 
%), PTC (9 %), and FTC (12 %). NN tissue spectra showed high 
misclassification with benign (20 %) and PTC (20 %), but no misclas
sification with FTC. This indicates that, based on results from this study, 
that ATR-FTIR can best identify FTC from other conditions. This is 
encouraging, since FTC has worse prognosis than PTC owing, among 
other factors, to difficulty in diagnosing the condition. 

5. Conclusion 

Gene expression studies suggest that FOS and JUN are underex
pressed in malignant thyroid tumors when compared to normal tissues 
and benign tumors. This can be exploited to distinguish malignant from 
benign forms and normal tissues. ATR-FTIR could identify follicular 
thyroid carcinoma with high efficiency and also classify adenomatous 
goiter, follicular adenoma, and follicular hyperplasia (benign thyroid 
tumors) with 93, 83, and 100 % efficiency, respectively. Used in tandem, 
the two techniques, ATR-FTIR for mass screening and molecular biology 
for gene expression based confirmation, can be used to provide better 
diagnostic solutions for patients. 
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de genes da via MAPK/ERK em lesões de tireoide. XXII Encontro Lat Am Iniciação 
Científica, XVIII Encontro Lat Am Pós-Graduação e VIII Encontro Iniciação à 
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