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ABSTRACT  

OBJECTIVES: This study aims to understand the role of auto antibodies in the 

structural derangement of thyroid tissue and to identify the specific immune marker for 

diagnosing the thyroid lesions. Hence the objectives of this research work were to know 

the significance of FT3, FT4, TSH, anti TPO antibody, anti thyroglobulin antibody in 

various thyroid lesions, to study immune marker expression of HBME-1 and Galectin 3 

in the resected thyroid specimen, to correlate between serum markers and tissue 

immune markers in the thyroid lesions and to know commonest mutation of  RET 

proto-oncogene in thyroid specimens in familial thyroid malignancies 

METHODOLOGY: This was a two year prospective study carried out from 2015 to 

2016 at Dept. of pathology, BLDE (Deemed to be University), Shri B M Patil Medical 

College, Hospital & Research Centre, Vijayapura.  The study group included out 

patients and in patients with thyroid abnormality. All cases referred to cytology section 

were included and individuals on hormone therapy or antithyroid drugs as treatment 

were excluded from the study. So total of 165cases were studied during this period. 

Thyroid function test (serum TSH, Free T4 and Free T3), anti TPO and anti TG 

antibodies were measured from the preferable early morning 5ml venous drawn blood 

sample. Fine needle aspiration was performed in all cases.  Histopathology correlation 

of cases was done of resected thyroid tissue and immune markers HBME1 and Galectin 

3 was done where ever required. Ret oncogene mutational study was carried out on few 

prophylactic thyroidectomy specimens which accounted to 14cases.  

RESULTS: Total of 165 cases of thyroid swellings were studied and observed females 

preponderance with 81% and male 19% distribution respectively. Commonest age 

group affected was 3
rd

 and 4
th

 decade. Youngest patient was 12yrs old and oldest 

72years. 



xiv 
 

Thyroid hormones assay were within normal range of all individuals. Anti 

thyroperoxidase (Anti TPO) and anti-thyroglobulin (Anti-TG) levels were significantly 

raised in autoimmune thyroiditis and in few cases of papillary carcinoma. All 165 cases 

were subjected for Fine Needle aspiration cytology and diagnoses were categorized 

according to The Bethesda System for Reporting Thyroid Cytopathology (TBSRTC). 

24cases were non diagnostic(excluded from the study), 83cases categorised as II, 

32cases as categorised III, 16cases as cat IV, 9 cases belonged to cat v and 15 cases 

were categorised in cat VI. Seventy one cases (71 cases) had histopathological 

correlation. Commonest histopathological diagnosis was colloid goitre (21cases), 16 

cases showed chronic thyroiditis (Lymphocytic thyroiditis 11 cases, Granulomatous 

thyroiditis 3cases and Graves’ disease 2 cases), 10 cases of follicular adenoma and 24 

cases were thyroid malignancy. Papillary carcinoma was commonest malignancy with 

15 cases, 4 cases of follicular carcinoma, 2 cases of medullary carcinoma and 2 cases of 

metastatic carcinoma (both were squamous cell carcinoma metastasis). One rare case of 

mucoepidermoid carcinoma was diagnosed. 

CONCLUSION: Anti TPO is significantly raised in chronic thyroiditis and papillary 

carcinoma. The Bethesda system of Reporting Thyroid Cytology (TBSRTC) is strongly 

recommended for thyroid cytopathology.HBME 1 and Galectin 3 have high specificity 

and sensitivity in diagnosing thyroid malignancies. C634R was commonest exon seen 

in Ret oncogene mutations.  
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INTRODUCTION  

Endocrine disorders are common disorders noticed worldwide. The prevalence of 

endocrine disorders especially thyroid diseases are also increasing in Indian population 

and it is estimated that nearly forty million people suffer with thyroid abnormalities
1
. 

The thyroid abnormality could be functional or structural derangement with thyroid 

swelling as commonest clinical presentation. Thyroid nodules being the frequent 

finding in clinic, its appearance is noticed frequently with increasing age. Nodular 

thyroid disease refers to the presence of a solitary nodule or multiple nodules, solid to 

cystic lesions. The incidence of thyroid lesions has increased due to early detection of 

lesions due to advanced radiological techniques which pick up the nodules of any size 

from few millimeters to centimeters. Majority of the nodules turn benign after 

investigations, but also the incidence of malignancies has increased to 2.4 fold lately.   

Recent studies have highlighted that 12% of adult population suffers from palpable 

goiter in iodine deficient areas. This is followed by increased incidence of autoimmune 

thyroid diseases, especially in iodine sufficient area
2,3

. 

Antibodies against Thyroperoxidase and Thyroglobulin are two autoantibodies which 

are commonly found in patients with thyroid diseases
4
. Few studies in literature show 

the association of thyroperoxidase antibody levels and the severity of lymphocytic 

infiltration in autoimmune thyroiditis and thus playing a role in pathogenesis of  

antibody-dependent cell-mediated cytotoxicity
5,6

.  Research done by sir Boelaert K. et 

al. noticed strong association between  thyroperoxidase antibodies levels in serum and 

thyroid lesions and he commented that less attention has been paid for measuring 

thyroid autoantibodies, in addition to thyroid stimulating hormone, which will help in 

predicting the progress thyroid nodules. Thus their research included all thyroid nodules 
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with ultrasound findings and autoantibodies level measurements, and confirmed that 

antibodies against thyroperoxidase and thyroglobulin are two important thyroid 

autoantibodies to assess the risk of thyroid nodules
7
. 

Gold standard investigation to evaluate thyroid structural abnormalities is Fine needle 

aspiration cytology and histopathological study of thyroid tissue. However 

sometimesthe pathologists are confronted with difficulties in reaching an accurate 

diagnosis between the indeterminate thyroid lesions. To overcome these constrains 

various immunohistochemical markers as ancillary tests are available now. Galectin-3, 

CK19, HBME-1 and TPO are immune markers which are studied extensively and their 

role in diagnosing the thyroid lesions have been established in the previous studies
8
. 

Galectin-3 belongs to galectin family and chemical structure has an N-terminal tail 

composed of nine collagen-like repeats. It is found that it has some role in pathogenesis 

of thyroid malignancies
9
.  Hector Battifora mesothelial -1 is a surface antigen localized 

in the microvilli of the mesothelial cell and its role in thyroid malignancies have been 

studied and thus studies reveal that its immune expression is wider in papillary 

carcinoma compared to follicular neoplasms 
10, 11,12

. 

Thyroid cancer is the most common endocrine malignancy compared to other endocrine 

organs and it is sixth most common cancer in women and increased incidence in 

younger females
13

. The common thyroid carcinoma are papillary carcinoma, follicular 

carcinoma and medullary carcinoma followed by other morphological variants, these 

carcinoma‘s occur both in sporadic form and hereditary form, commonest malignancy 

with hereditary occurrence is medullary carcinoma which is associated with Multiple 

endocrine Neoplasm Syndromes.  

Multiple Endocrine Neoplasm syndrome is rare entity which is an autosomal dominant 

inheritance caused by missense germ line ret proto-oncogene mutations. These 
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mutations are at different locus and thus produce different variants of disease 

categorized as type I and II
14,15,16 

. Recent studies have identified preneoplastic lesion in 

thyroid tissue of high risk individuals who have familial history of medullary 

carcinoma. These lesions are identified as C-cell hyperplasia and micro medullary 

carcinoma
17,15

. 

With increased prevalence of thyroid autoimmune disorders and increased incidence of 

thyroid malignancies in past decade affecting the mortality and morbidity of human 

population, literature has few studies to understand the pathogenesis of thyroid cancer. 

Also there is a paucity of prospective clinical studies that are capable of evaluating 

various tests which may significantly reduce patient morbidity and unnecessary surgery 

in benign thyroid disease. The present study was undertaken to study the significance of 

FT3, FT4, TSH, anti TPO antibody, antiTG antibody in various thyroid lesions. And 

also to understand the importance of  The Bethesda Reporting System of Thyroid 

cytopathology of thyroid nodules, Histopathological correlation in available cases and 

to study immune marker expression of HBME-1 and Galectin 3 in the resected thyroid 

specimen in applicable cases. 
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RESEARCH HYPOTHESIS  

Autoantibodies against thyro-peroxidase (Anti TPO) enzyme and thyroglobulin (Anti 

TG) plays a role in pathogenesis of chronic thyroiditis as well as papillary carcinoma. 

 

AIM 

• To understand the role of auto antibodies in the structural derangement of 

thyroid tissue. 

• To identify the specific immune marker for diagnosing the thyroid lesions.  

 

OBJECTIVES OF THE STUDY: 

 

1. To know the significance of FT3, FT4, TSH, anti TPO antibody, anti 

thyroglobulin antibody in various thyroid lesions. 

2. To study immune marker expression of HBME-1 and Galectin 3 in the resected 

thyroid specimen. 

3. To correlate between serum markers and tissue immune markers in the thyroid 

lesions. 

4. To know commonest mutation of  RET proto-oncogene in thyroid specimens in 

familial thyroid malignancies 

 

 

 

 



10 
 

 

 

 

 

 

 

CHAPTER III 

REVIEW  

OF LITERATURE 

 

 

 

 

 

 



11 
 

INDEX 

I. Anatomy, Physiology and Biochemistry of Thyroid gland  

II. Thyroid function: hormone assay and its functional disorders  

III. Thyroid structural abnormalities: Pathology  

 WHO classification of thyroid malignancies  

IV. Role of Immunohistochemistry in thyroid lesions  

V. Bethesda Reporting of thyroid cytopathology 

VI. References  

 

  



12 
 

I. ANATOMY PHYSIOLOGY AND BIOCHEMISTRY 

 

Thyroid gland is a part of the human body's endocrine system. It is the largest organ 

specialized for endocrine function in human body.  

It is a butterfly - shaped gland Fig (1) with high vascular supply  anchored around the 

front of the throat near the voice box 
1
. 

 

Figure1: Gross appearance of thyroid gland 

The gland is essential to normal body growth in infancy and childhood. It absorbs 

iodine from the diet and releases thyroid hormones -iodine- containing compounds that 

help govern body‘s basal metabolic rate, controlling body temperature, regulating 

protein, fat and carbohydrate catabolism in all cells
2 

The specific actions of thyroid hormone(TH) is seen in metabolic regulation. These 

include the molecular mechanisms of TH action
3
, lipidregulation

4
, cross-talk with 
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nuclear receptors
5 

, the role of repressors in metabolic regulation
6
, thyroid hormone 

adrenergic interactions
7 

, facultative thermogenesis
8
 , and the metabolic influences on 

central regulation of TH
9,10

 as shown in figure 2 . 

 

Figure 2:TH in metabolic regulation
10

 

Overview of sites of thyroid hormone regulation of metabolism. Hypothalamic-

Pituitary-Thyroid axis: thyrotropin releasing hormone(TRH) and thyroid stimulating 

hormone (TSH) respond primarily to circulating serum T4, converted in the 

hypothalamus and pituitary to T3 by the5=-deiodinase type 2 (D2). The 

monocarboxylate transporter 8 (MCT8) is required for T3 transport into the pituitary 

and hypothalamus. A,parvalbuminergic neurons (PBN): PBN are a population of newly 
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discovered neurons in the anterior hypothalamus that are directly linked to theregulation 

of cardiovascular function, including heart rate, blood pressure, and body temperature. 

Thyroid hormone receptor signaling is required for the normal development of PBN 

neurons linking thyroid hormone to cardiac and temperature regulation. B, 

paraventricularnucleus of the hypothalamus (VPN): leptin, produced in peripheral fat 

tissue, provides feedback at the VPN, stimulates signal transducer and activator of 

transcription (STAT)3 phosphorylation (STAT3-P*), which directly stimulates TRH 

expression. Leptin also stimulates TRH indirectly in the arcuatenucleus by inhibiting 

neuropeptide Y and agouti-related protein, stimulating proopiomelanocortin (POMC), 

and the POMC product α-melanocyte stimulating hormone (α-MSH) stimulates CREB 

in the TRH neuron .C, ventromedial nucleus of the hypothalamus (VMH): 

hyperthyroidism or T3 treatment stimulates de novo fatty acid synthesis in the VMH, 

which inhibits AMPK phosphorylation and increases fatty acid synthase (FAS) activity. 

Increased hypothalamic lipid synthesis is associated with activation of the sympathetic 

nervous system (SNS) which stimulates brown adipose tissue (BAT). D, BAT: 

adrenergic signaling through the β 3-adrenergic receptor (AR) stimulatesUCP1 gene 

expression, stimulates D2 activity by deubiquitination, and promotes thermogenesis and 

weight loss. The metabolic signal from bile acid via the G protein-coupled membrane 

bile acid receptor (TGR5) has been shown in one model to stimulate D2 activity and 

local T3 production, which further stimulates BAT lipolysis, UCP1 expression, and 

thermogenesis. E, white adipose tissue (WAT): SNS signals via _1- and _2-ARstimulate 

WAT lipolysis. T3 stimulates local production of norepinephrine (NE), increasing 

lipolysis and reducing body fat. F, liver: HOMGCR, 3-hydroxy-3-methylglutaryl-CoA 

reductase; ACC1, acetyl-CoAcarboxylase 1; CYP7a1, cytochrome P-450 7A1; CPT-1_, 

carnitinepalmitoyltransferase 1_; LDL-R, low-density lipoprotein receptor. G, 
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muscle:Forkhead box O3 (FoxO3) induces D2 expression, increases local T3 in skeletal 

muscle, and promotes T3-target gene expression; myoD, myosin 

heavy chain (MHC) and sarcoplasmic reticulum Ca2_-ATPase (SERCA). Local T3 also 

determines the relative expression level of MHC and SERCAisoforms. Expression level 

of these isoforms determines muscle fiber types and initiation of repair. SERCA2a is 

primarily expressed in slow-twitch fibers and SERCA1 in fast-twitch fibers. T3 

stimulates SERCA, which hydrolyzes ATP and increases energy expenditure. H, 

pancreas: T3 and TRare required for normal pancreatic development and function. In 

rat pancreatic β cells, expression of TR and D2 are activated during normal 

development. T3 treatment enhances Mafa(v-mafmusculoaponeuroticfibrosarcoma 

oncogene homolog A) transcription factor gene expression 

and increases MAFA protein content, the key factor for maturation of β cells to secrete 

insulin in response to glucose. T3 stimulates cyclin D1(CD1) gene expression and 

protein level and promotes proliferation. Increasing cyclin D1 activates the cyclin 

D1/cyclin-dependent kinase/retinoblastoma protein/E2F pathway. 

TableI: Specific actions of thyroid hormone in metabolic regulation. 

Process  Elements that 

regulates metabolism  

Basic mechanism  Examples of 

physiological actions. 

Thyroid 

hormone action  

TR isoforms 

 

Corepressor action 

(NCoR and SMRT) 

Nutrient feedback 

 

TR isoform 

specificity  

Histone 

modification  

 

Sumoylation 

Increased Basal 

metabolic rate(BMR) 

 

Stimulate 

lipolysis/lipogensis 
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Nongenomic action 

 

Tissue selective 

thyroid hormone 

transport  

 

Corepressor 

interactions 

Modulation of 

signal transduction 

pathways 

Stimulation of 

Na
+
-K

+
-ATPase 

and SERCA1 

Increase in adaptive 

thermogenesis 

Stimulate β oxidation 

of fatty acids  

Central 

regulation of 

TRH/TSH  

T4/T3 feedback  

 

Leptin 

AMPK activation  

Oxregenic/anorectic 

peptides/appetite 

regulations 

Thyronamines 

(T1AM) 

Circadian rhythms  

Integration of 

TRH/TSH 

regulation with 

metabolic signals 

Thyroid hormone 

transport into 

hypothalamus and 

pituitary. 

Integration of 

adrenergic 

signalling 

TSH measurement for 

the diagnosis of 

thyroid diseases and to 

monitor treatment  

Local ligand 

activation by 

D2 

D2 expression and 

activity  

 

D2 polymorphism 

 

Regulation of D2 

ubiquitination/ 

deubiquitination 

 

Increase in D2 

TSH/T4 set point  

 

T4/T3 replacement 

therapy of 

hypothyroidism  
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Selenium requirement 

for deiodinase activity  

activity with 

reduction in serum 

T4 concerntration 

Development and 

tissue selective 

deiodinase 

expression. 

 

Stimulates adaptive 

thermogenesis  

Thermogenesis 

and body 

weight  

Basal metabolic rate  

Adaptive 

thermogenesis  

 

Body weight and body 

composition 

Appetite  

Integration of 

adrenergic 

signalling 

Central and local 

adrenergic actions 

Stimulation of 

CPT1α expression. 

Stimulation of 

UCP1 expression. 

Reduces body fat 

Increases βoxidation 

of fatty acids 

Stimulates adaptive 

thermogenesis  

Cholesterol and 

triglycerides  

Cholesterol synthesis  

Reverse cholesterol 

transport 

Lipolysis/lipogenesis 

Hepatic steatosis 

Stimulates LDL-R 

Stimulates ABCA 

1 

Reduces serum 

cholesterol, 

triglycerides and 

hepatic steatosis 

Carbohydrate 

metabolism  

Pancreatic islet 

development  and 

proliferation 

Insulin production 

TR expression in 

developing islets 

and its function 

D2 required for 

Stimulates 

gluconeogenesis  

Reduces insulin 

sensitivity 
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Gluconeogenesis  

Insulin sensitivity and 

its metabolism  

development  

Insulin signalling 

Stimulation of 

mitochondrial 

respiration 

Increase 

expression of 

GLUT4,ACC1, 

ChREBP 

Increase insulin 

metabolism  

ABCA1, ATP-binding cassette transporter A1; ACC1, acetyl CoA carboxylase; 

ChREBP, carbohydrate response element binding protein; CPT-I_, 

carnitinepalmitoyltransferaseIa; CYP7A1, cholesterol 7-hydroxylase; D2, 5=-

deiodinase type 2; GLUT4, glucose transporter 4; LDL-R, low-density lipoprotein 

receptor; LXR, liver X receptor; NCoR, nuclear corepressor; PPAR_, peroxisome 

proliferator-activated receptor; RXR, retinoid X 

receptor; SERCA, sarcoplasmic reticulum calcium ATPase; SMRT, silencing mediator 

for retinoic and thyroid hormone receptor; T3 , triiodothyronine; T , thyroxine; TGR5, 

G protein-coupled receptor bile acid receptor; TRH, thyrotropin-releasing hormone; 

TSH, thyroid-stimulating hormone; UCP, uncoupling protein.  

 

Thyroid hormone is critical for normal growth, differentiation, development and 

maintenance of metabolic homeostasis (Yen, 2001). The thyroid hormone influences 

diverse metabolic pathways for lipid and glucose metabolism. There are two principal 

thyroid hormones: thyroxine (T4, L-3,5,3',5'-tetraiodothyronine) and triiodothyronine 

(T3, L-3,5,3'-triiodothyronine). The biologically active form of thyroidhormone is T3, 



19 
 

whereas T4 is the most abundant thyroidhormone in the blood. In target tissues, type I 

or type II 5'-deiodinase (DI or DII) catalyzes the deiodination of T4 and controls the 

local T3 concentration in cells (Braverman et al.,1970; Köhrle, 2000).The physiological 

function of thyroid hormone is mainly carried through thyroid hormone nuclear 

receptors (TRs) in nucleus. TRs belong to the nuclear receptor superfamily, act as 

ligand-inducible transcription factors, and occupy a central position in mediating the 

action of T3. TRs bind to specific cis elements called thyroidhormone response 

elements (TREs) which are located in the promoter of target genes as homodimers or 

heterodimers with retinoid X receptor (RXR) (Cheng, 2000). The transcription 

mediated by TRs requires extensive cooperation and dynamic interplay with many 

nuclear receptor coregulators(McKenna et al., 1999; Yen, 2001)
11

.  

 

Effect of thyroid hormone on specific bodily mechanisms in human body
12 

. 

 Stimulation of carbohydrate metabolism.  

 Stimulation of fat metabolism.  

 Stimulation of protein metabolism.  

 Effect on plasma and liver fats.  

 Increase requirements for vitamins.  

 Increase basal metabolic rate (BMR).  

 Effect on cardiovascular system.  

 Excitatory effect on the central nervous system.  

 Effect on sleep.  

 Effect on other endocrine glands.  

 Effect on sexual function.  
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REGULATION OF THYROID HORMONE PRODUCTION 

TH is secreted from the thyroid gland under the regulation of the hypothalamic-pituitary 

axis (figure 3). Thyroid Releasing Hormone (TRH), secreted from the hypothalamus, 

acts upon the pituitary gland, binding to G protein-coupled TRH receptors on the 

thyrotrope, resulting in an increase in intracellular cAMP, and subsequent thyrotropin 

(TSH) release
13

. 

Figure 3: Hypothalamus-pituitary axis  

The secretion of TSH from the anterior pituitary gland is controlled by 

 Circulating concentration of thyroid hormones.  

 Thyrotrophin-releasing hormones (TRH).  

The effect of thyroid hormones is to reduce TSH secretion. This negative feedback, is 

achieved by binding of T3 to anterior pituitary nuclear receptors. In the anterior 

pituitary gland most of the intracellular T3 is derived from circulating free T4. 

Therefore this gland is more sensitive to changes in plasma T4 than 

T3concentrations
13

.. 

Specific effects of TSH on the thyroid gland
12,13

:  

TSH is increases the secretion of thyroxine and triiodothyronine by the thyroid gland. 

Its specific effects on the thyroid gland are as follow:  
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 Increased proteolysis of the thyroglobulin that has already been stored in the 

follicles, with resultant release of the thyroid hormones into the circulating 

blood and diminishment of the follicular substance itself.  

 Increased activity of the iodide pump, which increases the rate of ―iodide 

trapping‖ in the glandular cells, sometimes increasing the ratio of intracellular to 

extracellular iodide concentration in the glandular substance to as much as eight 

times normal.  

 Increased iodination of tyrosine to form the thyroid hormones.  
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II. HORMONE ASSAY AND FUNCTIONAL DISORDERS 

Thyroid hormone (TH) regulates metabolic processes essential for normal growth and 

development as well as regulating metabolism in the adult
14

. It is well established that 

thyroid hormone status correlates with body weight and energy expenditure
15

. 

Hypothyroidism results from any condition that leads to thyroid hormone deficiency, 

while Hyperthyroidism refers to the conditions with over secretion of thyroid hormone.  

Resistance to thyroid hormone (RTH) is a syndrome in which patients have 

hyposensitivity to thyroidhormone, elevated circulating serum T3 and T4, and elevated 

or no suppressed thyroid stimulating hormone (TSH) levels. The clinical manifestations 

of RTH patients are variable among families. It is noteworthy that RTH patients can 

have clinical symptoms that have features of both hypothyroidism and hyperthyroidism, 

suggesting variable resistance in 

differenttissues
11

. 

Hyperthyroidism (Thyrotoxicosis)
2,16,17

:  

Hyperthyroidism, excess thyroid hormone, promotes a hypermetabolic state 

characterized by increased resting energy expenditure, weight loss, reduced cholesterol 

levels, increased lipolysis, and gluconeogenesis
16

. Conversely, hypothyroidism, reduced 

thyroid hormone levels, is associated with hypometabolism characterized by reduced 

resting energy expenditure, weight gain, increased cholesterol levels, reduced lipolysis, 

and reduced gluconeogenesis
17

. 

The major causes and clinical features of hyperthyroidism are
18

: 

 Grave‘s disease  

 Toxic multinodulargoitre (Solitary toxic adenoma) 

 Exogenous iodine and iodine-containing drugs,e.g. amiodarone 



23 
 

 Excessive T4 or T3 ingestion  

 Ectopic thyroid tissue, e.g. strumaovarii 

 functioning metastatic thyroid cancer HCG dependent e.g. choriocarcinoma, 

pituitary tumour (very rare)  

 Congenital (neonatal) hyperthyroidism 

 Non autoimmune hereditary hyperthyroidism  

 Subacute thyroiditis  

 Silent thyroiditis  

 Postpartum thyroiditis  

 Hyperemesis gravidarum 

 TSH receptor mutation 

 Thyrotoxicosis factitia 

 Pituitary resistance to thyroid hormone  

 

Hypothyroidism
2,19,20

. 

The commonest cause  

Adult 

 Hashimoto‘s disease 

 131I therapy for hyperthyroidism 

 Subtotal thyroidectomy for hyperthyroidism or tumour 

 Previous antithyroid drug therapy 

 Postpartum (60%–70% transient) 

 Drugs (lithium, amiodarone, iodides interferon alfa) 

 Pituitary hypothyroidism (secondary) 
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 Hypothalamic hypothyroidism (tertiary) 

 Subacute thyroiditis, silent thyroiditis 

 Iodine deficiency 

 Generalised resistance to thyroid hormone 

Child/neonate 

 Neonatal hypothyroidism 

 Thyroid agenesis 

 Thyroid ectopia 

 Thyroid dyshormonogenesis 

 Others 

 Resistance to thyroid 

 

Clinical features of Hyperthyroidism are Weight loss (but normal appetite), Sweating, 

heart intolerance, Fatigue, Palpitation: sinus tachycardia or atrial fibrillation angina, 

heart failure (high output), Agitation, tremor, Generalized muscle weakness, Proximal 

myopathy, diarrhoea, Oligomenorrhoea, infertility, Goitre, Eyelid retraction, Lid lag
2
.  

Clinical features of hypothyroidism are lethargy, tiredness, cold intolerance, dryness, 

coarseness of skin and hair, weight gain, hoarseness, anemia, dementia, psychosis 

constipation, bradycardia, angina, pericardial effusion, carpel tunnel syndrome, 

menorrhagia, galactorrheoa
2
. 

Subclinical hypothyroidism, defined as the presence of a low normal serum thyroxin 

accompanied by a moderately raised TSH (grade 1, 5–10; grade 2, 10.1–20; grade 3, 

>20) should nearly always be treated
2
. 
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LABORATORY EVALUATION OF THYROID FUNCTION  

 

A multitude of tests are currently available for testing thyroid function
21

:  

• Serum-based methods are available for measuring both total (TT4 and TT3) and free 

(FT4 and FT3) thyroid hormone concentrations. 

• In addition, measurements can be made of the thyroid hormone binding proteins, 

Thyroxine Binding globulin (TBG), Transthyretin (TTR)/Prealbumin (TBPA) and 

Albumin, as well as for the pituitary thyroid stimulator, thyrotropin (thyroid stimulating 

hormone, TSH) and the 

thyroid hormone precursor protein, Thyroglobulin (Tg). 

• The recognition of autoimmunity as the leading cause of thyroid dysfunction, has led 

to the development and incorporation of tests to determine thyroid autoantibodies – 

thyroid peroxidase antibodies (TPOAb), thyroglobulin antibodies (TgAb), and TSH 

receptor antibodies (TRAb). 

Reference values of thyroid function test 

Test Range 

TSH:  0.5 -4.7mU/L 

T3:  0.92-2.78nmol/L 

FT3:  0.22-6.78 pmol/L 

T4: 58-140 nmol/L 

FT4:  10.3-35pmol/L 

 

TSH 

Serum TSH level remains the single best test of thyroid function. Thyroid-stimulating 

hormone testing is the preferred approach because
22

:  
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1. TSH is central to the negative-feedback system 

2. Small changes in serum thyroid function cause logarithmic amplification in TSH 

secretion 

3. The most advanced (third-generation) chemiluminescent TSH assays can now detect 

both elevation and significant lowering of TSH levels, and are capable of reliably 

measuring values <0.1mU/L, thus aiding detection of subclinical thyrotoxicosis. 

TSH testing should be commonly carried out in the following settings: 

• In patients presenting with suspected goitres: Serum TSH levels must be 

measured. 

• As screening for congenital hypothyroidism: A heel-prick blood specimen is 

used for determining serum TSH levels. This is an established screening test for 

congenital hypothyroidism . 

• In patients with atrial fibrillation, dyslipidaemia, osteoporosis, and infertility: 

Serum TSH levels should be measured at presentation. 

 

Total T4 and T3 

Several laboratories measure the total T4 and total T3 which is not a true reflection of 

the  thyroid status of an individual. This is because thyroid hormones circulate in the 

body largely 

in the inactive form, bound to carrier proteins (thyroid binding globulin (TBG), 

transthyretin and albumin) while only the small unbound fraction is metabolically 

active
23,24

. 

Considerations which Alter Thyroid Levels 

• Binding protein abnormalities can increase totalT3 in the absence of hyperthyroidism, 

notably during estrogen treatment contraceptive pills, and pregnancy. If necessary, a 
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T3-uptake test or thyroxine-binding globulin measurement can be used to calculate a 

free-T3 index, or a free-T3 test can be obtained to clarify an ambiguous increased total-

T3 result. 

• When hypothyroidism is suspected, a free-T4 estimate is appropriate because total-T3 

and free-T3 tests have inadequate sensitivity and specificity in this setting.  

• When hyperthyroidism is suspected, the combination of a free-T4 estimate and a total- 

or free-T3 estimate provides the most complete assessment of the severity of 

hyperthyroidism and identifies cases of ―T3-toxicosis‖, i.e. a selective increase of the 

serum T3 concentration. 

• In some centres, free-T4 and -T3 tests are routinely used when the TSH is increased, 

but in others, serum T3 measurements are obtained only when the TSH is low and the 

free T4 is within the reference interval. It is preferable to monitor both serum free T4 

and T3 in patients with low serum TSH (other than hypothyroid patients taking 

T4),even after the thyroid diagnosis is known, to establish patterns of increasing or 

decreasing values over time
25,26

. 

 

 

 

 

 

 

   Figure 4: Algorithm for the diagnosis of Thyroid dysfunction 
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THYROID AUTOIMMUNITY THYROIDSPECIFICAUTOANTIBODIES 

 (TPOAb, TgAb and TRAb) 

Anti TPO (anti thyroperoxidase) 

Approximately 70-80 % of patients with Graves‘ disease and virtually all patients with 

Hashimoto‘s, atrophic thyroiditis or post-partum thyroiditis have TPOAb detected. In 

the future, TPOAb measurement may be used as a prognostic indicator for thyroid 

dysfunction. The paradoxical absence of TPOAb in some patients with unequivocal 

TSH abnormalities likely reflects the suboptimal sensitivity and/ or specificity of 

current TPOAb tests or non-autoimmune thyroid failure (atrophic thyroiditis). Although 

changes in autoantibody concentrations often reflect a change in disease activity, serial 

thyroid autoantibody measurements are not recommended for monitoring treatment for 

AITD. The enhanced sensitivity and specificity of the TPO immunoassay methods 

make them a more cost-effective option over the older semi-quantitative AMA 

agglutination tests, since they obviate the need for additional TgAb measurements in 

the routine diagnosis of autoimmune thyroid disorders
27

. 

 

Thyroglobulin antibodies  

Auto antibodies against Tg are encountered in autoimmune thyroid conditions, usually 

in association with TPOAb. According to the current guidelines, all sera should be 

prescreened for TgAb by a sensitive immunoassay method prior to Tg testing. 

Therefore, TgAb is primarily used as an adjunct test for serum Tg estimation
28

. 
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TSH receptor autoantibodies (TRAb) 

TRAb tests are used in the differential diagnosis of hyperthyroidism, the prediction of 

fetal and neonatal thyroid dysfunction due to transplacental passage of maternal 

TRAband prediction of the course of Graves‘ disease treated withantithyroid drugs 

Thyroid disorders have diverse clinical manifestations therefore, on part of vigilant 

clinician every suspected case of thyroid disease needs to be evaluated with laboratory 

investigations. 

Thereby appropriate treatment for thyroid disorders can be instituted or conservative 

monitoring carried out to anticipate potential future consequences. The enhanced 

sensitivity and specificity of TSH assays have greatly improved the assessment of 

thyroid function tests. 

Since TSH levels change dynamically in response to the alterations of T3 and T4, the 

approach to evaluate whether the patient has thyroid disorder is to test the TSH levels 

first. 

When hypothyroidism is suspected, a free-T4 estimate is appropriate because total-T3 

and free-T3 tests have inadequate sensitivity and specificity in this setting. When 

hyperthyroidism is suspected, the combination of a free-T4 estimate and a total- or free-

T3estimate provides the most complete assessment of the severity of hyperthyroidism 

and identifies cases of ―T3-toxicosis‖, i.e. a selective increase of the serum T3 

concentration
29

. 
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Table 2: Characteristics of thyroid disorders according to results of thyroid function 

tests.  
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III. STRUCTURAL ABNORMALITIES OF THYROID GLAND  

 

Thyroid nodules may be single, multiple, solid, or cystic and may or may not be 

functional. The thyroid epithelial cells, induced by random mutations or 

rearrangements, will grow from a normal state to an abnormal state. This induction of 

growth exacerbates cellular mutagenesis that generates the nodules
30,31,32

. 

A thyroid nodule is a discrete lesion within the thyroid gland that is radiologically 

distinct from the surrounding thyroid parenchyma. Some palpable lesions may not 

correspond to distinct radiologic abnormalities
33

. Such abnormalities do not meet the 

strict definition for thyroid nodules. Nonpalpable nodules detected on US or other 

anatomic imaging studies are termed incidentally discovered nodules or 

‗‗incidentalomas.‘‘ Nonpalpable nodules have the same risk of malignancy as do 

sonographically confirmed palpable nodules of the same size
34

. Generally, only nodules 

>1 cm should be evaluated, since they have a greater potential to be clinically 

significant cancers. Occasionally, there may be nodules <1 cm that require further 

evaluation because of clinical symptoms or associated lymphadenopathy
35

. 

 The broad understanding of the etiological factors for thyroid lesions are
36

 

Environmental chemicals and drugs that are goitrogenic in humans. 

1. Complex anions and inorganic atoms (iodine, lithium, CLO4 
–
, TcO4 

–
, BF4

–
), 

thiocyanate (SCN
–
) (cigarette smoking not convincingly demonstrated the cause of 

goitre). 

2. Thionamides, a family of compounds that share the NH-CS grouping, are used in the 

treatment of hyperthyroidism. One such compound is goitrin, isolated in plants of the 

genus brassica. 
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3. Aniline derivatives (sulfonamides, tolbutamide, sulfaguanidine, sulfamethoxazole, 

etc.) are drugs that are usually used as antidiabetics or antibacterials in too low a dosage 

to have important anti-thyroid effects. 

4. Phenol derivatives and polyhydroxyphenols. These compounds pollute the shale and 

may arise from degradation of humid substances and waste water from coal conversion. 

Such substances have been indicated as potential causes of goitre. Resorcinol has been 

found in vitro to be more potent than methimazole. 

5. Flavonoids* act on thyroid metabolism by interacting with the nuclear receptor for 

thyroid hormones. Flavonoids such as vitaxin and others are inhibitors of TPO and are 

considered goitrogenic in populations fed by millet as staple food. 

*Exclusive of the vegetable kingdom, more than 4,000 compounds have been identified 

in plants. The basic structure is represented by flavone, formed by two benzenic rings 

linked to a third pyranic ring. 

6. Inducers of hepatic drug metabolizing enzymes: these compounds induce the 

synthesis of hepatic enzymes for their detoxication, producing also an excess of thyroid 

hormone conjugation and thereby wasting of the hormone. If thyroid hormone wasting 

is severe, TSH 

increases and goitre results. Such a mechanism has been proven in a number of 

substances: pesticides, environmental toxins such as isomers of DDD and DDT, 

polychlorinated biphenyls. 

Chemical carcinogens known to produce thyroid tumors in animals without clinical or 

epidemiologic evidence of their role as cause of thyroid carcinomas in men
36

. 

1. Thionamid compounds: thiourea, methimazole, ethylenethiourea (ETU), thiouracil, 

propylthiouracil. Use: medicine, ETU degradation product of a fungicide. 

2. Aminotriazole. Use: herbicide. 3. Acetylaminofluorene (AAF). Use: insecticide. 
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4. Methylene benzenamine. Use: Dye intermediate.  

5. Oxydianiline (ODA). Use: Azo-Dye. 

6. Nitrosamines (DPN, DHPN, BOP). Use: lubricant additive, antioxidant. 

7. Nitrosoureas (NMU), (NBU), (ENU). Use: derivatives (BCNU, CCNU, MeCCNU) 

are drugs against tumors. Streptozocin (naturally occurring nitrosourea) is used in the 

treatment of islet-cell carcinoma of the pancreas). 

 

‗Thyroid nodule‘ is a term with a complex pathological pattern. In order to understand 

the pathogenesis the thyroid nodule is categorized into five types, which have a distinct 

anatomo-clinical picture:hyperplastic nodule; neoplastic nodule; colloid nodule; cystic 

nodule; and thyroiditic nodule (nodularHashimoto‘s thyroiditis). Although nontoxic 

goiter and thyroid nodules are the most common thyroid disorders in adult population, 

the etiology of both conditions is not completely understood. Some risk factors for 

goiter and thyroid nodules in middle-aged euthyroid subjects. Female gender, thyroid 

nodules, smoking, BMI, and lower TSH levels were found to be independently 

associated with higher risk of goiter. The risk of increased prevalence for thyroid 

nodules was significantly associated with thyroid volume, female gender, and TSH 

levels 
36,37

. 

 

COLLOID NODULE:   

Colloid accumulation occurs in thyroid pathology either as a nodule or as areas of 

colloid in a hyperplasticgoitre. Histology shows a marked dilatation of follicles–

sometimes enormous–and flattening of the epithelium. Nodules contain a dense viscous 

material made up of a concentrated solution of thyroglobulin. It is conceivable that 

these nodules are produced as a defect of intraluminal thyroglobulinreabsorption
38 

. 
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Cystic nodule:Euthyroid nodular goitre a large number of nodules is entirely or partly 

cystic. 

It is estimated that between 15–40% of thyroid nodules are partly or entirely cystic
39 

: 

– ‗true cyst‘: abnormal dilatation of a pre-existing cavity, lined with epithelium, or 

‗thyroglossal duct cysts‘, lined by either squamous epithelium or respiratory-type 

columnar epithelium. The true cyst is rare: 3/71 (i.e., 4%) cases could be defined as 

‗true cysts‘ and generally this kind of cyst is benign
40

; however, a coexistent papillary 

thyroid carcinoma of the thyroid was present in 25% of cases of thyroglossal duct 

cysts
41

. more than 95% of thyroid cysts are ‗pseudocysts‘, frequently found in a nodular 

goitre. In 6 to 15% of cases there might be degenerating thyroid carcinomas
42,43

 . 

Degenerative pseudocysts may have two different clinical presentations: ‗acute‘ and 

‗long-standing‘. Longstanding 

pseudocysts‘ are asymptomatic, occasionally found during ultrasonography. With acute 

pseudocysts patients can accurately report the onset of the nodule, which is preceded or 

accompanied by mild neck discomfort and sometimes by inflammatory symptoms
43

. 

 

HYPERPLASTIC NODULE  

The thyroid gland very easily produces diffuse and nodular hyperplasia–particularly in 

areas of endemic goitre–the proliferative activity of the thyroid is very low. The thyroid 

however shows the ability to proliferate rapidly in response to appropriate stimuli. 

Among those, iodine deficiency directly or indirectly is the principal potent stimulator 

of the replicative potential of the gland
38 

. 
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THYROIDITIS AND AUTOIMMUNITY 

Autoimmune diseases (AD) represent a spectrum of disorders caused by inflammation 

of organs due to production of antibodies against self-structures and cytotoxic action of 

T cells. Data from Europe, North America, Australia, New Zealand (defined as area 1) 

and Asia, Middle East, Caribbean, South America (defined as area 2) differ in the 

reported prevalence (cases/100,000 individuals) of the most frequent AD (1) as follows: 

Graves‘ disease (GD, area 1: 50–626, area 2: 20), Hashimoto‘s thyroiditis (HT, chronic 

autoimmune thyroiditis, autoimmune hypothyroidism, area 1: 300–2,980, area 2: 350), 

rheumatoid arthritis (RA, area 1: 310–810, area 2: 120–550), type 1 diabetes mellitus 

(T1DM, area 1: 310–570, area 2: no data), Crohn‘s disease (CRD, area 1: 28–201, area 

2: 6–113), multiple sclerosis (MS, area 1: 177–358, area 2: 4–101), and Sjögren disease 

(SD, area 1: 93–3,500, area 2: 330–1,560). The disparity by sex is high in most of these 

diseases with a female preponderance of ≥85%; only in some childhood-onset AD, such 

as T1DM, is the risk equal in both sexes. There are three age peaks for AD onset, 

namely, 8–10 years (juvenile RA, T1DM), 33–50 years (myasthe-nia gravis, MS, 

systemic lupus erythematosus, scleroderma, GD), and 52–63 years (HT, SD, adult RA, 

etc.) (2). Autoimmune thyroid diseases (AITDs) include several inflammatory 

thyroid
44

.Multiple mechanisms for autoimmune disorders is shown in figure 5
45

. 
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Figure 5: Mechanisms of autoimmunity   

Multiple pathways lead to autoantibody-induced pathology. Depending on the 

targeted autoantigen, and sometimes even depending on the targeted epitope within a 

single autoantigen, autoantibodies induce pathology through specific and distinct 

mechanisms. Some are highlighted in this cartoon (from upper left to lower right): 

antibodies against the thyrotropin receptor (TSHR) mimic hormone stimulation of the 

TSHR receptor leading to hyperthyroidism, blockade of neural transmission by 

autoantibody binding to the corresponding receptors may lead to severe neurological 

diseases such as anti-N-methyl-d-aspartate encephalitis, autoantibody-mediated 

blockade of enzymes of the primary hemostasis may trigger uncontrolled 

microthrombosis, in pemphigus, autoantibodies induce an altered signaling in 
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keratinocytes, which either reflects or leads to, a loss of cell–cell adhesion, resulting in 

severe skin blistering, autoantibodies to antigens expressed by neutrophils can lead to 

their uncontrolled activation, resulting in severe tissue injury, in autoimmune idiopathic 

thrombocytopenia autoantibodies trigger thrombocytopenia and severe bleeding, Fcγ-

mediated functions may trigger tissue inflammation in many autoimmune diseases, e.g., 

rheumatoid arthritis and pemphigoid disease
44

.  

 

Autoimmune disease and gender influence 

Generally, women have a stronger humoral and cellular immuneresponse compared to 

men. They show a higher CD4:CD8 ratio because of a higher absolute CD4 cell count 

and a higher level of circulating antibodies
46,47

. Compared to men, they have more rapid 

rejection of allograft and reduced incidence and regression of tumors
48

.Estrogens, 

androgens and prolactin are hormones that have been studied for increasing 

susceptibility to ADs and can affect both innate and adaptive immune systems
49,50

. 

Estrogens seem to direct the immune system to T-helper 2 (Th2) lymphocyte 

dominance with the consequence of more B cell activation and antibodyproduction
51

. In 

contrast, androgen favors the development of 

a T-helper 1 (Th1) response and CD8þ cell activation
52,53 

.Prolactin appears to stimulate 

both cell and humoral-basedimmunity
54 

. For this modulation of the immune system to 

be 

possible, these hormones have to be able to bind to receptors expressed by immune 

cells. B cells have been shown to express both androgen and estrogen receptors. In 

murine models, CD8 cells have been shown to express estrogen receptors along with 

monocytes, neutrophils and natural killer cells
55,56

.Otherstudies suggest that sex 



38 
 

hormones like estrogen can regulate antigen presentation by macrophages and dendritic 

cells through production of transforming growth factor beta
57,58

. 

 

 

Figure 6: Gender Susceptibility  

Gender related factors influencing the development of autoimmune diseases (ADs). 

Main factors explaining the higher prevalence of several ADs in women include 

hormonalfactors,since estrogens and prolactin are immune stimulants while androgens 

are immune suppressors.  

Genetic factors include
46

: 

1.) Skewed X chromosome inactivation, a potential mechanism whereby X-linked self-

antigens may escape presentation in the thymus or peripheral sites that are involved in 

tolerance induction 

 2.) X chromosome dosage:  
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a) Xmonosomy: through the generation of autoreactive T cells that are not 

exposed to  

self-antigens encoded by one of the two X chromosomes 

b) Klinefelter‘s syndrome: incidence of SLE is higher in XXY males;  

3.) Non-inherited maternal antigens (NIMAs) acting as modulators of the immune 

repertoire; 4.) Microchimerism: microchimeric cells might be targeted as foreign cells 

they could be implicated in the pathogenesis of ADs  

5.) Although genetic protective associations of genes in the Y chromosome have not 

been found in humans, rodent models suggest that unexplored regions or genes in the Y 

chromosome may play a role in the protection of men to the most relevant ADs. 

Circulating immune complexes seen in various thyroid diseases which include Graves' 

disease, Hashimoto's thyroiditis, Spontaneous myxedema, Asymptomatic thyroiditis, 

Goitre with thyroiditis, Diffuse goitre, Nodular goitre, Cold nodule and Hot nodule
59

.  

Autoimmune thyroiditis is defined as an inflammatory state of the thyroid gland 

characterized 

byintrathyroid lymphocytic infiltration, ultrasonographic signs of inflammation, and 

antibodies to thyroglobulin, thyroid peroxidase (TPO) or both. The generic term 

autoimmune thyroiditis encompasses Hashimoto thyroiditis (the most frequently 

encountered form), Graves‘ disease and some rare variants, such as painless sporadic 

thyroiditis, postpartum thyroiditis, drug induced thyroiditis and thyroiditis that 

accompanied polyglandular autoimmune syndromes. Hashimoto thyroiditis is 

subdivided into the classic form, characterized by goiter and an autoimmune response, 

and the atrophic form
60

.  

Environmental factors that contribute to the development of autoimmune thyroiditis
60,61

.  

 Dietary factors 



40 
 

Iodine 

Selenium 

 Pollutants 

Radioiodine 

Tobacco smoking 

Polychlorinated biphenyls 

Effects of global warming (possible) 

 Hormones 

Pregnancy and parity 

 Stress 

 Therapy 

Interferon α 

Interferon β 

Interleukin 2 

Amiodarone 

Antiretroviral agents 

 Infections 

Yersinia enterocolitica 

Hepatitis C virus 

 Socioeconomic environment (hygiene hypothesis) 

Pathogenesis of Hashimoto’s disease (A) and Graves’ Disease (B). 

(A) Autoreactive CD4+ T cells in HT induce antibody production by B cells. The 

antibodies bind to the basal membrane of the thyroid follicle, activate complement, and 

induce necrosis of thyrocytes. The activation of cytotoxic CD8+ T cells leads to the 
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induction of apoptosis by action of perforin. Finally, the expression of Fas (CD95) and 

FasL (CD95L) by thyrocytes perpetuates HT
61,62

.  

(B) Autoreactive CD4+ T cells in GD induce only anti-thyroid-stimulating hormone 

receptor antibody-producing B cells. These antibodies act stimulatory by increasing I2 

metabolism (cAMP/PKA) and promoting proliferation and survival (PI3K/PKC/ERK) 

of thyrocytes. Blocking antibodies are characterized by lack of effect (not shown), and 

neutral antibodies activate various pathways, such as PI3K/Akt, mTOR/p70S6K, and 

MAPK/ERK1/2 and induce thyrocyte apoptosis
44,62,63

.  

 

Figure 7: Pathogenesis of Autoimmune Thyroiditis  

HISTOLOGIC VARIANTS OF HASHIMOTOS THYROIDITIS(HT) 

The classic form: HT typically presents during the 5th decade of life and is 

overwhelmingly more common in women. The thyroid gland is enlarged and firm. Most 

patients (approximately 75%) are euthyroid at diagnosis, whereas the remaining 
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minority show a range of dysfunctions from subclinical hypothyroidism (defined by 

elevatedTSH levels but with thyroid hormones still within the normal range)to overt 

hypothyroidism
64,65

. 

The fibrous variant: The fibrous variant of HT is also more common in older women. 

It also presents goiter, which is however often symptomatic. The thyroid is lobulated, 

imparting the appearance of bona fide thyroid nodules. Most patients are hypothyroid 

and require prompt thyroid hormonereplacement
66

. In older ages this fibrous form 

evolves into a severe form of thyroid atrophy that manifests clinically as idiopathic 

myxedema. The thyroid gland is not palpable, and patients have the symptoms of 

hypothyroidism, which are however more difficult to identify given the overlap with the 

manifestations of aging
70

. 

The IgG4-related variant: The IgG4-related variant of HT, like the classic form, 

occurs most commonly during the 5th decade of life but at a younger age . Like for 

other IgG4-related diseases, men are frequently affected, decreasing the extremely high 

female to male ratio of the classic form to 3:1. TheIgG4-related variant tends to have a 

more rapid and aggressive course, so that many patients are still found to have 

subclinical hypothyroidism despite being replaced with synthetic thyroid hormones. 

Thyroid autoantibodies reach the highest values 
72

. 

The juvenile variant: The juvenile variant is the form of HT presenting before 18 years 

of age,with a mean age at presentation of 11 years. It is more common in females, 

although with a smaller female to male ratio .Most children have goiter but are usually 

asymptomatic. At the time of diagnosis, 43% of the children are euthyroid, 24% have 

subclinical hypothyroidism, 21% overt hypothyroidism, 9% overt hyperthyroidism, and 

3subclinical hyperthyroidism. The natural history is variable,with remission, recurrence, 

and evolution into permanent hypothyroidism all being described
73

. 
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The Hashitoxicosis variant: The Hashitoxicosis variant, initially described by 

Fatourechi in 1971, has the clinical features of Graves‘s hyperthyroidism and the 

pathological appearance of HT. The initial hyperthyroid phase is virtually 

indistinguishable from Graves's disease, including the elevated thyroid uptake of 

radioactive iodine and the presence of thyroid-stimulating immunoglobulins. The 

hyperthyroidism however, is transient, and after a period of 3 to 24 months it evolves 

into permanenthypothyroidism
74

. 

Painless (or silent) thyroiditis: It is a lymphocytic inflammation of the thyroid gland 

that can occur sporadically or, more commonly, within12 months after delivery. The 

two forms are indistinguishable except for the relation of the latter form to pregnancy, 

so that is called postpartum thyroiditis. Painless thyroiditis tends to be more prevalent in 

areas of higher dietary iodine intake, and is scholarly described as having a triphasic 

pattern consisting of an initial phase of thyrotoxicosis, followed by hypothyroidism, and 

then recovery
73,74

. 
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THYROID NEOPLASMS 

Thyroid cancer has a wide spectrum of morphologies and behaviors that include the 

most common and indolent tumors as well as the most aggressive and rapidly lethal 

malignancies. The importance of pathology in the identification, diagnosis, and 

prognostication of thyroid cancer cannot be underestimated
75

.  

Similar to other neoplasias also in thyroid carcinomas, activated oncogenes (Table 3) 

are considered the underlying event leading to uncontrolled cell growth. Activated 

oncogenes have been identified in thyroid malignancies and also in adenoma and 

hyperplasia
38,76

. These oncogenes with genetic lesion results in biochemical 

abnormality and the effect of such abnormality on signal transduction leads to 

unregulated growth, and finally the histological type is associated with a distinct 

activated oncogene
77

.  

Most of the products of activated oncogenes are proteins that operate through the 

mitogen activated protein kinase cascade (MAPK) and cAMP-dependent protein kinase 

(PKA). Normally, signals proceed from plasma membrane into cytosolic and nuclear 

targets, activating a series of regulatory molecules that govern fundamental cellular 

processes such as proliferation, differentiation, stress response, apoptosis and cell cycle 

progression. A defect in this finely regulated network might lead to neoplastic 

transformation
78

. 

Histological variants of thyroid malignancies  

There is general appreciation that thyroid cancer can be divided clinically into a large 

group of well- differentiated neoplasms of slow growth and high curability, and a 

smaller group of highly anaplastic tumors with a uniformly fatal outlook. A small group 

of slowly growing tumors derived from the parafollicular or C cell has been established 

as a distinct entity called as medullary carcinoma
79 

. 
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Table 3: Principal oncogenes and growth factors involved in thyroid 

carcinogenesis
79

.

 

Sir Lewis B. Woolner produced data based on a large series of personally observed 

patients whose condition was diagnosed and who were treated at the clinic at some time 

between 1926 and 1960. During a period of 35 yrs., 1181 thyroid carcinomas were 

diagnosed, and the patients were treated at the Mayo Clinic (table 4). The classification 

used and the relative incidence of various subtypes was presented
80

. 

Table4: Classification of Thyroid Carcinoma (Mayo Clinic, 1926-1960, 1181 Cases) 

Types of Thyroid Carcinoma 

 

Cases 

 

Well-differentiated 

 Papillary 

 Follicular 

 

736  

208  

77  
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Undifferentiated 

 Medullary (solid) 

 with amyloid 

Anaplastic 

 

 

160  

 

1,181 

 

The classification of thyroid cancers has undergone multiple alterations over the last 

century. At the time of publication of the first Armed Forces Institute of Pathology 

Fascicle on thyroid tumors, published in 1953, the classification of differentiated 

thyroid cancer was very simple (Table 5): there were benign and malignant tumors and 

they each came in 2 variants, papillary and follicular, that were distinguished based on 

architecture. The classification of a lesion as malignant was dependent on identifying 

invasive behavior that could be infiltration of the tumor capsule, surrounding tissue 

and/or vessels
81

.  

Table 5: Classification of primary thyroid neoplasms of follicular cell derivation circa 

1953 

Benign Follicular adenoma 

Papillary cystadenoma 

Malignant – Differentiated Follicular carcinoma 

Papillary carcinoma 

Malignant - Undifferentiated  Anaplastic carcinoma 

 

The classification based on architecture was complicated by the reality that many 

―papillary carcinomas‖ had prominent areas of follicular architecture. Thus came the 

era of ―mixed papillary and follicular‖ carcinomas, despite the fact that these tumors 
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behaved in the same fashion as classical papillary carcinomas. The following decades 

also saw new variants of papillary carcinomas that behaved in a more aggressive way 

than conventional papillary thyroid carcinoma (PTCs); these included tall cell 

carcinomas, the very rare columnar cell type and most recently, the hobnail cell variant. 

Many of these arose within differentiated carcinomas, and some were associated with 

anaplastic dedifferentiation, paving the way for the concept of progressive 

dedifferentiation in thyroid  carcinoma
82,83

. 

 

Table 6: Classification of primary thyroid neoplasms of follicular cell derivation circa 

1992
84 

Benign Follicular adenoma 

 Conventional 

 Variants 

 

Papillary cystadenoma 

Malignant – Differentiated Follicular carcinoma 

Papillary carcinoma 

 Conventional 

 Variants 

 

 Malignant -Poorly differentiated Insular carcinoma 

Others 

Malignant - Undifferentiated  Anaplastic carcinoma 
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 By 2004, the World Health Organization (WHO) book on endocrine tumors classified 

all tumors that displayed ―distinctive nuclear features‖ as papillary carcinoma 

variants
85

. 

Table 7: Classification of primary thyroid neoplasms of follicular cell derivation circa 

2004 

Benign Follicular adenoma- Multiple variants 

 

Hyalinizing trabecular tumor 

 

Malignant – Differentiated Papillary carcinoma 

 Multiple variants 

Follicular carcinoma 

 Minimally invasive 

 Widely invasive 

 

Malignant -Poorly differentiated Poorly differentiated carcinoma 

Malignant - Undifferentiated  Anaplastic carcinoma 

 

However, the threshold for the diagnosis of follicular variant papillary thyroid 

carcinoma 

(FVPTC) became one of the most controversial areas in pathology with significant 

intraobserver and interobserver variation. In 2016, an entire study was dedicated to 

developing consensus for the recognition and grading of nuclear atypia. Despite the 

many controversies and changes that have evolved over the past 70 years, it remains 
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irrefutable that thyroid cancer manifests a spectrum of morphologies that correlates 

with clinical behavior
86,87,88

. 

Table 8: World Health Organization classification of primary thyroid neoplasms of 

follicular cell derivation 2017
 

Benign  Follicular adenoma  

Borderline/uncertain  

 

Hyalinizing trabecular tumor, 

Other encapsulated follicular 

patterned 

tumors 

 

 Follicular tumor of 

UM P (Uncertain 

Malignant Potential) 

 Well-differentiated 

tumor of UMP 

 Non-Invasive 

Follicular Thyroid 

neoplasm with 

Papillary-like nuclear 

features (NIFT-P) 

Malignant  

 

PTC  

 

 

 

 

 

 

 

 

 Papillary carcinoma 

 Follicular variant of 

PTC 

 Encapsulated variant 

of PTC 

 Papillary 

microcarcinoma 

 Columnar cell variant 

of PTC 
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FTC  

 

 

 

 

Hurthle (oncocytic) cell tumors 

 

Others  

 Poorly differentiated thyroid 

 Carcinoma 

 Anaplastic thyroid carcinoma 

 Squamous cell carcinoma 

 Medullary thyroid carcinoma 

 Mixed medullary and thyroid 

carcinoma 

 Mucoepidermoid carcinoma 

 Sclerosingmucoepidermoid 

carcinoma with eosinophils. 

 Mucinous carcinoma 

 Ectopic thymoma 

 Oncocytic variant of 

PTC 

 

 FTC, minimally 

invasive 

 FTC, encapsulated 

Angioinvasive 

 FTC, widely invasive 

 

 Hurthle cell carcinoma 
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 Spindle epithelial tumor with 

thymus like differentiation. 

 Intrathyroidthymic carcinoma 

Paraganaglioma and mesenchymal 

/stromal tumors  

Hematolymphoidtumours 

Germ cell tumors 

Secondary tumors 

 

 

PROGNOSTIC FACTORS 

A major clinical goal for those who manage patients with thyroid cancer is to identify 

morphologic and molecular features that provide the ability to identify tumors of any 

given type that will behave more aggressively than others. In differentiated thyroid 

cancers, several biomarkers, molecular alterations, and epigenetic features, including 

microRNAs, have been proposed. Morphologic features that predict progression are 

also important. Clinical parameters, including age, gender, and risk factors, are also of 

critical relevance. It is generally accepted that size and rate of growth are important 

clinical parameters that distinguish a classical papillary microcarcinoma that can be 

subjected to active surveillance from a large, infiltrative classical PTC that requires 

surgery. Minimally invasive FTCs and encapsulated FVPTCs or NIFT-P lesions, and 

even low-risk classical PTCs in the clinically detectable range, can be considered 

adequately treated by surgical resection without total thyroidectomy or lymph node 

dissection. In contrast, PTCs with morphologic features, such as hobnail, tall, or 
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columnar cell features, warrant more careful assessment to determine whether they have 

developed extra thyroidal extension or regional lymph node metastases. Carcinomas of 

either papillary or follicular type that show unequivocal angioinvasion are more likely 

to give rise to distant metastases. Any tumor that exhibits areas of dedifferentiation 

should be considered for more aggressive therapy. It remains important to balance the 

risks of total thyroidectomy and radioactive iodine therapy with the benefit that is likely 

to be gained, and this requires insight into the many and various factors that alter the 

predicted outcome
38

. 
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IV. IMMUNOHISTOCHEMISTRY IN THYROID NEOPLASMS  

 

Most thyroid tumors can be readily diagnosed using histopathologic criteria, which 

allow the pathologist to differentiate benign from malignant lesions and guarantee an 

accurate classification for the majority of the variants of carcinomas derived from 

follicular epithelial cells. However, in most cases, the pathologist is confronted with 

thyroid lesions in which the distinction between benign and malignant can be quite 

subtle. The decision favoring one or another has clinical consequences and implies 

different modalities of treatment. On one hand, there is the need to avoid excessive 

treatment and psychological discomfort to the patient. On the other hand, patients with 

potentially aggressive disease need to be guaranteed effective management at the initial 

stages of disease when it is still curable. For this reason, the approach to these 

challenging tumors should include ancillary techniques, immunohistochemistry and 

molecular profiling, that can improve the standard morphologic assessment both in 

surgical specimens and in cytology samples obtained by fine-needle aspiration
89,90

.  

Several immunohistochemical markers using different antibodies, alone or combined in 

panels, have been postulated to improve diagnostic accuracy of follicular-pattern 

thyroid lesions. They belong to different categories and are involved in cell adhesion 

(galectin-3, E-cadherin, fibronectin [FN]), receptor signaling (RET), gene transcription 

control (thyroid transcription factor 1 [TTF-1]), secretion (thyroglobulin [TG], 

calcitonin, carcinoembryonic antigen [CEA]), cell cycle regulation (p27, cyclin D1), 

and cellular structure (cytokeratin [CK] 19). They are detected in different cellular 

compartments such as membrane and/or cytoplasm (Hector Battiforamesothelial (cell) 1 

[HBME-1], β-catenin) and nucleus (p53)
91

. 
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i. Ret oncogene  

The identification of RET/PTC rearrangements has increased the ability to diagnose 

PTC. The utility of aberrantRETexpression by rearrangement as a diagnostic marker in 

borderline thyroid lesions and preoperative evaluation of thyroid aspirates is supported 

by its high specificity for PTC. RET immunostaining has been shown to be useful in the 

assessment of thyroid lesions with incomplete and/or focal features of PTC in which 

positive staining has been demonstrated in more than 50% of cases in close parallel 

with the morphologic features suggestive of PTC. RET protein detection by 

immunohistochemistry has also been reported in the so called HTAs, and this finding 

was confirmed by detectionofRET/PTC-1 rearrangements by RT-PCR, suggesting that 

HTA may represent a variant of PTC. Similarly, it has been shown that oncocytic 

tumors that exhibit nuclear features of PTC also harbor RET/PTC rearrangements
92

. 

RET protein–positive immunostaining can also be demonstrated in the oncocytic cells 

of this subset of tumors, supporting the revised classification system for oncocytic 

tumors that recognizes an oncocytic follicular variant of PTC. RET/PTC oncogene 

product immunostaining has been reported as a useful adjunct when used in 

combination with other antibodies including CK19, galectin-3, and HBME-1 in the 

assessment of thyroid specimens and aspirates
93

. 

ii. Cytokeratin 19 

Different subtypes of keratin filaments are grouped according to molecular weight. 

High-molecular-weight CKs (CK1, CK4, CK10, and CK13) are detected in stratified 

squamous epithelium. Simple or glandular epithelium expresses CK7, CK8, CK18, and 

CK19. 

Normal thyroid follicular epithelium is often negative, although focal staining for 
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CK19 is usually identified in the compressed thyroid parenchyma surrounding nodules 

and in follicular cells within lymphocytic thyroiditis. This pattern of staining is 

consistent with the intense pattern of staining seen in reactive follicular epithelium 

within thyroid nodules around the site of degeneration, especially at the site of a 

previous needle biopsy. However, the finely dispersed positivity seen in the cells of 

PTC is distinctive. Although this feature is usually diffuse throughout the lesion, focal 

staining for CK19 does not rule out a diagnosis of PTC, particularly in nodules with 

nuclear features of PTC that are seen focally. CK19 has also been considered by many 

investigators to be a useful ancillary tool for the diagnosis of papillary carcinoma in 

FNAC, especially in cytologically suggestive but indeterminate cases. The reported 

sensitivity and specificity using CK19 as a single marker is as high as 92% and 97%, 

respectively
94,95,96

. 

iii. Galectin3 

Galectin-3 (31-kd molecular weight) is one of the members of a family of non-integrin 

_-galactoside–binding lectins that have related amino acid sequences in the 

carbohydrate binding site. Galectin-3 has affinity for CEA, immunoglobulin(Ig) 

E,lamnin, and other mucins. Kovacs etalfound that IHC expression of galectin-3 may 

help in the differential diagnosis of solitary encapsulated follicular lesions, especially 

the minimally invasive follicular carcinoma. Several other investigators showed 

thatgalectin-3 is very useful in distinguishing benign from malignant tumors, especially 

PTC, with high sensitivity and specificity. Galectin-3 can aid in identifying FVPC, and 

distinguishing minimally invasive FC from FA. Galectin-3 shows 85.2% sensitivity for 

immunoexpression distinction between carcinomas and benign nodules 
97,98

.  

iv.HBME 1  
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HBME-1 is a monoclonal antibody that recognizes an unknown antigen in the 

microvilli of mesothelioma cells, normal tracheal epithelium, and adenocarcinoma of 

the lung, pancreas, and breast. HBME-1 has also been reported by several investigators 

to be a useful marker of malignancy in thyroid nodules. Overall in the thyroid, HBME-1 

stains mostly follicular-derived malignant tumors, including well-differentiated and 

poorly differentiated carcinomas, with a variable sensitivity and specificity in different 

series
99

. 

It has been found to be reactive mostly in papillary thyroid carcinoma and some 

follicular carcinomas, but usually negative in follicular adenomas. Papottiet al in a 

study of well-differentiated thyroid tumors of uncertain malignant potential found that a 

diffuse and strong expression of HBME-1, and to a lesser extent galectin-3,is 

preferentially observed in the tumors with nuclear changes suggestive of papillary 

carcinoma. However, they concluded that the diagnosis of these tumors should also 

depend on previously defined morphologiccriteria
99

.  

v. Cyclo-Oxygenase 2 

Cyclooxygenase (COX) or prostaglandin H synthase is involved in the formation of 

prostaglandins from arachidonic acid. Recently, COX-2 has been detected in the 

thyroid, although the expression varies widely in tumors. Papillary and follicular 

carcinomas of the thyroid show a significantly higher perinuclear cytoplasmic 

immunoreactivity, compared with normal follicular cells and follicular adenomas
100

. 

vi. Peroxisome Proliferator-Activated Receptor. 

PAX8-PPAR_1 rearrangements were initially reported in a subset of angioinvasive 

follicular carcinomas as a result of the translocation t(2;3)(q13;p25), which leads to 

fusion of the DNA-binding domains of the thyroid transcription factor PAX8 to 
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domains A to F of the PPAR_1.90 the presence of PAX8-PPAR_1 expression by RT-

PCR and shows strong nuclear 

stainingby immunohistochemistry in 53% to 69% of follicular carcinomas, as well as in 

a small number of papillary carcinomas, and its absence in nodular hyperplasia
101

. 

 

vii. E-Cadherin 

Normal thyroid follicular cells express uniformly high levels of E-cadherin mRNA and 

have a strong cell surface pattern of staining. E-cadherin staining is variably reduced in 

well-differentiated thyroid carcinomas and frequently absent in poorly differentiated 

and anaplastic carcinomas. Loss of Ecadherin expression is an adverse prognostic factor 

in differentiated thyroid carcinomas
102

. 

viii. β-catenin 

Thyroid tumors express different patterns of immunoreactivity, including strong to 

weak membranous positivity reported in follicular adenomas and well-differentiated 

thyroid carcinomas and loss of membranous staining with nuclear and cytoplasmic 

staining in poorly differentiated and anaplastic carcinomas. Along with E-cadherin, loss 

of membrane _-catenin immunostaining is an indicator of loss of differentiation and 

adverse prognosis. Aberrant nuclear immunoreactivity of β-catenin is associated with 

stabilizing CTNNB1 exon 3 mutations that are found almost exclusively in poorly 

differentiated and anaplastic carcinomas. The cribriform-morular variant of PTC, which 

is pathognomonic of familial adenomatous polyposis–associated thyroid carcinoma, has 

been reported to demonstrate 

cytoplasmic and nuclear accumulation of β-catenin and CTNNB1 exon 3 mutations
103 

. 
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ix. Fibronectin-1 

Fibronectins are multifunctional adhesive glycoproteins found in the extracellular 

matrix and body fluids. Fibronectin emerged as a potential marker of thyroid carcinoma 

in microarray studies in which it was reported to be up-regulated compared with normal 

tissue. An 

immunohistochemical panel consisting of FN, galectin-3, and HBME-1 has been 

reported to be effective in the diagnosis of follicular cell–derived thyroid tumors. 

However, FN expression is reduced in more aggressive cancers and in the invasive 

components of differentiated carcinomas. In fact, modulation to up-regulate FN may 

represents therapeutic target to prevent invasion and metastasis in thyroid carcinoma
104

. 

x. Thyroid Peroxidase 

Thyroid peroxidase (TPO) is a thyroid-specific enzyme involved in the synthesis of 

thyroid hormone. Gene suppression and mutations of the TPO gene were reported in 

some differentiated thyroid carcinomas. Reduced TPO immunoreactivity has been 

proposed by some investigators as a marker to distinguish benign from malignant 

thyroid tumors at preoperative assessment of thyroid nodules by FNAC. The use of 

TPO in combination with other immunohistochemical markers has been reported as 

useful for the diagnosis of papillary carcinoma in surgical thyroid specimens
105

. 

xi. P53 

Mutations of TP53 represent late genetic events in thyroid carcinogenesis. As a result, 

accumulation of p53 can be detected by immunohistochemistry most often in anaplastic 

and poorly differentiated thyroid carcinomas.  Rarely, it can be seen in well-

differentiated papillary and follicular carcinomas as well as in medullary carcinomas. 

Positive immunoreactivity for p53 is an independent prognostic factor for overall 

survival of patients with thyroid cancer
106

. 
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xii. Thyroid Transcription Factor 1 

TTF-1 was identified in 1989 as a nuclear tissue-specific protein with DNA-binding 

activity that interacted with the TG gene in the rat.144 TTF-1 regulates gene expression 

in the thyroid, lungs, and diencephalon during embryogenesis. In the thyroid, nuclear 

reactivity for TTF-1 is present in follicular cell–derived benign and malignant lesions 

and medullary carcinomas. Poorly differentiated carcinomas often show decreased and 

focal staining for TTF-1, and most anaplastic carcinomas lack TTF-1 reactivity. When 

used in combination with TG, TTF-1 is an effective marker for thyroid origin. Lack of 

TTF-1 immunoreactivity in a thyroid tumor should prompt investigation of other 

differential diagnoses, including parathyroid tumors, paragangliomas, and metastatic 

lesions
107

. 

xiii. Thyroglobulin 

Thyroglobulin is the primary product synthesized in the thyroid, and the 

macromolecular precursor of the iodinated thyroid hormones thyroxine (T4) and 

triiodothyronine (T3) Compared with TTF-1, TG is also a highly sensitive histogenetic 

marker for follicular cell origin, although patchy staining pattern, particularly in the less 

well-differentiated tumors, may produce less reliable results in small biopsies
108

. 

xiv. Calcitonin 

Medullary thyroid carcinoma (MTC) and C cells stain positively for calcitonin, a 

secreted protein produced by parafollicular C cells, which causes a rapid but short-lived 

drop in the level of calcium and phosphate in blood by promoting the incorporation of 

those ions in the bones. Calcitonin, together with CEA, chromogranin, synaptophysin, 

and calcitonin gene-related peptide are the most useful immunohistochemical markers 

for the diagnosis of MTC, especially when facing histologic subtypes such as the 

follicular, papillary, or encapsulated variants that can pose diagnostic difficulties with 
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follicular cell–derived carcinomas and paraganglioma. Calcitonin is also a diagnostic 

marker to confirm C-cell hyperplasia, which is usually associated with familial 

medullary carcinoma
109,110

. 
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V. THE BETHESDA SYSTEM FOR REPORTING THYROID 

CYTOPATHOLOGY (TBSRTC) 

A standardized nomenclature for the interpretation of thyroid fine needle aspirates 

(FNAs), known as the Bethesda system for reporting thyroid cytopathology was 

introduced in 2007, which describes six diagnostic categories of lesions as described in 

table 9. 

 

Table 9: CATEGORIES OF TBSRTC 

I Non Diagnostic or Non 

Satisfactory  

Cyst fluid only 

Acellular material 

Hemorrhage/clot/ artifact 

II Benign  Consistent with benign nodules/ 

lymphocytic thyroiditis/ 

granulomatous thyroiditis  

III AUS/FLUS (Atypia of undetermined significance or follicular lesion of 

undetermined significance) 

IV Follicular neoplasm or suspicious for follicular neoplasm.(Includes 

Hurthlecell change ) 

V Suspicious for malignancy  Suspicious for  

• Papillary carcinoma 

• Medullary carcinoma 

• Metastatic carcinoma 

• Lymphoma 
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• Others  

VI Malignant  Malignant lesions. 

 

The description of cytology smears to categorize under Bethesda system includes
111

 

Non‑diagnostic or unsatisfactory 

An adequate smear has at least six well‑preserved follicular groups which contains at 

least ten follicular cells. But  abundant thick colloid may not have a requirement for a 

minimum number of follicular cells. Smears not fulfillin the criteria or showing 

onlyhistiocytes are considered inadequate. 

Benign 

Cytological features of colloid goiter/adenomatoid goiter, Hashimoto‘s thyroiditis, 

thyrotoxicosis, de Quervain‘s thyroiditis,or granulomatous thyroiditis due to Koch‘s are 

categorized as benign thyroid lesions. 

AUS/FLUS 

Smears with cytological features showing few cells with atypia, which cannot be 

categorized definitely in benign or malignancy or suspicious for malignancies are 

categorized in this group. 

FN/SFN  

Smears with high cellularity showing predominant micro follicular or trabecular pattern 

of arrangement of follicular cells (hurthle cell change also) are categorized under this 

group. 

Suspicious for malignancy 

Cellular smears with marked atypia and which cannot be definitely categorized as 

malignancy is included in this group. 
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Malignant 

Aspirates that appeared unequivocally malignant are placed in this category 

 

Based on the reporting system risk of malignancies is calculated and the management is 

as shown in table 10.
112 
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MATERIALS AND METHODS: 

TYPE OF STUDY            :   PROSPECTIVE STUDY. 

STUDY DESIGN             : Cross sectional study   

DURATION OF COLLECTION OF DATA: This was a two year prospective study 

carried out from 2015 to 2016 at BLDE Deemed to be University, Shri B M Patil 

Medical College, Hospital & Research Centre, Vijayapura.   

STUDY POPULATION: The study group included out patients and in patients with 

thyroid abnormality of Shri B M Patil Medical College, Hospital& Research Centre, 

Vijayapura.   

SAMPLE SIZE      :  Using expected prevalence of  thyroid diseases among adults in 

India as 3.4% per 10000 population
2
 , expected sensitivity of HBME -1 marker as 1 and 

expected specificity of HBME1 as 0.96, as HBME 1 marker as best marker and desired 

precision as 3% the minimum sample size is 165 with 95% confidence level. This 

sample size will give the precision of 3% or less for both sensitivity and specificity. 

The formula used in this calculation:   Z
2
P(1-P) / d

2 

Where    n= sample size 

Z = Z Statistic for a level of confidence, 

P= expected prevalence or proportion 

d= Precision  

SELECTION CRITERIA   
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INCLUSION CRITERIA: All patients with thyroid swelling from ENT & Surgery 

clinic being referred to Department of Pathology for FNAC/Histopathology study. 

EXCLUSION CRITERIA: Patients with thyroid swelling with thyroid hormone therapy 

or antithyroid drugs. 

PLAN OF STATISTIC ANALYSIS         :  

The statistical evaluation of the data was carried out using the Statistical Package for 

Social Sciences (SPSS® version 17.0) and Microsoft® Excel for Mac 2011 programs. 

In the present study, descriptive statistics as well as 95% confidence interval for a 

single proportion and a mean, sensitivity, specificity, positive predictive value (PPV), 

and negative predictive value (NPV) was calculated. 

ETHICAL CLEARANCE 

Ethical clearance was obtained by the Institutional Ethical Committee of 

BLDE(Deemed to be University) (IEC No-114/2015-16, dated 10/04/2015). Purpose of 

study was explained and informed consent in local(kannada) language was taken from 

all the patients. A data collection sheet was designed to gather all the necessary 

information of the patients. The written official permission was also taken from the 

hospital administrator.  
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DATA COLLECTION PROCEDURE: 

Parameters estimated:  

Serum markers estimation of  Free thyroxine (T4), Free tri-iodothyronine (T3), thyroid 

stimulating hormone (TSH),  Anti thyroglobulin antibody (AntiTG) and anti 

thyroperoxidase (Anti-TPO) 

Immune Markers: HBME 1 and Galectin 3  

Ret proto-oncogene mutation. 
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STUDY PLAN FLOW CHART 

 

 

Patient with Thyroid swelling visiting our 
hospital  

clinical details: onset of swelling associated symptoms and other 
important history obtained. 

informed consent was taken  

clincal examination of swelling done 

5ml venous blood collected in plain vac-cutainer and processed for 
analysis and sample run in Vidas hormone analyser    

Fine needle aspiration was performed and slides processed for further 
staining and reporting  

The Bethesda reporting Sytem for Thyroid cytopatholgy was used for 
cytology diagnosis    

Ressected specimens (surgery indicated cases) were obtained and 
procssed in Histopathology laboratory under standard 

FFPE(Formalin Fixed paraffin Embedded) procedure and 
Hematoxylin and Eosin staining done 

Iummnohistochemistry(IHC) performed in difficult 
cases  

HBME1 and galectin-3 were two immune markers used  
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SERUM BIOMARKER ASSAY 

Principle of a biomerieuxMinividasChemiluminescence Immunoassay  

The Solid Phase Receptacle acts a stable state aspiration device for the test. Reactants 

for the test are prepare-to-use and pre allocate in the covered reagent strips. Most of the 

experiment steps are done automatically by the mini vidas immunological analyzer. In 

and out of cycled mechanisms of SPR test processed regularly. Free ingredients are 

removed through cleaning buffer and last reaction step is 4-Methyl-umbelliferyl 

phosphate cycled in and out of the SPR. Then, hydrolysis of this substrate into a 

luminance product by immobilized enzyme, the 4-Methylumbelliferone luminance is 

detected at 450 nm. The power of the luminance based on the absorption of alkaline 

phosphatase present on the SPR that alter the substrate. At the end, results are 

automatically measured by the analyzer. For some tests, two detection steps are 

performed successively. For antigen detection, the SPR is generally coated on the 

interior with capture antibody or sometimes with byproducts of the analyte. For 

antibody detection, the SPR is coated with an encapsulated antigen or antibody 

administered to the antigen.
1 

Principle: The assay principle combines a two-step enzyme immunoassay sandwich 

method with a final fluorescent detection (ELFA).The Solid Phase Receptacle (SPR
®
) 

serves as the solid phase as well as the pipetting device. Reagents for the assay are 

ready-to-use and pre-dispensed in the sealed reagent strips. All of the assay steps are 

performed automatically by the instrument. The reaction medium is cycled in and out of 

the SPR several times. 
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After preliminary wash and sample dilution steps, the anti- TPO and anti TG antibodies 

present in the sample will bind to the recombinant protein coating the interior of the 

SPR
®
. 

Unbound components are eliminated during a washing cycle. Anti-human IgG 

antibodies conjugated with alkaline phosphatase, will attach to the immune complex 

coating the interior of the SPR.A final wash step eliminates the excess conjugate. 

During the final detection step, the substrate (4-Methyl- umbelliferyl phosphate) is 

cycled in and out of the SPR. The conjugate enzyme catalyzes the hydrolysis of this 

substrate into a fluorescent product (4-Methyl- umbelliferone), the fluorescence of 

which is measured at 450 nm. The intensity of the fluorescence is proportional to the 

concentration of anti-TPO  and anti TG antibodies present in the sample. At the end of 

the assay, results are automatically calculated by the instrument in relation to the 

calibration curve stored in memory, and then printed out.
2 
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FINE NEEDLE ASPIRATION CYTOLOGY  

A 20 ml plastic disposable syringe is the most satisfactory size coupled with a 21, 23, or 

25 gauge needle, after the skin has been cleaned with antiseptic, the thyroid 

swelling/nodule is held firmly with one hand and the needle is inserted directly into it. 

The plunger of the syringe is pulled back, thus exerting suction. This is maintained with 

the thumb, and the needle is moved through the tumour three or four times in different 

directions. Still with the needle in the tumour, suction is slowly released. The needle is 

then removed from the tumour and the syringe from the needle. The syringe is then 

filled with a little air, reconnected to the needle, and the contents of the needle blown on 

to one or more clean dry slides, which are rapidly air dried
3
. 

The aspirator should have a writing surface and a microscope available to record the 

macroscopic findings and check the adequacy of the aspirated material whilst the 

patient is still present in the clinic
4
. 

 

The needle is passed into the lesion and multiple fast jabbing movements in and out of 

the lesion as well as in different directions are performed. Once the material is seen in 

the hub of the needle, there is usually sufficient material. Several passes may be 

performed safely, although the average number of passes may vary according to the 

experience of the aspirator and the nature of the lesion.
4
 

Image-guided FNAC is particularly advantageous in cases of small, non-palpable or 

multiple lesions. In the case of the thyroid, some centres advocate the use of image-

guided FNAC. Karstrup et al. report ultrasound-guided FNAC of the thyroid to be 

superior to both ultrasound-guided core biopsy (CB) and the combination of ultrasound 

guided FNAC and CB.
4
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STAINING PROCEDURES 

A. Hemotoxyline and eosin staining on cytology slides
5 

Begin with step 1 for paraffin sections and step 8 for smears. 

1. Xylol 5 minutes 

2. Xylol 5 minutes 

3. Absolute ethyl alcohol 15 dips 

4. Absolute ethyl alcohol 25 dips 

5. 95% Ethyl alcohol 15 dips 

6. 80% Ethyl alcohol 15 dips 

7. 70% Ethyl alcohol 15 dips 

8. Wash in distilled water 15 dips 

9. Harris's hematoxylin (modified—2 minutes or according to preference) 

10. Wash in running tap water until excess stain is removed (approximately 1 minute) 

11. Acid alcohol (1.5 ml of concentrated HCl in 650 ml of 70% ethyl alcohol)—two to 

three dips or until specimen is red in color 

12. Wash in running tap water 30 seconds 

13. Lithium carbonate solution (1.5 ml saturated lithium carbonate 

solution, 650 ml of 70% ethyl alcohol 1 minute 

14. Wash in tap water 15 dips 
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15. 50% Ethyl alcohol 15 dips 

16. Eosin 

approximately 20 

seconds 

17. Wash in running tap water until excess stain is removed (approximately 1 minute) 

18. 95% Ethyl alcohol 15 dips 

19. 95% Ethyl alcohol 15 dips 

20. Absolute ethyl alcohol 15 dips 

21. Absolute ethyl alcohol 1 minute 

22. Xylol 15 dips 

23. Xylol 15 dips 

24. Xylol 5 to 10 minutes 

25. Mount 

 

B. Giemsa stain
5
 

1. Wash in distilled water 15 dips 

2. Giemsa working stain 2 hours 

3. 1% Acetic acid 1 quick dip 

4. Blot slide with bibulous paper 

5. 100% ethyl alcohol—until there is only a slight bluish tint to the alcohol that runs off 

the slide 
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6. Xylene 10 dips 

7. Xylene 10 dips 

8. Mount with permanent mounting medium 

C. Papanicolaou staining
6
 

Fixation: Fix smear according to standard procedure. For example, 95% alcohol or 

100% methanol. 

Procedure 1 (Standard Method): 

1. 95% Ethanol 15 minutes (fixation)Rinse in tap water 

2. Harris or Gill Hematoxylin 1-3 minutes (Time vary with selection of 

hematoxylin solution) 

3. Rinse in tap water or Scott's tap water 

4. 95% Ethanol 10 dips 

5. OG-6 stain for 1.5 minutes. 

6. 95% Ethanol 10 dips 

7. EA-50, or Modified EA-50, or EA-65 stain for 2.5 minutes. 

8. 95% Ethanol 10 dips, 2 changes 

9. 100% Ethanol 1 minute 

10. Clear in 2 changes of xylene, 2 minutes each 

11. Mount with permanent mounting medium   
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BETHESDA REPORTING SYSTEM
7 

The Bethesda System for Reporting Thyroid Cytopathology: Recommended 

Diagnostic Categories 

I. Nondiagnostic or Unsatisfactory 

Cyst fluid only 

Virtually acellular specimen 

Other (obscuring blood, clotting artifact, etc) 

II. Benign 

Consistent with a benign follicular nodule (includes adenomatoid nodule, colloid 

nodule, etc) 

Consistent with lymphocytic (Hashimoto) thyroiditis in the proper clinical context 

Consistent with granulomatous (subacute) thyroiditis 

Other 

III. Atypia of Undetermined Significance or Follicular Lesion of Undetermined 

Significance 

IV. Follicular Neoplasm or Suspicious for a Follicular Neoplasm 

Specify if Hürthle cell (oncocytic) type 

V. Suspicious for Malignancy 

Suspicious for papillary carcinoma 
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Suspicious for medullary carcinoma 

Suspicious for metastatic carcinoma 

Suspicious for lymphoma 

Other 

VI. Malignant 

Papillary thyroid carcinoma 

Poorly differentiated carcinoma 

Medullary thyroid carcinoma 

Undifferentiated (anaplastic) carcinoma 

Squamous cell carcinoma 

Carcinoma with mixed features (specify) 

Metastatic carcinoma 

Non-Hodgkin lymphoma 

Other 
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THYROID GROSSING
8 

Specimen Type: THYROIDECTOMY (hemi/total) 

Weigh (fresh), orient, and measure 

Examine for defects on surface and Comment on presence/absence of skeletalmuscle 

Ink: anterior blue, posterior black, orange isthmic margin 

Check clinical record for location of suspected lesions(imaging/FNA) 

Draw diagram with locations and sizes 

Serially section from superior to inferior (keeping order in case you need to return to 

case and nodule/region) 

Identify other structures (lymph nodes, pyramidal lobeetc) 

Describe cut surfaces 

Size (staging size cutoffs: 1 cm, 2 cm, 4cm) 

Number, location, characteristics (color, consistency, hemorrhage, necrosis, fibrosis, 

calks) of nodules 

Encapsulation of nodules 

Distance to margins 

Remaining parenchyma 

Indicate in which cassettes the nodules are located, Cassette Submission:4-7 cassettes 
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IMMUNOHISTOCHEMISTRY PROCEDURE.
9 

FFPE tissue specimens is cut in 3-μm-thick sections on charged slides 

Deparaffinization and rehydration carried out by routine treatment{xylene for 4×5 

minutes in graded ethanol for 2×3 minutes (99.9%), 4×3 minutes (96%), and 5 min 

(70%) }.  

Endogenous peroxidase activity is blocked by 0.5% hydrogen peroxide in methanol x 

10min.  

Rinse in the TBS buffer (pH 7.6, Trisbuffered saline, THAM-HCl 50 mmol/L, NaCl 

150 mmol/L) for 5 minutes 

The slides were subjected to heat-induced antigen retrieval (HIER) treatment in a 

domestic microwave oven for 3×5 minutes at maximum power in basic buffer 

The slides are allowed to cool at room temperature for 20 minutes in the HIER buffer.  

Rinse with TBS buffer for 5 minutes 

Incubate with primary antibodies at room temperature for 60 minutes.  

Unbound primary antibodies later removed by repeated rinses with TBS buffer for 2×5 

minutes.  

The slides are incubated in a humid chamber for 30 minutes with EnVision+ with 

following rinses in TBS for 2×5 minutes 

The slides are then rinsed in water and counterstained with hematoxylin for 3 minutes. 

After color development in tap water for 5 minutes, the slides are cover-slipped using 

an aqueous mounting medium paramount.  
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The slides of positive and negative control were included in each run
9
. 

The staining intensity was graded as negative (0), weakly positive (1), moderately 

positive 

(2),or positive (3). 

Control slides  

Galectin 3: Endothelial cells - nuclear and cytoplasmic staining  

HBME 1: Mesothelial cell- membranous staining  

RET PROTO-ONCOGENE MUTATION STUDY.
10 

DNA extraction and molecular genetic analyses 

Paraffin blocks of prophylactic thyroidectomy specimens were retrieved and 7micron 

thin sections taken and total genomic DNA was extracted. Following DNA extraction, 

the RET exons 10, 11, 13, 14, and 15 were amplified by polymerase chain reaction 

(PCR). The PCR products were purified with Thermo Scientific ExoI-FastAPmixture  

and the final volume of sequencing mixture. After the PCR sequencing, the products 

were precipitated with sodium acetate/ethanol procedure and sequenced by Sanger‘s 

sequencing method. 
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Photograph 

 

Figure8:  Courtesy: Photograph from department of Blood bank, Dept. of Biochemistry 

and Internet www.fnacimage .com

 

Figure 9: Dept. of Pathology 
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RESULTS  

AGE AND SEX DISTRIBUTION  

Total of 165 thyroid nodules (cases) were studied and observed females preponderance 

with 81% and male 19%. Thyroid lesions have wide age distribution from 10year to 

75years in our study. Commonest age group affected was 3
rd

 and 4
th

 decade. Youngest 

patient was 12yrs old and oldest 72years. 

 

  

Figure 10: Pie Chart showing Sex distribution. 

Table 11: Age Distribution  

Sex/age  10-20 21-30 31-40 41-50 51-60 61-70 >70 Total  

Female  15 45 33 15 18 6 2 134 

Male  3 6 11 6 2 3 - 31 

 

  

 

 

81 % FEMALES %,  
19 % MALES  

gender 
distribution   
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SERUM BIOMARKERS: THYROID HORMONES AND AUTO-ANTIBODIES  

Serum biomarkers of thyroid function, which are Free T3, Free T4 and thyroid 

stimulating hormone (TSH), were with in normal range of all individuals. Anti 

thyroperoxidase (Anti TPO) and anti-thyroglobulin (Anti-TG) levels were significantly 

raised in autoimmune thyroiditis and in few cases of papillary carcinoma. 

Normal values of serum biomarkers are TSH = 0.4-4.0 mu IU/ ml, FT3= 3.5-7.8 pmol/L 

FT4= 9 – 25 pmol/L, Anti TG =<20 IU/ml and   Anti TPO=< 35 IU/ml. 

In present study, Mean and SD was calculated for all serum markers and observed that 

thyroid hormones were within normal range. 

Table 12: Serum Biomarkers: thyroid hormones and antibodies level non-neoplastic 

thyroid lesions  

Thyroid lesion  TSH  

0.4-4.0  

muIU/ml 

FT3 

3.5-7.8 

pmol/L  

FT4 

9 – 25 

pmol/L  

Anti TG 

<20  

IU/ml  

Anti TPO 

< 35 

IU/ml  

Goitre 

(colloid/nodular/toxi

c )  

1.62±0.76  3.02±042  1.22±0.2

4  

16.63±3.4

2  

35.2±3.23  

Lymphocytic 

thyroiditis  

20.66±4.0

5  

1.42±0.3

7  

0.53±0.1

6  

43.25±7.4

6  

63.26±5.9

6  

Granulomatous 

thyroiditis  

2.22±0.43  6.24±1.5

6  

19.45±6.

5  

26±3.50  35.2±2.50  

Graves‘ disease  0.02±0.01  13.3±3.6

9  

30±4.79  34.85±6.7

6  

42.28±5.9

2  
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Table 13: Serum Biomarkers: thyroid hormones and antibodies level neoplastic thyroid 

lesions  

Thyroid lesion  TSH  

0.4-4.0  

muIU/ml 

FT3 

3.5-7.8 

pmol/L  

FT4 

9 – 25 

pmol/L  

Anti TG 

<20  IU/ml  

Anti TPO 

< 35 IU/ml  

Follicular 

neoplasm; 

 Follicular adenoma  

 Follicular 

carcinoma  

0.83±0.16  4±1.73  11.3±1.67  12.6±3.77  25±0.04  

2±0.03  3.9±-0.1  20±0.02  12±1.41  17.5±2.42 

Papillary carcinoma  2.1 ± 0.54  4.65±1.16  13.8±4.16  30.5±14.53  33.3±17.93  

Medullary 

carcinoma  

0.9±0.03  4±0.56  13±3.2  20±0.9  39±1.2  

 

Table 14: Significance of Autoantibodies 

Thyroid lesion  Anti TG  Anti TPO  

Goitre (colloid/nodular/toxic )  0.61  0.12  

Lymphocytic thyroiditis  0.05  0.002  

Granulomatous thyroiditis  0.06  0.001  

Graves‘ disease  0.015  0.025  

Follicular neoplasm 0.215  0.071  
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Papillary carcinoma  0.02  0.04  

 

Anti TPO and anti TG were statistical significant in chronic thyroiditis which includes  

 Lymphocytic thyroiditis (Anti TG= 43.25 ± 7.46 and Anti TPO=63.26 ± 5.96),  

 Granulomatous thyroiditis(Anti TG=26±3.50 and Anti TPO =35.2±2.50) and  

 Graves‘ disease (Anti TG=34.85±6.76 and Anti TPO =42.28±5.92) and  

 Neoplastic lesions these autoantibodies were significant raised in papillary 

carcinoma (Anti TG= 30.5±14.53 and Anti TPO=33.3±17.93). 
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FINE NEEDLE ASPIRATION CYTOLOGY: 

All 165 cases were subjected for Fine Needle aspiration cytology and diagnoses were 

categorized according to The Bethesda System for Reporting Thyroid Cytopathology 

(TBSRTC). We observed 83cases (51%) were benign cases (Bethesda category II ), 9% 

cases were frank malignant (Bethesda Category VI), 9.7% cases were follicular 

neoplasm  (Bethesda category IV) and 30.3% cases were falling in grey area which is  

Bethesda category V, IVand category III.  

 

Table 15:The Bethesda Reporting system of Thyroid Cytology (TBSRTC) 

Bethesda 

system  

 No of cases  

I  Acellular/ only fluid/ blood  24  

II  Adenomatoid nodule/ nodular 

goitre/thyroiditis 

83   

 

 

 

Total 

165 

cases  

III  AUS/FUS  32  

IV  Follicular neoplasm  16  

V  Suspicious for papillary ca, medullary 

ca, anaplastic ca, lymphoma & other 

rare tumors 

09  

VI  Confirms malignancy  15  
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HISTOPATHOLOGY AND CYTOPATHOLOGY CORRELATION: 

Histopathological diagnosis was correlated in 71 cases.  

Table 16: Histopathology Diagnosis  

Thyroid lesion  Histopathology cases  

Goitre (colloid/nodular/toxic )  21  

Lymphocytic thyroiditis  11  

Granulomatous thyroiditis  3  

Graves‘ disease  2  

Follicular neoplasm; 

        Follicular adenoma  

       Follicular carcinoma  

10 

4  

Papillary carcinoma  

Medullary carcinoma  

Metastatic carcinoma  

Mucoepidermoid carcinoma  

15  

2  

2  

1  

TOTAL  71 CASES  

Seventy one cases (71 cases) had histopathological correlation. Commonest 

histopathological diagnosis was colloid goitre (21cases), 16 cases showed chronic 

thyroiditis (Lymphocytic thyroiditis 11 cases, Granulomatous thyroiditis 3csaes and 

Graves‘ disease 2 cases), 10 cases of follicular adenoma and 24 cases were thyroid 

malignancy. Papillary carcinoma was commonest malignancy with 15 cases, 4 cases of 

follicular carcinoma, 2 cases of medullary carcinoma and 2 cases of metastatic 
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carcinoma and both were squamous cell carcinoma deposits. One rare case of 

mucoepidermoid case was diagnosed. 

Table 17: Histopathology and Cytopathology Correlation of cases. 

Bethesda 

system  

Includes  Cytology 

cases  

HPR 

correlation 

Cases   

Final diagnosis  

II  Benign  83  24  Goitre 

(colloid/nodular/toxic ) 

Lymphocytic thyroiditis 

Granulomatous disease  

Graves‘ disease 

Adenomatoid nodule  

III  Atypia of unknown 

significance (AUS)  

32  13  

IV  Follicular 

neoplasm/suspicion 

for follicular 

neoplasm  

16  14  Follicular neoplasm; 

        Follicular adenoma  

       Follicular carcinoma  

V  Suspicious for 

other malignancy  

09  20  Papillary carcinoma  

Medullary carcinoma  

Metastatic carcinoma  

Mucoepidermoid 

carcinoma  

 

VI  Malignancy  15  

Total  -  165  71  -  
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IMMUNOHISTOCHEMISTRY PROFILE  

Resected thyroid specimens with morphological challenges having overlapping features 

of benign and malignancies which were difficult to render definitive diagnosis on H&E 

slide were subjected immunohistochemistry. HBME1 and galectin 3 immune 

expressions was studied. Gal-3 expression in thyroid papillary neoplasms was found to 

have a sensitivity of 86.67%, specificity of 85%, and positive predictive value of 

89.66% and negative predictive value of 80.95%.  HBME expression had sensitivity of 

84.62%, specificity of 79%, positive predictive value 81.32% and negative predictive 

value 69.23%. Gal-3 immune marker is more specific for papillary lesions. 

 

Table 18: Immune marker expression in different lesions. 

 

HPR diagnosis  

No of cases  HMBE 1  Galectin 3  

Papillary  

carcinoma  

15  Positive  Positive (15case)  

MNG with papillary 

like features  

12  Negative  Positive (1case)  

Lymphocytic 

thyroiditis  

2  Negative  Negative  

Graves‘ disease  1  Negative  Positive  

Follicular 

carcinoma  

3   positive  Negative  
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Table 19: Gal-3 expression in thyroid neoplasms  

sensitivity  86.67%  

specificity  85%  

positive predictive value  89.66%  

negative predictive value  80.95%.  

 

Table 22:HBME 1 expression in thyroid lesions.  

sensitivity  84.62%  

specificity  79%  

positive predictive value  81.32%  

negative predictive value  69.23%.  
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Ret oncogene mutation 

Fourteen prophylactic thyroidectomy cases done in family with history of medullary 

carcinoma were studied for morphological changes and ret proto-oncogene mutations. 

We observed that C-cell hyperplasia (CCH) was noted in 13cases and 9 cases also 

showed micro medullary carcinoma of thyroid (MMTC). Commonest exon mutated 

was at 634(85.7%) with C634R (50%), C634W (21.4%), C634Y (14.3%), and 

609(14.3%) mutations. 75% of the exon 634 mutations had C Cell Hyperplasia 

association thyroid. This observation was statistically significant (p = 0.036).  

 

 

Figure11: showing exon mutation  
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                                    Figure12: Goitre (40x H&E stain ) 

 

    Figure 13 :Hashimotos thyroiditis  (10x leishman stain  ) 



109 
 

                     Figure14:Granulomatous thyroiditis10x leishman stain

 

Figure15: Graves‘disease 40xleishman stain  
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Figure16 :Follicular neoplasm 40x H&E stain  

 

Figure17: Medullary carcinoma 40x H&E stain 
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Figure18 :Papillary carcinoma10x leish 

 

Figure19 :Papillary carcinoma40x leishman stain  
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Figure20:10x H&E stain Follicular adenoma  

 

   Figure21:10x H&E stain Follicular carcinoma with capsular invasion 
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Figure 22: 10x H&E stain Pap Ca 

 

Figure 23: 40x H&E stain Pap Ca 
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    Figure 24:  10x IHC HBME-

 

Figure 25: 10x IHC GALECTIN 3 cytoplasmic and nuclear staining 
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AGE AND SEX DISTRIBUTION  

In present study we had 165 thyroid lesion subjects with thyroid lesions and we 

observed female preponderance  81% in comparison to the study done by Karimi F et al 

in their cross-sectional study, 655 out of 981 participants (66.8%) were female and 326 

out of 981 participants (33.2%) were male. The mean age of the study subjects was 

39.13 ± 14.36 years and the mean TSH concentration was 3.02 ± 5.98 mIU/L (95% CI: 

2.62 to 3.41) 
1
.  Studies done by Weimin Xu et aland Howrah et al also observed 

female predominance in their studies
1,2 

 .  

Knudsen et al. observed 2 to 10 fold increased incidence of goiter in females though he 

noted that thyroid volume was larger in men than in women 
3
. And thus an association 

between thyroid volume and gender was reported in literature. Studies have shown that 

gender-related differences became evident only after puberty, suggesting that sex 

hormones may play a role in thyroid volume
4
. Also there are studies in literature which 

have attempted to show an association between thyroid volume and parity statusand 

suggested that pregnancy increases thyroid volume, particularly when combined with 

tobacco smoking and iodine deficiency 
5,6

. 

 

Causes for the higher incidence of thyroid nodules in women are unclear. Sex hormones 

like estrogen and progesterone play major role in female preponderance in thyroid 

nodular lesions and this was also observed by Kung et al. and he reported that 

pregnancy was associated with new thyroid nodule formation and an increase in size of 

preexisting thyroid nodules
7
.  

 

Female gender inclination is not only restricted to goiter but also the incidence of 

autoimmune thyroid diseases in noted more commonly in females. Main factorsinclude 
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hormonal factors, since estrogens and prolactin are immune stimulants while androgens 

are immune suppressors
8
. Genetic factors also play a role in autoimmune disorders and 

they include  

a.  Skewed X chromosome inactivation, a potentialmechanism whereby X-linked 

self-antigens may escape presentation in the thymus or peripheral sites that are 

involved in tolerance induction. 

b.  X monopsony: through the generation of autoreactive T cells that are not 

exposed to self-antigens encoded by one of the two X chromosomes, and  

Klinefelter‘s syndrome: incidence of autoimmune disorders  is higher in XXY 

males 

c.  Non-inherited maternal antigens (NIMAs) acting as modulators of the immune 

repertoire. 

d.  Microchimerism  

 

Circulating immune complexes are seen in various thyroid diseases which 

includeGraves' disease, Hashimoto's thyroiditis, Spontaneous myxedema, asymptomatic 

thyroiditis, Goitre with thyroiditis, diffuse goitre, Nodular goitre, Cold nodule and hot 

nodule
7,9

.  

Autoimmune thyroiditis is defined as an inflammatory state of the thyroid gland 

characterized by intrathyroid lymphocytic infiltration, ultrasonographic signs of 

inflammation, and antibodies to thyroglobulin, thyroid peroxidase (TPO) or both. The 

generic term autoimmune thyroiditis encompasses Hashimoto thyroiditis (the most 

frequently encountered form), Graves‘ disease and some rare variants, such as painless 

sporadic thyroiditis, postpartum thyroiditis, drug induced thyroiditis and thyroiditis that 

accompanied polyglandular autoimmune syndromes
10

. 
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SERUM HORMONES AND AUTOANTIBODIES. 

 

Cahoon KE  et al had population based cohort study  which measured serum Tg, 

urinary iodine, TSH, anti-thyroglobulin, anti- thyroid peroxidase levels and Ultrasound 

to assess the presence of nodules and estimate thyroid volume and concluded that serum 

Tg is significantly related to presence of thyroid abnormalities as well as indicators of 

thyroid function and iodine deficiency and, therefore, could be used to characterize the 

iodine status and thyroid function of individuals in the context of epidemiological 

study
10

.  

In spite of iodine sufficient belt the incidence of thyroid diseases are increasing, with 

the literature supporting with the autoimmune cause. In present study the antibodies 

levels were raised in autoimmune thyroid disease and, levels were also high in papillary 

carcinoma and medullary carcinoma suggesting they could play role in 

etiopathogenesis.Similar findings were also observed by Young Ah Cho et al in 

―Biomarkers of thyroid function and autoimmunity for predicting high-risk groups of 

thyroid cancer: a nested case–control study‖
11 

.Eun Sook Kim et al, reported that TGAb 

was associated with an increased risk of thyroid cancer in thyroid nodules
12

. 

Variousprevious studies show such an analogous association between raised 

autoantibodies specific to thyroid organ and thyroid malignancies.  

Anti Thyroperoxidase:Anti TPO 

Autoimmune thyroid diseases which largely include Grave‘s disease, Hashimoto‘s 

thyroiditis or post-partum thyroiditis have risen anti TPO levels in serum. Thus TPOAb 

measurement may be used as a prognostic indicator for thyroid dysfunction. The 

paradoxical absence of TPOAb in some patients with unequivocal TSH abnormalities 

likely reflects the suboptimal sensitivity and/ or specificity of current TPOAb tests or 
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non-autoimmune thyroid failure (atrophic thyroiditis). Variability in autoantibody 

concentrations usually reflectschange in disease activity. The enhanced sensitivity and 

specificity of the TPO immunoassay methods make them a more cost-effective method 

in routine diagnosis of autoimmune thyroid disorders
11

. 

 

Antibodies against Thyroglobulin: Anti TG 

Anti TG is also seen raised along with anti TPO in autoimmune diseases of thyroid. 

Current guideline suggests that anti TG should be tested prior to thyroglubin levels in 

highly suspected cases of autoimmune thyroiditis. High sensitive immunoassay should 

be used to pre-screen the individual‘s serum for antiTG levels. TgAb is primarily used 

as an adjunct test for serum TG estimation
12

. 

 

TSH receptor autoantibodies (TRAb) 

Antibodies against TSH receptor are formed not only in autoimmune thyroiditis but also 

observed in hyperthyroidism, neonatal thyroid dysfunction where the maternal 

antibodies have crossed the placenta. 

The TRAb levels are also used for monitoring the progress of course of Grave‘s disease 

in patients with anti-thyroid drugs.  

Clinical manifestations of thyroid disorders are diverse hence the clinician should be 

extremely vigilant and should evaluate the case with various laboratory investigations 

which not only includes hormone assay but also various autoantibodies level in serum 

for  appropriate management and monitoring of the disease.  

The enhanced sensitivity and specificity of TSH assays have greatly improved the 

assessment of thyroid function tests. TSH levels dynamically alter based on circulating 

T3 and T4 levels. 



121 
 

In functional abnormalities of thyroid like hypothyroidism assessing free T4 is better 

than total T3 and and free T3. In cases of hyperthyroidism combined levels of free T4 

and free T3 levels gives appropriate assessment of disease. Also these levels help in 

identifying selective T3-toxicosis where only free T3 levels are raised. Also along with 

these hormone assay antibodies level assessment helps in confirmation of disease.
11,12

. 

Prevalence of the thyroid autoantibody positivity is relatively high worldwide. It is 

well-known that in iodine-sufficient areas there is a higher rate of AT prevalence than 

in iodine-deficient ones
13

. Iodine intake is probably one of the most important factors 

that affects thyroid autoimmunity and the incidence of AT. In a random sample of 

general, euthyroidpopulation living in Holland (n = 2703) the prevalence of the 

TPOAbs positive cases was 8.4%.In Denmark among 4649 randomly selected subjects 

between 18 and 65 years of age 13.1% were TPOAbs positive and 18.1% had increased 

concentrations of either TPO or TG autoantibodies
14 

.In the United States, TPOAbs 

were positive in 11.3% and TGAbs in 10.4% in a population sample of 13,344 subjects. 

In Japan among 1818 adults 31.4% of women and 17.7% of men were positive for 

TgAbs or TPOAbs.In another study from the same country presence of TPOAbs or 

TGAbs was reported in 12.8% of the studied cases
15

.A very similar number (12.4% 

TPOAb positivity) was noted also by Australian authors
16

.In India TPOAbs were 

detected in more than 13% subjects from a group of 4409 adults and 22% from a 

sample of 5376 adults
15,16,1718

. 

Similar research carried out by Sir Xu W et al over 1000 adults residing in coastal area 

of China observed strong association of raised autoantibodiesi.e. Anti TPO and anti TG 

of thyroid in various thyroid nodules. And also he noticed females were more affected 

than males
19, 20

. This kind of similar observation we had in present study. TPO Ab 

levels vary based on severity of lymphocytic thyroiditis and this indicates the role of 
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antibody dependent cell mediated cytotoxicity as pathogenetic pathway in structural 

abnormality and lymphocyte infiltration
21, 22

. 

Boelaert K. et al. reported that TPOAb and TGAb are most important antibodies to 

assess the risk of thyroid nodules. In his research he analysed all cases with ultrasound 

findings, clinical assessment and antibody measurements and the author states that 

TPOAb is dependently associated with thyroid diseases
19

. Generally, TPOAbs are 

present in 12–26% of euthyroid subjects, more often in women
23 

. 

 

The association between TSH levels and thyroid malignancies has been studied since 

decades and studies show that there is strong association between raised TSH levels and 

cancer and thus playing a key role in thyroid carcinogenesis
24

.  Recently prevalence of 

thyroid cancer in individuals with autoimmune thyroiditis has increased suggesting the 

role of autoimmunity in thyroid carcinogenesis and increased risk. Literature shows 

studies with association between raised antibodies, autoimmune thyroiditis and later 

developed thyroid cancer, like author Kim et al found an elevated risk of papillary 

carcinoma in Korean patients with hashimotos thyroiditis who also had raised TPOAb 

levels
25,26

.  

Also systemic autoimmune disease carries increased risk of developing thyroid cancer 

and a study done by Antonelli et al reported the higher prevalence of papillary thyroid 

cancer in systemic lupus erythematosus patients, particularly in patients with thyroid 

autoimmunity
27,28

.  We also observed that the presence of TPOAb may affect the 

association between hormone levels and the risk of thyroid cancer, as we noticed raised 

TPOAb and TGAb in papillary carcinoma.  
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CYTOLOGICAL DIAGNOSIS  

In present study, cytological diagnosis of all cases was categorized according to the 

Bethesda system of reporting thyroid cytopathology (TBSRTC) thus signifying its 

importance for surgical management of thyroid nodules. All 165 cases were subjected 

for Fine Needle aspiration cytology and diagnoses were categorized according to The 

Bethesda System for Reporting Thyroid Cytopathology (TBSRTC). We observed 

83cases (51%) were benign cases (Bethesda category II ), 9% cases were frank 

malignant (Bethesda Category VI), 9.7% cases were follicular neoplasm  (Bethesda 

category IV) and 30.3% cases were falling in grey area which is  Bethesda category 

V, IVand category III.  

Author Mondal et al studied 1000 above cases of thyroid nodules in three year study 

period. FNAC was performed and the cytological diagnosis was rendered using the 

Behesda system and the results were 6.8% categorized as non-diagnostic, 83% as 

benign lesions of thyroid, 0.9% cases as follicular lesions of undetermined significance 

(FLUS), 4.1% cases of suspicious for follicular neoplasm, 1.4% cases as suspicious for 

malignancies and 3.8% cases were diagnosed as malignant lesions. 31.66% of his study 

cases had histopathological correlation and he noticed 68.7% cases were benign lesions 

on histopathology and 22.29% cases as malignant
29

.  

Study done by Zarif, et al demonstrates higher risks of malignancy in diagnostic 

categories(DC) I, DC II,DC III and DC IV than that of the original TBSRTC definition, 

along with a higher specificity and positive predictive value for cancer diagnosis, and a 

lower sensitivity and negative predictive value
30

.  

Similar study done by SafaAlshaikh et al titled ‗Classification of thyroid fine-needle 

aspiration cytology into Bethesda categories: An institutional experience and review of 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Alshaikh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29531571
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the literature‘ where a total of 632 patients underwent 681 FNAs during the study 

period. The incidence of each Bethesda category is summarized in Briefly, 69 (10.1%) 

were Category I/Bethesda I (nondiagnostic), 469 (68.8%) were Category II/Bethesda II 

(benign), 85 (12.4%) were Category III/Bethesda III (AUS), 20 (2.9%) were Category 

IV/Bethesda IV (SFN, 18 (2.6%) were Category V/Bethesda V (suspicious for 

malignancy), and 28 (4.1%) were Category VI/Bethesda VI (malignant)
31

.  Various 

studies have been done to study the effect of implementation of the Bethesda system of 

reporting as shown in table 21. 

Table 21:TBSRTC in present study and other studies comparison. 

Diagnostic 

category  

Present 

study  

Jo et al Yassaet al Yang et al Nayar and 

Ivanovicet 

al 

Non 

diagnostic  

1.2 18.6 7 10.4 5 

Benign 87.5 59.0 66 64.6 64 

AFLUS 1 3.4 4 3.2 18 

SFN 4.2 9.7 9 11.6 6 

SM 1.4 2.3 9 2.6 2 

Malignancy  4.7 7.0 5 7.6 5 

Numerical in percentage  
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HISTOPATHOLOGY AND CYTOPATHOLOGY CORRELATION: 

In present study Seventy one cases (71 cases) had histopathological correlation. 

Commonest histopathological diagnosis was colloid goitre (21cases), 16 cases showed 

chronic thyroiditis (Lymphocytic thyroiditis 11 cases, Granulomatous thyroiditis 3csaes 

and Graves‘ disease 2 cases), 10 cases of follicular adenoma and 24 cases were thyroid 

malignancy. Papillary carcinoma was commonest malignancy with 15 cases, 4 cases of 

follicular carcinoma, 2 cases of medullary carcinoma and 2 cases of metastatic 

carcinoma and both were squamous cell carcinoma deposits. One rare case of 

mucoepidermoid carcinoma was diagnosed. 

 

Study done my Mondal et al, out of 1020 cases, 323 cases was available for follow‑up 

histopathology. Out of these 323 cases, 3 cases had original FNA diagnoses as 

non‑diagnostic, 222 cases as benign, 5 cases as AFLUS, 36 cases as SFN, 12 cases as 

SM, and 45 cases as malignant. We compared the original FNA diagnoses of these 323 

cases with the diagnoses obtained on HPE and calculated the malignancy risk for each 

category
29 

. 

Elaborative study done by SafaAlshaikh and coauthors observed that out of 681 thyroid 

nodules from 632 patients which underwent FNAC, surgery was done for 126 (18.5%) 

nodules for 119 patients, all of whom had histopathology available for review. This 

comprised 16/69 (23.1%) Category I cases, 60/469 (12.7%) Category II cases, 25/85 

(29.4%) Category III cases, 9/20 (45%) Category IV cases, 11/18 (61.1%) Category V 

cases, and 12/28 (42.8%) Category VI cases Of the 126 nodules with histopathology 

follow-up, carcinoma was identified in 35 cases yielding an overall rate of malignancy 

of 27.8% (35/126 nodules and 34/119 patients). There were 15 Bethesda I nodules 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Alshaikh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29531571
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(nondiagnosis) with follow-up histopathology. Of these, malignancy was found in only 

one case, which was a papillary thyroid microcarcinoma (6.67%, 1/15). The rest were 

all benign thyroid lesions which also included one case ofHurthle cell neoplasm and 

one case of follicular adenoma 
29 

. 

Of the 60 nodules diagnosed as Bethesda II (benign) on preoperative FNAC, nine 

nodules found to be malignant, yielding a malignancy rate of 15% (9/60) for those 

undergoing surgery, which represented around 2% of the total number of Category II 

nodules. Of the 85 nodules diagnosed as Bethesda III (AUS/FLUS), 25 were followed 

up with surgery and malignancy identified in 7 cases (all were papillary thyroid 

carcinomas) with an estimated risk of malignancy of 28%.There were 20 Bethesda IV 

nodules (Follicular neoplasm/SFN), with follow-up histopathology available in 9 cases 

and malignancy identified in 2 cases only (22% of those undergoing surgery, and 10% 

of the entire cohort), one of which turn out to be a poorly differentiated carcinoma. Of 

the remaining cases, there were one Hurthle cell neoplasm, two follicular adenomas, 

and four adenomatoid nodules in multinodulargoiter. There were 18 Bethesda V 

nodules (suspicious for malignancy), of which 11 underwent surgery and 8 (72.7%) 

were confirmed to be carcinoma, all are papillary carcinomas including three cases with 

follicular variant papillary carcinomas. There were 28 Bethesda VI nodules (malignant), 

of which 12 underwent surgery and all (100%) were confirmed to be carcinoma, all 

papillary carcinomas including one case of follicular variant papillary carcinoma
29

. 

As previously mentioned in cytological diagnosis discussion, study done by Mondal et 

al had correlated 31.66% cases with histopathologicaldiagnosis and observed that 

68.7% cases were benign lesions on histopathology and 22.29% cases as malignant
29

.  
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IMMUNE MARKER EXPRESSION IN THYROID NEOPLASM. 

Various immune markers represent different component of thyroid follicular cells. They 

could be membrane antigen, cytoplasmic protein or the nucleus protein. Hence many 

different antibodies against these proteins or substances have been studied since 

decades, to mention few important antibodies studied are galectin-3, Hector Battifora 

mesothelial cell antibody (HBME-1), cytokeratin-19, RET, TTF-1, hTERT, telomerase, 

p27 and p53.Galectin-3 and HMBE-1 are two markers which are extensively studied to 

understand their specificity and sensitivity
32

. 

 

Saleh HA et al studied immunohistochemical markers like  galectin-3, HBME-1, CK19 

and Ret oncoprotein to differentiate benign and thyroid nodules and concluded that 

immunomarkers are significantly more expressed in malignant tumours compared to 

benign lesions and may be of additional diagnostic value when combined with routine 

histology
33 

.  

Author Arcolia et al studied gal-3, HBME-1 and CK 19 immune marker expression in 

thyroid resected specimens and concluded that gal-3 is a useful immunohistochemical 

marker to discriminate malignant tumours from benign thyroid nodules and also, is a 

sensitive marker for the diagnosis of thyroid malignancy. Combination of gal-3 with 

CK19 and HBME-1 gives high specific result,for the  diagnosis of well-differentiated 

thyroid cancer
34,35 

.  

 

In the present research carried out, 48 resected thyroid specimens had diagnostic 

difficulty due to overlap of morphological features on H&E stains. These cases were 

subjected to immunohistochemistry where galectin-3 and HBME-1 were studied and 
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observed Gal-3 expression in thyroid papillary neoplasms was found to have a 

sensitivity of 86.67%, specificity of 85%, and positive predictive value of 89.66% and 

negative predictive value of 80.95%.  HBME expression had sensitivity of 84.62%, 

specificity of 79%, positive predictive value 81.32% and negative predictive value 

69.23%. Gal-3 immune marker is more specific for papillary lesions. This observation 

is with concordance with other studies mentioned. 

 

Zhang et al observed the potential of triple immunohistochemical staining to be used as 

an ancillary test to clarify cytological diagnoses of indeterminate thyroid nodules. He 

demonstrated the diagnostic value of dual positive/colocalization of Galectin-3 and 

HBME-1 for thyroid malignancy
36 

.similarly the present study highlights the importance 

of galectin 3 and HBME-1 immune markers in diagnosing thyroid malignancies. And 

thus the study concluded that cumulative approach including thyroid serum markers and 

tissue immune marker gives a complete diagnostic approach of thyroid lesions. Gal-3 is 

a promising marker in the diagnosis of papillary carcinoma and HBME-1 is useful 

marker for its expressions in thyroid carcinoma compared with benign neoplasms thus 

representing a promising target for therapy of thyroid cancers
37

. 
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RET PROTO-ONCOGENE  

The RET proto-oncogene encodes a receptor-type tyrosine kinase with an extracellular 

domain, a Trans membrane domain, and an intracellular tyrosine kinase domain. This 

was reviewed byItoh et al (1989)
38

.In the past 5 years, the general interest in studying 

the RET proto-oncogene has been growing exponentially.The RET proto-oncogene was 

identified as the susceptibility gene for multiple endocrine neoplasia type 2 (MEN 2), 

an inherited cancer syndrome characterized by medullary thyroid carcinoma (MTC), 

pheochromocytoma (Pheo), and parathyroid hyperplasia (PTH) 
39.

 

Status of RET proto-oncogene germline mutation can be used to distinguish between 

the sporadic and the hereditary MTC. Moreover, the knowledge about the precise RET 

mutations (genotype) may suggest a predilection toward a particular phenotype and 

clinical course. The results of RET proto-oncogene mutation analysis in MTC patients 

guides the physicians for surveillance including tumor marker measurement and 

management of pheochromocytoma and hyperparathyroidism. Also, knowledge of the 

RET mutations can guide the treating physicians for decisions regarding prophylactic 

thyroidectomy and intra-operative management of the parathyroid glands in the family 

members of the patients that are at risk for developing MTC.
27

Multifocality and 

bilaterality of the CCH was commonly associated with prophylactic than index cases in 

our study. This is in agreement with previous studies on prophylactic 

thyroidectomies
38,39

.  

We found codon 634 as the most common mutated codon of RET proto-oncogene in 

our study. Most common codon mutated in this group was 634(12 out of 14 cases), 

which is in agreement with the literature
40 

.We found that C634R mutation was the most 

common (7/14 cases), and most aggressive form as it was associated with majority of 

the cases of MMTC; and single case of MTC with LN metastases in our study. This is 
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in agreement with other limited previous studies  done by Frank-Raue K et al (2006) 

and Alvandi E et al (2011)
41 

. 

 

Table 22 : comparison   of  634 exon mutation of ret proto-oncogene in other studies. 

 Rita Abi-Raad et al  DemetEtit et al  Our study  

No.of prophylactic 

cases studied  

22  42  14  

CCH 9(41%)  26(62%)  9(64.3%)  

634 exon mutation  80% 76.6% cases 85.7% cases  
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SUMMARY 

 

 

Total 165 cases were studied under this study period and observed that Anti TG and 

Anti TPO antibodies are markedly elevated in autoimmune thyroiditis and also 

raised in papillary carcinoma. 

On Fine needle Aspiration study, total of 51%cases were benign and 20%cases were 

neoplastic lesions and 29% cases were falling under grey zone for which further 

evaluation were required. 

Among these 165 cases, 71cases had histo-pathological correlation and found that 

47 cases were noneoplastic and benign lesions combined and 24 cases were 

malignant lesions.  

48 cases where histopathological diagnosis was difficult, those cases were subjected 

for IHC HBME1 and Galectin 3and noticed that HBME 1 is very sensitive for 

malignancies and Galectin 3 is very specific for papillary carcinoma of thyroid. 

Study done for  ret oncogene gene mutation in prophylactic cases observed 

commonest mutation in exon C634R and these thyroid tissue were also showing C 

cell hyperplasia on histopathology slides.   
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CONCLUSION  

• Anti TPO is significantly raised in chronic thyroiditis and papillary carcinoma  

• The Bethesda system of Reporting Thyroid Cytology (TBSRTC) is strongly 

recommended for thyroid cytopathology    

• HBME 1 and Galectin 3 –are  important immune marker for diagnosing 

malignancies  

• Genetic analysis is recommended in high risk population 

 

GRAPHICAL ABSTRACT  

 

Increased incidence of autoimmune/chronic thyroiditis 

 

Anti TPO is significantly raised 

 

Carries high risk for papillary carcinoma 

 

Hence follow up required 

 

Prophylactic thyroidectomy recommended in high risk cases 

 

Immune marker HBME1 and Galectin 3 remain most reliable immune markers for 

confirmation of malignancy   
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ret oncogene genetic analysis recommended in individuals with familial medullary 

carcinoma  

FUTURE DIRECTIONS AND LIMITATIONS 

Limitations:  

 Sample size is less  

 Follow up serum biomarkers levels were not done due to loss of follow 

up ofcases  

 Genetic analysis was not done in all cases due to financial constrain.  

Future directions: 

 Similar studies can be encouraged in large population as cohort study  

 Follow up cases with complete molecular study of each case can be done 

and thus  predictive and prognostic markers can beidentified and 

evaluated.  
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PERFORMA FOR COLLECTION OF SAMPLE 

 

Case No:         Date : 

Investigator  :     

TOPIC :Sensitivity and Specificity of Differential Diagnostic Biomarkers in Thyroid 

Diseases: From Circulating Chemistry to Molecular Cytogenetics. 

Particulars of the patient : 

Name :     Hospital :  

Age :     O.P.D/I.P No. : 

Address       

Occupation      

Presenting complaints and duration : 

Past history : 

Family history : 

Personal history : 

Obstetric  history: 

General physical examination : 

Systemic examination : 

Clinical diagnosis : 
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Investigation : 

Biochemical analysis  

T3 

T4 

TSH 

Thyroglobulin 

Antithyroglubulin antibody  

Anti thyroperoxidase antibody  

HISTOPATHOLGICAL STUDY : 

1. Nature of the specimen  

2. Gross  

3. Microscopy  

Impression : 

 

Other investigation: IHC  

HMBE -1 : positivity/negativity/intensity  

E-cadherin : positivity/negativity/intensity 

FINAL IMPRESSION : 

NOTES IF ANY:  

        Signature of investigator 
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B. L. D. E. U‘S SHRI B.M. PATIL MEDICAL COLLEGE, HOSPITAL AND 

RESEARCHCENTRE, BIJAPUR 

RESEARCH INFORMED CONSENT FORM 

 

TITLE OF THE PROJECT  :     Sensitivity and Specificity of Diagnostic 

Biomarkers in Thyroid Diseases:  From Circulating Chemistry to Molecular 

Cytogenetics.                                                                        

PRINCIPAL INVESTIGATOR :Dr Anita P Javalgi 

GUIDE :Dr B R Yelikar     

 

BENEFITS: 

Participation in the study may benefit in accurate diagnosis of various thyroid diseases 

and hence usefulness of confirmatory tests in proper management of disease and 

medical information produced by this study . 

 

RISK AND DISCOMFORTS: I understand that, there is no risk involved in the 

procedures performed. 

They are also informed that there will not be any kind of financial burden on them 

(patients). 

 

 CONFIDENTIALITY: 

I understand that the medical information produced by the study will become a part of 

hospital record and will be subjected to confidentiality and privacy regulations of the 
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hospital. If the data is used for publications the identity of participants  will not be 

revealed. 

REQUEST FOR MORE INFORMATION: 

I understand that I may ask more information about the study at any time. 

 

INJURY STATEMENT: 

I understand that in the unlikely event of injury to me during the study I will get 

medical treatment but no further compensations. 

I have read and fully understood this consent form. Therefore I agree to participate in 

the present study. 

 

_____________________      _______________ 

Participant / Guardian      Date: 

           I have explained the patient the purpose of the study, the procedure required and 

possible risk and benefit to the best of my ability in the vernacular language. 

____________________      _______________ 

Investigator        Date: 
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Autoantibodies and Immune Expression of 
HBME 1 and Galectin 3 in Thyroid Nodules

Anita P Javalgi1, BR Yelikar2, Kusal Das3, Raga Sruthi4, Rodrigues Lynda5

Introduction

Thyroid diseases are among the commonest 
endocrine disorders worldwide. India too, is no 
exception. According to a projection from various 
studies on thyroid disease, it has been estimated 
that about 42 million people in India suffer from 
thyroid diseases [1].

Thyroid nodules are a very frequent  nding, 
and their prevalence steadily increases with age. 
Nodular thyroid disease refers to the presence of 
a solitary nodule or multiple nodules, solid to one 
or more cystic lesions. It is estimated that 5%–7% 
of adults have clinically detectable nodules in 
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Abstract

Thyroid diseases are among the commonest endocrine disorders worldwide. India too, is no exception. According 
to a projection from various studies on thyroid disease, it has been estimated that about 42 million people in India 
suffer from thyroid diseases. Since mortality and morbidity in thyroid cancer is often measured over decades, there 
is a paucity of prospective clinical studies that are capable of evaluating various tests and to find out the cost and 
time saving methods which may significantly reduce patient morbidity and unnecessary surgery in benign thyroid 
disease. Objectives of present study was to study anti thyroperoxidase (AntiTPO) antibody, anti-thyroglobulin (anti 
TG) antibody and immune expression of HBME1 and galacten 3 in various thyroid lesions. This is a prospective 2 
year study from January 2015 to December 2016. All cases referred to cytology section were included and individual 
on hormone therapy or antithyroid drugs were excluded from study. FNAC was done in all cases. Thyroid function 
test, anti TPO and anti TG antibodies were measured. Histopathology correlation of cases was done of resected 
thyroid tissue and immune markers HBME 1 and galectin 3  was done where ever required. 165 cases had cytological 
diagnosis reframed under Bethesda reporting and serum biomarkers level obtained. 71 cases had histopathological 
correlation and observed nodular goiter commonest non neoplastic lesion followed by lymphocytic thyroiditis and 
papillary carcinoma. HBME 1 is specific to differentiate benign and malignant lesions and galectin 3  is highly 
specific for papillary carcinoma. Auto-antibodies are markedly raised in autoimmune thyroiditis and papillary 
carcinoma. To conclude autoantibodies level estimation helps in clinical diagnosis and management of thyroid 
lesions. Immunohistochemistry plays vital role in confirmation of malignant lesions.
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the thyroid, and with the emergence of modern 
ultrasonographic (US) techniques detecting 
thyroid nodules of a few millimeters, the frequency 
of nodularity is estimated to be 16%–67% in 
unselected subjects. Most of the discovered nodules 
are benign; however, there are increasing incidence 
of cancers (2.4-fold increase), and this trend appears 
to be continuing. Recent population studies have 
shown that about 12% of adults have a palpable 
goitre. Autoimmune thyroid disease is probably 
commoner than iodine de ciency as a cause of 
goiter in areas that are now iodine suf cient [2,3].

Thyroid cancer is the most common endocrine 
malignancy and is the sixth most common cancer 
in women and the second most common cancer in 
women under 40 years of age [4].

Since mortality and morbidity in thyroid cancer 
is often measured over decades, there is a paucity 
of prospective clinical studies that are capable of 
evaluating various tests which may signi cantly 
reduce patient morbidity and unnecessary surgery in 
benign thyroid disease. The present study was taken 
to study the signi cance of FT3, FT4, TSH, anti TPO 
antibody, anti thyroglobulin antibody in various 
thyroid lesions. Cytological diagnosis of thyroid 
nodules, histopathological correlation and to study 
immune marker expression of HBME-1 and galectin 
3  in the resected thyroid specimen in applicable 
cases.

Materials and Methods

This was a prospective 2 year study from January 
2015 to December 2016. All patients with thyroid 
swelling from ENT & Surgery clinic being referred 
to Department of Pathology were included in the 
study with informed consent. Patients with thyroid 
swelling already on thyroid hormone therapy or 
antithyroid drugs were excluded from the study. 
Informed consent was obtained and then detailed 
clinical history was noted. Thorough clinical 
examination was carried out. 5 ml of venous blood 
sample was collected in plane vaccutainer and 
serum markers estimation which included thyroxine 
(T4), tri-iodothyronine (T3), thyroid stimulating 
hormone (TSH), anti Thyroperoxidase (Anti TPO), 
Anti thyroglobulin antibody (Anti TG). Collected 
sample was run through Vidas biochemical analyser. 
Fine needle aspiration cytology (FNAC) was done 
and cytological diagnosis was given following The 
Bethesda Reporting System for Thyroid Cytology 
(TBRSTC). Resected thyroid tissue was grossed 
and processed FFPE as per standard protocol 
and stained with routine Hematoxylin and Eosin 

(H&E) stain and histopathological diagnosis given 
and correlation between cytological diagnosis 
and histopathological diagnosis was also done in 
available cases. Immunohistochemistry for HBME1 
and galectin 3 markers was carried out in required 
cases as per standard protocol.

The statistical evaluation of the data was carried 
out using the Statistical Package for Social Sciences 
(SPSS® version 17.0) and Microsoft® Excel for Mac 
2011 programs. In the present study, descriptive 
statistics as well as 95% con dence interval for a 
single proportion, mean, P value and sensitivity 
and speci city of immune markers was calculated. 

Results

Total samples included in the study were 
165 cases, all cases serum biomarkers ie thyroid 
hormones and autoantibodies were measured and 
noted down. In present study females outnumbered 
males in thyroid disease with 81% and 19% male 
affected. Youngest patient was 12 yrs old (Table 1).

Serum biomarkers of thyroid function that is free 
T3, free T4 and thyroid stimulating hormone (TSH) 
were with in normal range. Anti thyroperoxidase 
(Anti TPO) and anti-thyroglobulin (Anti-TG) 
levels were raised in autoimmune thyroiditis and 
in few cases of papillary carcinoma (Table 2). P 
value was calculated and observed that P value 
was statistically signi cant for anti TPO and anti 
Tg levels in relation with thyroiditis and papillary 
carcinoma (Table 3).

The Bethesda Thyroid reporting was followed for 
cytological reporting and observed 83 cases (51%) 
were benign cases Bethesda category II, 9% cases 
were frank malignant remaining Bethesda category 
VI, 9.7% cases were follicular neoplasm category IV 
and 30.3% cases were falling in grey area Bethesda 
category V and category III. Histopathological 
diagnosis was correlated in available cases 
(Table 4). Seventy one cases had histopathological 
correlation. Commonest histopathological 
diagnosis was colloid goitre (21 cases), followed by 
16 cases thyroiditis, 10 cases of follicular adenoma 
and 24 cases were thyroid malignancy.

Papillary carcinoma was commonest malignancy 
with 15 cases, 4 cases of follicular carcinoma, 2 cases 
of medullary carcinoma and 2 cases of metastatic 
carcinoma both were squamous cell carcinoma 
deposits. One rare case of mucoepidermoid 
carcinoma was diagnosed.

Forty eight (48) resected thyroid specimens 
with morphological similar features between 
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benign and malignancy, those cases were subjected 
immunohistochemistry. HBME 1 and Galectin 3 
immune expression was studied. Gal-3 stained the 
majority of malignant cases (89%) in comparison to 
benign neoplasms the difference was statistically 

signi cant (p-value <0.0001). Gal-3 expression in 
thyroid papillary neoplasms was found to have 
a sensitivity of 88.2%, speci city of 89.12%, and 
positive predictive value of 91.22% and negative 
predictive value of 78.12%. HBME is more speci c 

Table 1: Age distribution

Sex/age 10-20 21-30 31-40 41-50 51-60 61-70 >70 Total 

Female 15 45 33 15 18 6 2 134

Male 3 6 11 6 2 3 - 31

Table 2: Thyroid Hormones and Antibodies Level in Various Thyroid Diseases

Thyroid lesion 
TSH 

0.4-4.0 muIU/ml
FT3

3.5-7.8 pmol/L
FT4

9 – 25 pmol/L
Anti TG

<20 IU/ml
Anti TPO
< 35 IU/ml 

Goitre 
(colloid/nodular/toxic) 1.62+/-0.76 3.02+/-042 1.22+/-0.24 16.63+/-3.42 35.2+/-3.23

Lymphocytic thyroiditis 20.66+/-4.05 1.42+/-0.37 .53+/-0.16 43.25+/-7.46 63.26+/-5.96

Granulomatous thyroiditis 2.22+/-0.43 6.24+/-1.56 19.45+/-6.5 26+/-3.50 35.2+/-2.50

Graves disease 0.02+/-0.01 13.3+/-3.69 30+/-4.79 34.85+/-6.76 42.28+/-5.92

Follicular neopalsm
Follicular adenoma 
Follicular carcinoma 

0.83+/-0.16 4+/-1.73 11.3+/-1.67 12.6+/-3.77 25+/-0

2+/-0 3.9+/-0.1 20+/-0 12+/-1.41 17.5+/-2.42

Papillary carcinoma 2.1 +/- 0.54 4.65+/-1.16 13.8+/-4.16 30.5+/-14.53 33.3+/-17.93

Medullary carcinoma 0.9 4 13 20 39

Table 3: p value of the serum Biomarkers

Thyroid lesion TSH FT3 FT4 Anti TG Anti TPO

Goitre (colloid/nodular/toxic) 0.182 0.218 0.321 0.61 0.12

Lymphocytic thyroiditis 0.245 0.03 0.001 0.05 0.002

Granulomatous thyroiditis 0.215 0.04 0.02 0.06 0.001

Graves disease 0.05 0.04 0.003 0.015 0.025

Follicular neoplasm
 Follicular adenoma
 Follicular carcinoma

0.224 0.23 0.231 0.215 0.071

Papillary carcinoma 0.251 0.25 0.32 0.02 0.04

Medullary carcinoma - - - - -

Table 4: Bethesda cytological reporting and histopathological correlation

Bethesda 
system 

Includes Cytology cases 
HPR correlation

Cases 
Final diagnosis 

I Non diagnostic
Non satisfactory 

Acellular/ only 
fluid/ blood

24 -

II Benign 83 24 Goitre (colloid/nodular/
toxic) Lymphocytic thyroiditis

Granulomatous disease 
Graves disease

Adenomatoid nodule 

III Atypia of unknown 
significance (AUS)

32 13

IV Follicular neoplasm/
suspicion for follicular 

neoplasm

16 14 Follicular neopalsm;
Follicular adenoma 
Follicular carcinoma 

V Suspicious for other 
malignancy 

09 20 Papillary carcinoma 
Medullary carcinoma 
Metastatic carcinoma 

Mucoepidermoid carcinoma 
VI Malignancy 15

Total - 165 71 -

Forty cases had immunohistochemistry analysis with marker HBME 1 and Galectin 3.
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for thyroid malignancies compared to benign 
neoplasms with sensitivity of 91% and speci city 
of 95% (Table 5).

Discussion

In present study we had 165 thyroid lesion cases 
in which we observed female preponderance 79%, 
similar to study done by K Fariba et al. [5] with 
66.8% females, WeiminXu et al. [6] and Howrah et 
al.

Cahoon KE et al. [7] had population based cohort 
study which measured serum Tg, urinary iodine, 
TSH, anti-thyroglobulin, anti- thyroid peroxidise 
levels and Ultrasound to assess the presence 
of nodules and estimate thyroid volume and 
concluded that serum Tg is signi cantly related 
to presence of thyroid abnormalities as well as 
indicators of thyroid function and iodine de ciency 
and, therefore, could be used to characterize the 
iodine status and thyroid function of individuals in 
the context of epidemiological study.

In spite of iodine suf cient belt the incidence of 
thyroid diseases are increasing, with the literature 
supporting with the autoimmune cause. Antibodies 
levels were raised in autoimmune thyroid disease 
and in known fact but levels were also high in 
papillary carcinoma and medullary carcinoma 
suggesting could play role in etiopathogenesis? 
Similar  ndings was also observed by Young Ah 
Cho et al. [8] in “Biomarkers of thyroid function 
and autoimmunity for predicting high-risk groups 
of thyroid cancer: a nested case–control study” 
Eun Sook Kim et al. [9], reported that TGAb was 
associated with an increased risk of thyroid cancer 
in thyroid nodules. Similarly, other studies also 
showed an analogous association with malignancy 
by considering positive thyroid autoantibodies as a 
whole, including TPOAb and TGAb. Present study 
also comments on auto-antibodies levels high in 
autoimmune thyroiditis and few cases of papillary 
carcinoma.

In present study, cytological diagnosis of all cases 

were categorised according to Bethesda reporting 
system thus signifying its importance for surgical 
management of thyroid nodules. Study done 
by Zarif, et al. [10]. demonstrates higher risks of 
malignancy in diagnostic categories (DC) I, DC II, 
DC III and DC IV than that of the original BSRTC 
de nition, along with a higher speci city and 
positive predictive value for cancer diagnosis, and 
a lower sensitivity and negative predictive value.

Several immunohistochemical markers 
representing different components of the cell, 
such as the membrane, the cytoplasm, or the 
nucleus, have been studied in thyroid neoplasms. 
Some of the antibodies that have been examined 
include galectin-3, Hector Battifora mesothelial cell 
antibody (HBME-1), cytokeratin-19, RET, TTF-1, 
hTERT, telomerase, p27 and p53 to name a few. 
Two markers that have been extensively studied 
are galectin-3 and HMBE-1 [11].

Saleh HA et al. [12] studied immunohistochemical 
markers like galectin-3, HBME-1, CK19 and Ret 
oncoprotein to differentiate benign and thyroid 
nodules and concluded that immunomarkers 
are signi cantly more expressed in malignant 
tumours compared to benign lesions and may be 
of additional diagnostic value when combined with 
routine histology [13].

Study done by Arcolia et al. [14]: diagnostic 
performances of individual or combined thyroid 
markers demonstrated that gal1 is a useful 
immunohistochemical marker to discriminate 
malignant tumours from benign thyroid nodules. 
They further validate that gal3 is a sensitive marker 
for the diagnosis of thyroid malignancy, and add 
support for its combination with CK 19 and HBME 
1 with the highest performance for the diagnosis 
of well differentiated thyroid cancer. Such 
combination of markers should be validated in a 
larger series of tissues including various subtypes 
of thyroid lesions [14].

Zhang et al. [15] observed in his study the 
potential of triple immunochemical staining to 
be used as an ancillary test to clarify cytologic 
diagnoses of indeterminate thyroid nodules. 

Table 5: IHC HBME 1 & Galectin 3

HPR diagnosis No of cases HMBE 1 Galectin 3 

Papillary carcinoma 15 Positive Positive (15 case)

MNG with papillary like 
features 

12 Weak positive Positive (1case)

Lymphocytic thyroiditis 2 Negative Negative 

Graves disease 1 Negative Positive 

Follicular carcinoma 3 Weak positive Negative 
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Also demonstrated the diagnostic value of dual 
positive/colocalization of Galectin-3 and HBME-
1 for thyroid malignancy [15]. Similarly present 
study highlights the importance of galectin 3 and 
HBME-1 immune markers in diagnosing thyroid 
malignancies.

Conclusion

C umulative approach including thyroid serum 
markers and tissue immune marker study gives a 
complete diagnostic approach of thyroid lesions 
and Gal-3 is a promising marker in the diagnosis 
of PTC and its variants and HBME-1 differential 
expressions in thyroid carcinoma compared with 
benign neoplasms may also represent a promising 
target for therapy of thyroid cancers.
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ABSTRACT

Thyroid	nodules	are	a	very	 frequent	finding,	and	 their	prevalence	steadily	 increases	with	age.	Routinely	
clinical	 factors	such	as	age,	gender,	and	radiation	history	are	meaningful	 for	predicting	 thyroid	nodules.	
There	are	few	studies	exploring	the	association	of	serum	indexes	of	thyroid	hormones	or	autoantibodies	with	
the	risk	of	thyroid	nodules.	Hence	present	study	was	undertaken	with	following	objectives.	To	measure	the	
serum	markers	of	FT3,	FT4,TSH,	anti	TPO	antibody,	anti-thyroglobulin	antibody	and	role	of	Vitamin	E	and	
vitamin	C	antioxidants	in	relation	with	thyroid	serum	markers	in	various	thyroid	diseases.	Correlation	of	these	
serum	markers	with	cytological	diagnosis	was	done.	Serum	analysis	of	thyroid	hormones,	autoantibodies	
level	and	FNAC	was	done	with	patients	having	thyroid	swelling.	

It	 was	 noted	 in	 present	 study	 that	 prevalence	 of	 positive	 serum	 autoantibodies	 displays	 geographical	
heterogeneity,	 unrelated	 to	 goitre	 prevalence.	 Autoantibodies	 levels	 are	 raised	 in	 autoimmune	 thyroid	
diseases	 and	 in	 few	 variants	 of	 thyroid	malignancy.	And	 it	was	 also	 observed	 anti-Oxidants	 (vitamin	 e	
and	vitamin	c)	levels	were	variable	in	thyroid	disorders.	To	conclude	autoantibodies	are	markedly	raised	
in	 thyroiditis	 condition	 and	 the	 incidence	of	 autoimmune	 thyroiditis	 is	 increasing	 in	 iodine	 sufficient	 as	
well	as	iodine	deficient	geographical	areas.	In	present	study	it	was	also	observed	that	autoantibodies	levels	
were	 raised	 in	papillary	carcinoma	 thyroid	 indicating	 role	of	 anti-TPO	and	anti-TG	 in	etiopathogenesis.	
Antioxidants	levels	were	variable	and	low	in	most	of	thyroid	diseases	suggesting	its	role	in	etiopathogenesis.
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Introduction

Thyroid	 diseases	 are	 among	 the	 commonest	
endocrine	 disorders	 worldwide.	 India	 too,	 is	 no	
exception.	 According	 to	 a	 projection	 from	 various	
studies	 on	 thyroid	 disease,	 it	 has	 been	 estimated	 that	
about	 42	 million	 people	 in	 India	 suffer	 from	 thyroid	
diseases.	Routinely	clinical	factors	such	as	age,	gender,	
and	 radiation	 history	 are	 meaningful	 for	 predicting	
thyroid	 nodules.	 There	 are	 few	 studies	 exploring	 the	
association	 of	 serum	 indexes	 of	 thyroid	 hormones	 or	

autoantibodies	with	the	risk	of	thyroid	nodules.	Although	
thyroid	hormones	and	autoantibodies	are	reported	to	be	
dependently	associated	with	thyroid	function	and	thyroid	
diseases,	little	attention	has	been	paid	to	whether	thyroid	
hormones	and	autoantibodies	are	associated	with	thyroid	
nodules2.	Thyroid	nodule,	as	an	entity,	is	one	of	the	most	
common	diseases	originating	from	the	endocrine	system.	
Thyroid	nodules	may	be	single,	multiple,	solid,	or	cystic	
and	may	or	may	not	be	functional.3	Most	thyroid	nodules	
are	benign	tumours	and	5%	are	reported	as	malignant.4,5 
Autoimmune	thyroiditis	 (AT)	 is	a	common	disorder	of	
the	thyroid	gland.	It	is	usually	diagnosed	when	thyroid	
autoantibodies	 (TPOAbs/TGAbs)	 are	 detected	 in	
patients	with	hypothyroidism	or	goiter.6

Autoimmune	diseases	(AID)	appear	when	the	host	
immune	 system	 turns	 against	 its	 own	antigens	 leading	
to	 dysfunction	 or	 destruction	 of	 tissues	 and	 organs.	
AID	 may	 develop	 in	 mechanisms	 involving	 immune	
deregulation,	genetic	predisposition	and	due	to	influence	
of	 environmental	 factors.7	 Thyroid	 autoimmune	
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diseases	like	GD	and	Hashimoto	thyroiditis	(HT)	affect	
the	 thyroid	 gland	 and	 are	 called	 autoimmune	 thyroid	
diseases	(AITD).8

Oxidative	reactions	occur	in	all	tissues	and	organs,	
thyroid	gland	being	one,	 in	which	oxidative	processes	
are	 indispensable	 for	 thyroid	 hormone	 synthesis.	Both	
hyper-	and	hypothyroidism	have	been	proven	to	promote	
cellular	 oxidative	 stress	 by	 influencing	 the	 intensity	
of	 oxygen	 reactions	 and	 have	 been	 shown	 to	 affect	
concentrations	 of	 the	 vitamins	 involved	 in	 scavenging	
of	free	radicals	(usually	decreasing	their	concentrations,	
although	study	results	differ)	i.e.	vitamins	A,	C	and	E.9

Therefore,	 this	 study	was	undertaken	 to	determine	
whether	there	is	an	association	between	thyroid	nodules,	
thyroid	hormones	levels	and	thyroid	autoantibodies	and	
correlation	of	these	markers	with	cytological	diagnosis.	
Also	an	attempt	to	understand	the	role	of	Vitamin	E	and	
vitamin	 C	 antioxidants	 in	 relation	 in	 various	 thyroid	
diseases	was	made.

Methodology

This	 was	 prospective	 study	 carried	 out	 in	 2016	
at	 out	 tertiary	 care	 hospital.	The	 study	 group	 includes	
patients	 with	 thyroid	 swelling	 referred	 to	 Department	

of	Pathology	for	FNAC.	Patients	with	thyroid	swelling	
with	thyroid	hormone	therapy	or	antithyroid	drugs	were	
excluded.

Early	morning	fasting	5ml	of	venous	blood	sample	
was	 collected	 in	 plane	 vaccutainer	 and	 the	 collected	
serum	 sample	 was	 run	 through	 Vidas	 biochemical	
analyzer	 based	 on	 the	 principal	 chemiluminescent	
immunoassay.	Serum	markers	estimation	included	Free	
thyroxine(T4),	 Free	 tri-iodothyronine	 (T3),	 Thyroid	
stimulating	hormone	(TSH),	Anti	thyroglobulin	antibody	
(AntiTG	ab),	Anti	thyroperoxidase	(anti	TPO),	Vitamin	
C	and	E	levels	(HPLC	method). 

Descriptive	 statistics	 as	 well	 as	 95%	 confidence	
interval	 for	 a	 single	 proportion	 and	 a	 mean	 was	
calculated.

Results

In	this	one	year	cross	sectional	study	total	54cases	
with	thyroid	swelling	referred	to	cytology	section	were	
included	 and	 all	 cases	 we	 had	 serum	 biomarker	 level	
estimation.	In	present	study	females	outnumbered	males	
with	43	 females	 (79%)	and	11	males	 (21%),	youngest	
being	 12yrs	 and	 oldest	 age	 72yrs.(TABLE	 I:	 AGE	
DISTRIBUTION)

Table I: Age distribution

Sex/age 10-20 21-30 31-40 41-50 51-60 61-70 >70 Total 
Female 5 14 10 5 6 2 1 43
Male 1 2 3 3 1 1 - 11

The	commonest	thyroid	disease	was	colloid	goiter	followed	by	thyroiditis.	Lymphocytic	thyroiditis	was	common	
followed	by	granulomatous	 thyroiditis	 and	other	variants.	Papillary	 carcinoma	was	 commonest	malignant	 lesion	
affecting	females	in	3rd	and	4th	decade.(Table	II)

Table II: Various thyroid diseases with sex distribution of disease

Thyroid lesion Females Males Total
Goitre	(colloid/nodular/toxic) 13 3 16
Lymphocytic	thyroiditis 14 1 15
Granulomatous	thyroiditis 2 2 4

Graves	disease 7 0 7
Follicular	neoplasm

	Follicular	adenoma 1 2 3
	Follicular	carcinoma 0 2 2
Papillary	carcinoma 6 0 6
Medullary	carcinoma 0 1 1

Total 43 11 54
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Thyroid	function	test	(free	T3,	free	T4	and	TSH)	and	autoantibodies	level	ie	anti-TPO	and	anti-TG	levels	were	
measured	and	mean	calculated	with	SD	and	observed	that	most	of	thyroid	disorders	were	in	euthyroid	state	and	auto-
antibodies	level	were	raised	in	autoimmune	thyroiditis	and	few	cases	of	papillary	carcinoma.	(Table	III).

Table III: Thyroid function test and auto-antibodies level in thyroid diseases

Thyroid lesion Total
TSH

0.4-4.0 
muIU/ml

FT3
3.5-7.8 
pmol/L

FT4
9 – 25 

pmol/L

Anti TG
<20 IU/ml

Anti TPO
< 35 IU/ml 

Goitre	(colloid/nodular/toxic) 16 1.62+/-0.76 3.02+/-042 1.22+/-0.24 16.63+/-3.42 35.2+/-3.23
Lymphocytic	thyroiditis 15 20.66+/-4.05 1.42+/-0.37 .53+/-0.16 43.25+/-7.46 63.26+/-5.96
Granulomatous	thyroiditis 4 2.22+/-0.43 6.24+/-1.56 19.45+/-6.5 26+/-3.50 35.2+/-2.50

Graves	disease 7 0.02+/-0.01 13.3+/-3.69 30+/-4.79 34.85+/-6.76 42.28+/-5.92
Follicular	neopalsm;

	Follicular	adenoma 3 0.83+/-0.16 4+/-1.73 11.3+/-1.67 12.6+/-3.77 25+/-0
Follicular	carcinoma 2 2+/-0 3.9+/-0.1 20+/-0 12+/-1.41 17.5+/-2.42
Papillary	carcinoma 6 2.1	+/-	0.54 4.65+/-1.16 13.8+/-4.16 30.5+/-14.53 33.3+/-17.93
Medullary	carcinoma 1 0.9 4 13 20 39

Also	anti-oxidants	levels	i.e.	Vitamin	C	and	Vitamin	E	were	measured	and	observed	that	the	levels	were	affected	
in	thyroid	abnormality	with	markedly	reduced	level	in	malignancy	followed	by	thyroiditis	and	then	goiter.	(Table	IV)

Table IV: vitamin C & vitamin E measurements in various thyroid diseases

Thyroid lesion Total Vitamin C level 0.2–2.0 mg/dl Vitamin E level 5–20 µg/ml
Goitre	(colloid/nodular/toxic) 16 1+/-0.56 9+/-1.5
Lymphocytic	thyroiditis 15 0.1+/-0.01 1.75+/-0.5
Granulomatous	thyroiditis 4 0.45+/-0.5 4.5+/-1.2

Graves	disease 7 0.5+/-0.06 1.62+/-0.04
Follicular neopalsm;

Follicular	adenoma 3 0.2+/-0.01 4.6+/-1.3
Follicular	carcinoma 2 0.2+/-0.01 3+/-1.2
Papillary	carcinoma 6 0.7+/-	0.04 2.18+/-0.56
Medullary	carcinoma 1 0.4	 2

Discussion

Thyroid	nodule	is	one	of	the	most	common	diseases	
originating	 from	 the	 endocrine	 system..	 Thyroid	
swelling	may	or	may	not	be	associated	with	functional	
derangement.	 The	 thyroid	 epithelial	 cells,	 induced	 by	
random	 mutations	 or	 rearrangements,	 will	 grow	 from	
a	normal	 state	 to	 an	 abnormal	 state.	This	 induction	of	
growth	exacerbates	cellular	mutagenesis	 that	generates	
the	 nodules.	 10,11	 Most	 thyroid	 nodules	 are	 benign	
tumours	 and	 5%	 are	 reported	 as	 malignant.4,5	 Various	
studies	 like	Weimin	 Xu	 et	 al,	 J	 Paweł	 et	 al,	 showed	
female	 preponderance	 over	males	 in	 acquiring	 thyroid	
disease,	which	was	also	noticed	in	our	study.3,6 

Most	 of	 autoimmune	 thyroid	 diseases	 are	
accompanied	by	the	presence	of	anti-thyroid	peroxidase	
(TPO),	 anti-thyroglobulin	 (Tg),	 and	 anti-thyroid-
stimulating	 hormone	 receptor	 (TSHR)	 antibodies.	
However	 autoantibodies	 association	 with	 thyroid	
malignancy	 is	 also	 noted	 in	 few	 papillary	 carcinoma	
of	 thyroid.	Antibodies	against	 thyroid	antigens	such	as	
carbonic	anhydrase,	megalin,	T3	and	T4,	sodium	iodide	
symporter	(NIS),	and	pendrin	have	also	been	detected,	
although	rarely.12,13

Prevalence	 of	 the	 thyroid	 autoantibody	 positivity	
is	 relatively	 high	 worldwide.	 It	 is	 well-known	 that	
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in	 iodine-sufficient	 areas	 there	 is	 a	 higher	 rate	 of	AT	
prevalence	than	in	iodine-deficient	ones.14	Iodine	intake	
is	probably	one	of	the	most	important	factors	that	affects	
thyroid	autoimmunity	and	the	incidence	of	AT.15 

TPOAb	 and	 TGAb	 are	 two	 important	 thyroid	
autoantibodies	which	 are	 commonly	 found	 in	 patients	
with	 thyroid	 diseases.	 16	 As	 shown	 in	 some	 previous	
studies,	 TPOAb	 is	 correlated	 with	 the	 severity	 of	
lymphocytic	 infiltration	 and	 could	 induce	 antibody-
dependent	 cell-mediated	 cytotoxicity.	 17,18	 Boelaert	 K.	
et	al.19	reported	that	TPOAb	was	dependently	associated	
with	thyroid	diseases,	but	little	attention	has	been	paid	
to	 whether	measuring	 other	 thyroid	 autoantibodies,	 in	
addition	to	TSH,	could	help	predict	 thyroid	nodules	 in	
human	populations.3

Our	 results	 showed	 raised	 antiTPO	and	 antiTG	 in	
lymphocytic	 thyroiditis	and	papillary	carcinoma	which	
were	similar	to	the	findings	of	M.	Parham	et	al.	20	in	Iran.	
They	 indicated	 that	 the	different	prevalence	of	 thyroid	
autoantibodies	 might	 explain	 the	 wide	 range	 of	 the	
reported	prevalence	of	thyroid	nodules.	In	addition,	Eun	
Sook	Kim	 et	 al.21	 reported	 that	 TGAb	was	 associated	
with	 an	 increased	 risk	 of	 thyroid	 cancer	 in	 thyroid	
nodules.	 Similarly,	 other	 studies22,23	 also	 showed	 an	
analogous	association	with	malignancy	by	considering	
positive	 thyroid	 autoantibodies	 as	 a	 whole,	 including	
TPOAb	and	TGAb.3 

Oxidative	reactions	occur	in	all	tissues	and	organs,	
thyroid	gland	being	one,	 in	which	oxidative	processes	
are	 indispensable	 for	 thyroid	 hormone	 synthesis.	Both	
hyper-	and	hypothyroidism	have	been	proven	to	promote	
cellular	 oxidative	 stress	 by	 influencing	 the	 intensity	
of	 oxygen	 reactions	 and	 have	 been	 shown	 to	 affect	
concentrations	 of	 the	 vitamins	 involved	 in	 scavenging	
of	free	radicals	(usually	decreasing	their	concentrations,	
although	study	results	differ)	i.e.	vitamins	A,	C	and	E9. 
A	study	done	by	Salwa	H.	N.	Al-Rubae’i	and	Abass	K.	
Al-Musawi	observed	that	there	are	marked	variations	in	
vitamin	A,	E	and	C	in	both	hypothyroidism	as	well	as	
hyperthyroidism.24 

Vitamin	 A	 is	 a	 potent	 antioxidant	 and	 acts	 as	 a	
scavenger	 of	 free	 radicals	 either	 independently	 or	 as	 a	
part	of	large	enzyme	system.	Vitamin	A	deficiency	(VAD)	
has	 multiple	 effects	 on	 thyroid	 function	 in	 animals.25 

Hyperthyroidism	is	a	hyper	metabolic	state	accompanied	
by	 an	 increase	 in	 the	 total	 consumption	 of	 oxygen,	

fostering	formation	of	reactive	oxygen	species	and	other	
free	radicals,	or	the	occurrence	of	oxidative	stress.	26

Lowered	Vitamin	E	 level	 is	presumably	due	 to	 its	
use	in	preventing	free	radical	damage	that	seems	more	
extensive	 in	 thyroid	 dysfunction	 patients.27	 Mano	 et	
al	 found	 in	 their	 study	 patients	 with	 various	 thyroid	
disorders	that	they	presented	elevated	Vitamin	E	levels	
in	 their	 thyroid	 tissue.24	 Researchers	 concluded	 that	
Vitamin	E	acts	as	a	scavenger	in	thyroid	follicular	cell	
dysfunction.	 Additional	 studies	 have	 demonstrated	
that	 active	 oxygen	 radicals	 inhibit	 the	 activity	 of	 an	
enzyme	 responsible	 for	 the	 conversion	 of	 T4	 to	 the	
active	hormone	T3	and	that	sufficient	Vitamin	E	levels	
may	mitigate	that	effect.28 Present	study	also	detects	low	
vitamin	E	levels	in	thyroid	disorders.

Vitamin	C	is	considered	the	most	powerful	natural	
antioxidant29	which	is	capable	of	‘’scavenging”	reactive	
oxygen	species	by	reducing	free	radicals	to	more	stable	
species.30	 Present	 study	 were	 in	 good	 agreement	 with	
those	obtained	by	Mohan	et	al.31 and	Alicigüzel	et	al.32 

as	 these	 studies	 described	 low	 levels	 of	Vitamin	C	 in	
hyperthyroidism	and	increase	oxidative	stress	at	the	same	
time,	 it	 also	 indicate	 that	 antioxidant	 vitamin	 become	
oxidized	 and	 it	 is	 eventually	 consumed	 in	 exerting	 its	
antioxidant	action.

Conclusion

Present	 study	 concludes	 that	 autoantibodies	 levels	
were	 raised	 in	 thyroiditis	 and	 papillary	 carcinoma	
thyroid	 indicating	 role	 of	 anti-TPO	 and	 anti-TG	 in	
etiopathogenesis.	 vitamin	 C	 and	 E	 levels	 in	 various	
thyroid	diseases	were	variable.
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