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Abstract  

Background and Objectives: The frequency of thyroid nodules is high and rises significantly with age. 

The purpose of this study is to examine the utility of the immunohistochemical markers HBME-1, CD56, 

and CK19 in distinguishing hyperplastic, benign, and malignant thyroid lesions. 

Material and Methods: Research was conducted both proactively and retrospectively. From October 

2020-September 2022, a total of two years' worth of cases were accumulated. Location: Afzalgunj, 

Hyderabad; Osmania General Hospital. Fifty patients who presented with thyroid nodular swellings were 

surgically removed and referred to the histopathology section for analysis. Age, sex, and clinical 

differential diagnosis were all considered as well as other clinical information. 

Results: The present study is a cross sectional study carried over a period of 24 months (October 2020 to 

September 2022) in the upgraded department of pathology, Osmania General Hospital, Afzalgunj, 

Hyderabad. Age range was 20-60 years with mean age being 36.44 years. Female preponderance was 

noted with a male to female ratio of 1:11.5. Majority of cases were seen in 3rd and 4th decades. Routine 

H&E along with immunostaining with HBME-1, CK 19 and CD 56 was performed. Out of 50 cases, 38 

were benign lesions 12 were malignant lesions. HBME-1 and CK 19 expression was decreased in benign 

lesions and showed high expression in malignant lesions. Whereas CD56 expression was high in benign 

lesions and decreased in malignant lesions. 

Positive staining with HBME-1 was noted in 2.63% of benign lesions which (focal and weak) and 100 % 

of malignant lesions, with 100% sensitivity and 97.4% specificity in differentiating malignant from 

benign lesions. Positive staining with CK 19 was noted in 10.52% of benign lesions and 91.6% of 

malignant lesions, with 91.7% sensitivity and 89.5% specificity in differentiating malignant from benign 

lesions. Positive staining with CD56 was in 100% of benign lesions and 25% of malignant lesions, with 

75% sensitivity and 100% specificity in differentiating malignant from benign lesions. Expression of 

HBME-1, CK 19 and CD56 showed a statistically significant correlation with many studies. 

Conclusion: Therefore, IHC markers that can aid in better assessment of morphologic features should be 

incorporated into the diagnostic strategy for these cancers. HBME1 AND CK 19 are helpful antibodies 

for the differential diagnostic markers to identify malignant lesion and also increase the diagnostic 

accuracy when used with CD56. 
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Introduction 

Thyroid nodules are a very common finding, and their prevalence steadily increases with age. Nodular 

thyroid disease refers to the presence of a solid nodule, multi- nodular gland or one or more cystic lesions 
[1]

. During a radiologic procedure such as Ultrasonography (US) Imaging, Computed Tomography (CT) 

or Magnetic Resonance Imaging (MRI) of the neck, thyroid nodules are being diagnosed incidentally 

with increasing frequency in the recent years. Their clinical significance is mainly related to excluding 

malignancy 
[2, 3]

. In the diagnosis of thyroid nodules and tumours, the gold standard is the histological 

evaluation using routine Haematoxylin and Eosin-stained tissue sections. Papillary thyroid Carcinoma is 

the most common form of malignant thyroid neoplasm. Its diagnosis is based on the presence of papillary 

processes and nuclear features such as nuclear clearing, overlapping, grooves and pseudo-inclusions 
[4, 5]

. 

Diagnostic dilemma may arise especially in, Lesions having a follicular growth pattern. e.g., 

Distinguishing follicular adenoma from encapsulated follicular variant of papillary carcinoma becomes 

difficult when an encapsulated nodule with a follicular pattern exhibits only few of the typical nuclear 
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features of papillary thyroid carcinoma. Benign papillary hyperplasia and hyperplastic nodules in nodular 

goitre may show nuclear clearing and may be confused with papillary thyroid carcinoma. Severe chronic 

lymphocytic thyroiditis, Hashimoto thyroiditis and reactive atypia attributed to inflammation result in 

nuclear morphology similar to that of papillary carcinoma, with nuclear enlargement, chromatin clearing 

and even grooves 
[6, 7]

. 

All of these diagnostic dilemmas have important consequences for the management and prognosis of 

these patients. In such cases, which have morphological overlap, Immunohistochemistry (IHC) is needed 

for differential diagnosis 
[8-10]

. 

Aim of the study was, to test the applicability of IHC markers HBME-1, CD56 and CK19 in 

differentiating the thyroid nodules. Objectives of the study was, to identify cases with nodular thyroid 

pathologies. To predict and confirm the diagnosis of thyroid hyperplasia, benign thyroid neoplasm and 

thyroid carcinoma. To study the expression of HBME-1, CD56 & CK19 in paraffin embedded blocks 

obtained from thyroidectomy specimens. To evaluate the pattern of expression of these IHC markers in 

different thyroid pathologies. 

 

Material and Methods 

Both prospective and retrospective study was done. Total cases were amassed over a period of two years, 

from October 2020 to September 2022. Osmania General Hospital, Afzalgunj, Hyderabad. A total of 50 

thyroidectomy tissue specimens sent to histopathology section which were surgically excised from 

patients presented with thyroid nodular swellings were studied. Clinical details like age, gender and 

clinical differential diagnosis were taken into consideration. 

 

Inclusion criteria 

 All cases presented with solitary thyroid nodule and multinodular goitre were included. 

 Adequate tumor tissue. 

 

Exclusion criteria 

 Cases presented with diffuse thyroid swelling. 

 

Method 

The specimens were fixed in 10% neutral buffered formalin. They were examined grossly and sections 

were taken from representative sites. These sections were then processed in automated tissue processor 

and embedded in paraffin wax. 4-5-micron thickness sections were prepared from the corresponding 

paraffin blocks, one on albumin coated slide for Haematoxylin and Eosin (H&E) staining and the others 

on Poly-L-lysine coated slide for immune-histochemical staining (HBME-1, CD56, CK19). 

 

Results 

The immune-stained slides are examined for, membranous staining with or without cytoplasmic staining 

in case of HBME-1 and CD56, cytoplasmic and /or membranous staining in case of CK 19. Scoring 

method used was Immunoreactive score (IRS), a semiquantitative method. Immunoreactive score gives a 

range of 0-12 as a product of multiplication between positive cells proportion score and staining intensity 

score. 

 
Table 1: IRS positive cell proportion score 

 

Sr. No. Percentage of cells stained Score 

1. 0 0 

2. 1-10% 1+ 

3. 10-50% 2+ 

4. 50-80% 3+ 

5. >80% 4+ 
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Fig 1: Number of various thyroid lesions in the present study 

 
Table 2: Age distribution in benign and malignant lesions 

 

Age Category PTC FVPTC FA NH MNG+HT Colloid Goitre HCA AH Total 

<=20 y   1      1 

21 to 30 y 4 1 5 5 2 2   19 

31 to 40 y 5 1 1 4 2 1 1  15 

41 to 50 y 1  2  3 1 1 1 9 

51 to 60 y   1  2 3   6 

Total 10  10 9 9 7 2 1 50 

 

In the present study, the youngest patient was 20 years old (female) and the oldest patient was 60 years 

old (female). The highest incidence of thyroid lesions was observed in the 3rd and 4th decades of life. 

The age distribution ranged from 20-60 years. 

 

 
 

Fig 2: Age Distribution 

 
Table 3: Sex distribution 

 

Thyroid Category Female (46) 92% Male (4) 8% 

Follicular variant of PTC 1 2% 1 2% 

Conventional PTC 9 18% 1 2% 

Adenomatoid hyperplasia 1 2% 0 0% 

Colloid Goitre 7 14% 0 0% 

Follicular adenoma 8 16% 2 4% 

Hurthle cell adenoma 2 4% 0 0% 

MNG+ Hashimoto thyroiditis 9 18% 0 0% 

Nodular hyperplasia 9 18% 0 0% 
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Fig 3: Showing male to female ratio in the present study 

 

Out of total 50 cases, 4 (8%) were males and 46 (92%) were females. The male to female sex ratio (M: 

F) was 1:11.5. The incidence of thyroid lesions was higher in females. 

 
Table 4: CK19 expression in PTC (Conventional) and FVPTC 

 

 Total (n) Positive Weak Moderate Strong Negative 

cPTC 10 9 (90%) - 3 6 1 (10%) 

FVPTC 2 2 100%) - - 2 - 

 

In the present study, cPTC cases showed 90% positivity for CK 19 and FVPTC cases showed 100% 

positivity, with an overall 91.6% positivity. 

 

 
 

Fig 4: Showing CK 19 expression 

 

CK 19 expression is high in malignant lesions (PTC, FVPTC) and decreased or absent in benign thyroid 

lesions. 

 
Table 5: Diagnostic value of cd 56 in differentiating malignant from benign lesions 

 

Sr. No. Parameter Value 

1. Sensitivity 75% 

2. Specificity 100% 

3. Positive Predictive Value 100% 

4. Negative Predictive Value 92.7% 

5. P value 0.0001 (Significant association) 

 

In the present study, HBME-1 is found to be most sensitive and specific marker in differentiating benign 

from malignant thyroid lesions (PTC & FVPTC). Next is CK 19 with 91.7% sensitivity and 89.5% 

specificity. Sensitivity of CD56 found to be low and specificity of 100%. 
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Fig 5: Histogram showing age distribution 

 

The incidence of thyroid lesions in this study is highest in the age range of 31-40 years, with Mean age of 

36.44 years. 

 

Microscopy evaluation by histopathological study 

 

  
 

  
 

Fig 6: (A-D) 

 

A) Upper Left (10x): A case of Conventional Papillary thyroid carcinoma on H&E. 

B) Upper Right (10x): Strong and diffuse membranous expression of HBME-1. 

C) Lower Left (10x): Strong and diffuse membranous expression of CK 19. 

D) Lower Right (40x): Absent CD56 expression. 
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Fig 7: (A-D) 

 

A) Upper Right (40x): A case of Follicular variant of papillary thyroid carcinoma on H&E. 

B) Upper Left (40x): Strong membranous expression of HBME-1. 

C) Lower Right (40x): Diffuse and strong expression of CK 19. 

D) Lower Left (40x): Absent CD56 expression. 

 

  
 

  
 

Fig 8: (A-D) 

 

A) Upper Right (10x): A case of Follicular adenoma on H & E. 

B) Upper Left (10x): Absent HBME-1 expressions. 

C) Lower Right (10x): Absent CK 19 expressions. 

D) Lower Left (10x): Diffuse and strong membranous expression of CD56. 
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Fig 9: (A-D) 

 

A) Upper Left (10x): A case of Hurthle cell adenoma on H&E. 

B) Upper Right (40x): Absent HBME-1 expression. 

C) Lower left (40x): Absent CK 19 expressions. 

D) Lower Right (40x): Diffuse and strong membranous CD56 expression. 

 

  
 

  
 

Fig 10: (A-D) 
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A) Upper Left (10x): A case of Nodular hyperplasia on H&E. 

B) Upper Right (10x): Absent HBME-1 expression. 

C) Lower Left (10x): Absent CK 19 expressions. 

D) Lower Right (10x): Diffuse and strong membranous CD56 expression. 

 

  
 

  
 

Fig 11: (A-D) 

 

A) Upper Left (10x): A case of Colloid goitre on H&E. 

B) Upper Right (10x): Absent HBME-1 expression. 

C) Lower Left (10x): Absent CK 19 expressions. 

D) Lower Right (10x): Diffuse and strong membranous CD56 expression. 
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Fig 12: (A-D) 

 

a) Upper Left (10x): A case of Hashimoto thyroiditis on H&E. 

b) Upper Right (10x): Absent HBME-1 expression. 

c) Lower Left (10x): Absent CK 19 expressions. 

d) Lower Right (10x): Diffuse and strong membranous CD56 expression. 

 

  
 

  
 

Fig 13: A-D 

 

a) Upper left (40x): A case of Adenomatoid hyperplasia with nuclear clearing H&E. 

b) Lower right (40x): Absent HBME-1 expression. 

c) Lower left (40x): Absent CK 19 expression. 

d) Upper Right (40x): CD56 showing strong & diffuse positivity. 
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Fig 14: (A-D) 

 

a) Upper left (40x): A case of encapsulated follicular neoplasm with PTC like nuclear features on 

H&E. 

b) Upper right (40x): Loss of HBME-1 staining. 

c) Lower left (40x): Loss of CK 19 staining. 

d) Lower right (40x): CD 56 showing diffuse strong positivity. 

 
Table 6: Diagnostic Value of each marker HBME-1, CK 19 and CD 56 in differentiating malignant from Benign 

Lesions 
 

IHC Markers Sensitivity Specificity Positive Predictive Value Negative Predictive Value P Value 

HBME-1 100% 97.4% 92.3% 100% 
0.0001 

(Significant association) 

CK19 91.7% 89.5% 73.3% 97.1% 
0.0001 

(Significant association) 

CD 56 75% 100% 100% 92.7% 
0.0001 

(Significant association) 
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Fig 15: Showing immunoexpression of hbme-1, ck 19 and cd56 in benign and malignant thyroid lesions 

 

Discussion 

Thyroid nodules are quite prevalent, and are often discovered as incidental findings on a physical 

examination, or through radiographic studies. The prevalence of thyroid nodules increases with age, and 

population surveys suggest nearly 5%-15% of the adult population may harbour a clinically significant 

nodule requiring evaluation. Palpable thyroid nodules are found in approximately 5% of women and 1% 

of men living in iodine-sufficient parts of the world. High-resolution ultrasound can detect thyroid 

nodules in 19%-67% of randomly selected individuals, with higher frequencies in women and the elderly 
[34]

. In contrast, the prevalence of thyroid nodular lesions from autopsy studies in clinically normal 

thyroid glands is approximately 50%-60% 
[11-13]

. 

The clinical importance of thyroid nodules rests with the need to exclude ones that may harbour 

malignancy. Numerous studies have documented that the risk of malignancy in patients with thyroid 

nodules is 5%-17%, whether detected by palpation or ultrasonography. Usually, the size of the thyroid 

nodule does not predict the likelihood of thyroid cancer. The cancer rates for patients with solitary 

nodules versus those with multiple nodules are virtually identical 
[14-16]

. 

The majority of thyroid nodules are benign and represent hyperplastic multinodular goitre, colloid 

nodules, Hashimoto’s thyroiditis, simple or haemorrhagic cysts, or follicular adenomas, all of which need 

to be differentiated from thyroid cancer. Malignancies of the thyroid gland include papillary, follicular, 

Hurthle cell, medullary, and anaplastic carcinomas, as well as primary thyroid lymphomas and extra-

thyroid metastases to the thyroid gland. Several clinical features must be considered during thyroid 

nodule evaluation, including age, sex, status of thyroid function, family history, history of radiation 

exposure and pre-existing thyroid disorders 
[17-19]

. 

Patients under the age of 20 or over 70 years with thyroid nodules have an increased risk of malignancy, 

as do men. A history of persistent hoarseness, dysphagia, or dyspnoea also increases the risk, although 

these symptoms may also occur with benign nodules. A rapid painless growth of a solid nodule is 

concerning. On physical examination, thyroid nodules may be smooth or nodular, diffuse or localized, 

soft or hard, mobile or fixed, and painful or nontender. While palpation is the clinically relevant method 

of examining the thyroid gland, it can be insensitive and inaccurate, depending on the skill of the 

examiner. Nonetheless, a nodule that is firm, fixed to the adjacent structures in the neck, and associated 

with cervical lymphadenopathy or paralysis of the vocal folds should be considered highly suspicious for 

thyroid cancer 
[20-22]

. 

Ultrasound is often the first imaging modality employed to evaluate a patient with a thyroid nodule since 

it is readily accessible, inexpensive and non-invasive. Ultrasound is effective at delineating intrathyroidal 

architecture, distinguishing cystic from solid lesions, determining if a nodule is solitary or part of a 

multinodular gland, and accurately locating and measuring a nodule. In addition, ultrasound is extremely 

useful in patients who are managed conservatively for follow-up of possible increased volume of a 

suspicious lesion 
[23-26]

. 

FNA biopsy of thyroid nodules can be used to categorize tissue into the following diagnostic categories: 

Nondiagnostic, Benign, Follicular lesion of undetermined significance (atypia of undetermined 

significance), Follicular or Hurthle cell neoplasm (or suspicious for follicular or Hurthle cell neoplasm), 

Suspicious for malignancy and Malignant 
[28-31]

. 

In the diagnosis of thyroid nodules and tumours, the gold standard is the histological evaluation using 

routine Haematoxylin and Eosin-stained tissue sections. Papillary thyroid Carcinoma is the most 

common form of malignant thyroid neoplasm. Its diagnosis is based on the presence of papillary 

processes and nuclear features such as nuclear clearing, overlapping, grooves and pseudo-inclusions 
[32-

33]
. 

All of these diagnostic dilemmas have important consequences for the management and prognosis of 

these patients. In such cases, which have morphological overlap, Immunohistochemistry (IHC) is needed 

for differential diagnosis. Many immunohistochemical markers have been studied with respect to their 

expression in thyroid lesions. Some markers are promising like CD56, Hector Battifora Mesothelial cell-

1 (HBME-1), Galectin 3 and Cytokeratin 19 (CK 19) considering differential diagnosis, nevertheless, 

none of them is individually conclusive. The present study is based on application of panel of 

immunohistochemistry markers HBME-1, CD 56 and CK19 in differentiating benign and malignant 

thyroid nodules especially papillary thyroid carcinoma 
[34, 35]

. 

In the present study, in case of benign lesions CK 19 immunostaining is mild positive with IRS of 2 and 

3 in 4 out of 38 cases (10.52%) i.e., in 1/9 Hashimoto thyroiditis, 1/10 follicular adenoma, 2/7 colloid 

goitre. In other similar studies done by Singh V. et al., Seetu PALO et al., & Siderova et al., CK 19 

immunostaining benign lesions was positive in 16.6% cases, 25% cases & 10% cases respectively. 

Therefore CK 19 expression is low or decreased in benign thyroid lesions which is correlating well with 

other similar studies 
[34-36]

. 

 

Conclusion 

Present study focuses mainly on utility of HBME-1, CK 19 and CD56 expression in differentiating 
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malignant thyroid lesions from benign lesions. Many cases especially benign lesions like benign 

papillary hyperplasia and hyperplastic nodules showing nuclear clearing and also reactive atypia 

resulting in nuclear morphology similar to that of Papillary thyroid carcinoma (PTC) create difficulties in 

diagnosis by histopathology. The decision favouring benign or malignant lesion has clinical consequence 

and implies different modalities of further treatment and management. In this regard the diagnostic 

approach to these tumors should include IHC markers that can aid in better assessment of morphologic 

details. HBME1 AND CK 19are helpful antibodies for the differential diagnostic markers to identify 

malignant lesion and also increase the diagnostic accuracy when used with CD56. 

 

Funding: None. 

 

Conflict of Interest: None. 

 

References  

1. Ozolins A, Narbuts Z, Strumfa I, Volanska G, Stepanovs K, Gardovskis J. Immunohistochemical 

expression of HBME-1, E-cadherin, and CD56 in the differential diagnosis of thyroid nodules. 

Medicina (Kaunas). 2012;48(10):507-14. PMID: 23324246. 

2. Hirokawa M, Carney J, Goellner JR, et al., Observer variation of encapsulated follicular lesions of 

the thyroid gland. Am J Surg Pathol. 2002;26:1508-14. 

3. Franc B, De La Salmonière P, Lange F, et al. Interobserver and intraobserver reproducibility in the 

histopathology of follicular thyroid carcinoma. Hum Pathol. 2003;34:1092-100. 

4. Suster S. Thyroid tumors with a follicular growth pattern: problems in differential diagnosis. Arch 

Pathol Lab Med. 2006;130:984-8. 

5. Erkiliç S, Kocer NE. The role of cytokeratin 19 in the differential diagnosis of true papillary 

carcinoma of thyroid and papillary carcinoma like changes in Graves’ disease. Endocr Pathol. 

2005;16:63-6. 

6. Baloch ZW, Li Volsi VA. Fine-needle aspiration of thyroid nodules: Past, present and future. Endocr 

Pract. 2004;10:234-41. 

7. Albores-Saavedra J, Wu J. The many faces and mimics of papillary thyroid carcinoma. Endocr 

Pathol. 2006;17:1-18. 

8.  Tan GH, Gharib H, Reading CC. Solitary thyroid nodule. Comparison between palpation and 

ultrasonography. Arch Intern Med. 1995;155(22):2418-2423. 

9. Frates MC, Benson CB, Doubilet PM, et al., Prevalence and distribution of carcinoma in patients 

with solitary and multiple thyroid nodules on sonography. J Clin Endocrinol Metab 

2006;91(9):3411-3417. 

10. Gnanapavan S, Giovannoni G. Neural cell adhesion molecules in brain plasticity and disease. 

Multiple sclerosis and related disorders. 2013 Jan;2(1):13-20. 

11. Van Acker HH, Van Acker ZP, Versteven M, Ponsaerts P, Pende D, Berneman ZN, et al. CD56 

Homodimerization and Participation in Anti-Tumor Immune Effector Cell Functioning: A Role for 

Interleukin-Cancers. 2019 Jul;11(7):10-29. 

12. Zaidi SZ, Motabi IH, Al-Shanqeeti A. Neural cell adhesion molecule (cluster of differentiation 56) 

in health and disease. Journal of Applied Hematology. 2015 Jul;6(3):93. 

13. Shin MK, Kim JW, Ju YS. CD56 and high molecular weight cytokeratin as diagnostic markers of 

papillary thyroid carcinoma. Korean J Pathol. 2011 Oct 1;45(5):477. 

14. Abd El Atti RM, Shash LS. Potential diagnostic utility of CD56 and claudin-1 in papillary thyroid 

carcinoma and solitary follicular thyroid nodules. Journal of the Egyptian National Cancer Institute. 

2012 Dec;24(4):175-84. 

15. Chatterjee S. Cytokeratins in health and disease. Oral and maxillofacial pathology journal. 2012 

Jan;3(1):198-202. 

16. Jain R, Fischer S, Serra S, Chetty R. The use of cytokeratin 19 (CK19) immunohistochemistry in 

lesions of the pancreas, gastrointestinal tract, and liver. Applied Immunohistochemistry & Molecular 

Morphology. 2010 Jan;18(1):9-15. 

17. Llyod RV, Osamura RY, Kloppel G, Rosai J. WHO classification of tumors of endocrine organs 

(fourth edition) IARC Lyon, 2017. 

18. Tastekin E, Keskin E, Can N, Canberk S, Mut A, Erdogan E, et al. CD56, CD57, HBME1, CK19, 

Galectin-3 and p63 immunohistochemical stains in differentiating diagnosis of thyroid 

benign/malign lesions and NIFTP. Pol J Pathol. 2019;70(4):286-294. Doi: 10.5114/pjp.2019.93131. 

PMID: 32146798. 

19. Arcolia V, Journe F, Renaud F, Leteurtre E, Gabius HJ, Remmelink M, et al. Combination of 

galectin-3, CK19 and HBME-1 immunostaining improves the diagnosis of thyroid cancer. Oncol 

Lett. 2017 Oct;14(4):4183-4189. Doi: 10.3892/ol.2017.6719. Epub 2017 Aug 4. PMID: 28943926; 

PMCID: PMC5592881. 



VOL14, ISSUE 09, 2023 

 

ISSN:0975 -3583,0976-2833 

 
 
 
 
 
 

1409 
 

20. Palo S, Biligi DS. Differential diagnostic significance of HBME-1, CK19 and S100 in various 

thyroid lesions. Malays J Pathol. 2017 Apr;39(1):55-67. PMID: 28413206. 

21. Erdogan-Durmus S, Ozcan D, Yarikkaya E, Kurt A, Arslan A. CD56, HBME-1 and cytokeratin 19 

expressions in papillary thyroid carcinoma and nodular thyroid lesions. J Res Med Sci. 2016;21:49. 

Published 2016 Jun 14. Doi: 10.4103/1735-1995.183986. 

22. Ozolins A, Narbuts Z, Strumfa I, Volanska G, Stepanovs K, Gardovskis J. Immunohistochemical 

expression of HBME-1, E-cadherin and CD56 in the differential diagnosis of thyroid nodules. 

Medicina (Kaunas). 2012;48(10):507-14. PMID: 23324246. 

23. Park WY, Jeong SM, Lee JH, Kang HJ, Sin DH, Choi KU, et al. Diagnostic value of decreased 

expression of CD56 protein in papillary carcinoma of the thyroid gland. Basic and Applied 

Pathology. 2009 Jun;2(2):63-8. 

24. El-Demellawy D, Nasr A, Alowami S. Application of CD56, P63 and CK19 immunohistochemistry 

in the diagnosis of papillary carcinoma of the thyroid. Diagnostic pathology. 2008 Dec;3(1):1-2. 

25. Liu J, Singh B, Tallini G, et al., Follicular variant of papillary thyroid carcinoma: a clinicopathologic 

study of a problematic entity. Cancer. 2006;107(6):1255-1264. 

26. Xu B, Ghossein R. Encapsulated thyroid carcinoma of follicular cell origin. Endocr Pathol. 

2015;26(3):191-199. 

27. Liu J, Singh B, Tallini G, et al., Follicular variant of papillary thyroid carcinoma: a clinicopathologic 

study of a problematic entity. Cancer. 2006;107(6):1255-1264. 

28. Rosai J, Kuhn E, Carcangiu ML. Pitfalls in thyroid tumour pathology. Histopathology. 2006;49:107-

120. 

29. Rosai J, De Lellis RA, Carcangiu ML, et al., Papillary thyroid carcinoma and variants. In: AFIP 

Atlas of Tumor Pathology: Tumors of the Thyroid and Parathyroid Glands. Silver Spring, MD: ARP 

Press, 2014, 103-164. 

30. Cho H, Kim JY, Oh YL. Diagnostic value of HBME-1, CK19, Galectin 3, and CD56 in the subtypes 

of follicular variant of papillary thyroid carcinoma. Pathol Int. 2018;68:605-613. 

31. Sack MJ, Astengo-Osuna C, Lin BT, Battifora H, Li Volsi VA. HBME-1 immunostaining in thyroid 

fine-needle aspirations: a useful marker in the diagnosis of carcinoma. Mod Pathol. 1997 

Jul;10(7):668-74. PMID: 9237176. 

32. Singh V, Kaur Bagga P, Singh B, Jaideep. Application of Thyroid Peroxidase (TPO) and Hector 

Battifora Mesothelial-1 (HBME-1) immunohistochemical markers in the diagnosis of papillary 

thyroid carcinoma of the thyroid. Int. J Med Res Rev [Internet]. 2020 Feb;8(1):110-7. 29 [cited 

2023Jan.7]. 

33. CD56 Homodimerization and Participation in Anti-Tumor Immune Effector Cell Functioning: A 

Role for Interleukin-15. Cancers (Basel). 2019 Jul;11(7):10-29. Doi: 10.3390/cancers11071029. 

PMID: 31336622; PMCID: PMC6678613.0-015-0428-4. PMID: 26503236; PMCID: PMC4624378. 

34. Graham DI. Markers for Neural and Endocrine Cells. Molecular and Cell Biology, Diagnostic 

Applications. J Clin Pathol. 1991 Nov;44(11):966-7. PMCID: PMC496650. 

35. Stasiak PC, Purkis PE, Leigh IM, Lane EB. Keratin 19: predicted amino acid sequence and broad 

tissue distribution suggest it evolved from keratinocyte keratins. J Invest Dermatol. 1989 

May;92(5):707-16. Doi: 10.1111/1523-1747.ep12721500. PMID: 2469734. 

36. Saleh H, Jin B, Barnwell J, Alzohaili O. Utility of immunohistochemical markers in differentiating 

benign from malignant follicular-derived thyroid nodules. Diagn Pathol., 2010, 5(9). 


