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Background: Recently, VE1, a monoclonal antibody against the BRAFV600E mutant protein, has 
been investigated in terms of its detection of the BRAFV600E mutation. Although VE1 immunos-
taining and molecular methods used to assess papillary thyroid carcinoma in surgical specimens 
are in good agreement, evaluation of VE1 in thyroid cytology samples is rarely performed, and its 
diagnostic value in cytology has not been well established. In present study, we explored VE1 im-
munoexpression in cytology samples from ex vivo papillary thyroid carcinoma specimens in order 
to minimize limitations of low cellularity and sampling/targeting errors originated from thyroid fine-
needle aspiration and compared our results with those obtained using the corresponding papil-
lary thyroid carcinoma tissues. Methods: The VE1 antibody was evaluated in 21 cases of thyroid 
cytology obtained directly from ex vivo thyroid specimens. VE1 immunostaining was performed 
using liquid-based cytology, and the results were compared with those obtained using the corre-
sponding tissues. Results: Of 21 cases, 19 classic papillary thyroid carcinomas had BRAFV600E 
mutations, whereas two follicular variants expressed wild-type BRAF. VE1 immunoexpression 
varied according to specimen type. In detection of the BRAFV600E mutation, VE1 immunostain-
ing of the surgical specimen exhibited 100% sensitivity and 100% specificity, whereas VE1 im-
munostaining of the cytology specimen exhibited only 94.7% sensitivity and 0% specificity. Con-
clusions: Our data suggest that VE1 immunostaining of a cytology specimen is less specific than 
that of a surgical specimen for detection of the BRAFV600E mutation, and that VE1 immunos-
taining of a cytology specimen should be further evaluated and optimized for clinical use.
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▒ ORIGINAL ARTICLE ▒

BRAF, a serine/threonine kinase and the v-RAF murine sar-
coma viral oncogene homolog B1, is an activator of the mito-
gen-activated protein kinase (MAPK) pathway.1 Mutations in 
BRAF constitutively activate the MAPK pathway, allowing 
human cancers to develop and progress.1,2 Of the various BRAF 
mutations, BRAFV600E, a valine to glutamic acid substitution 
at codon 600, is the most common.1,3 In clinical practice, the 
BRAFV600E mutation is of major interest because it is consid-
ered a critical diagnostic, prognostic, and predictive biomarker 
of many types of cancer.3-6 Among the many endocrine malig-
nancies, the BRAFV600E mutation is a reliable diagnostic 
marker of papillary thyroid carcinoma (PTC), as it is detected 
in 40%–80% of PTCs but virtually never in benign tumors.3,7 
Currently, the BRAFV600E mutation in PTC is typically iden-
tified using DNA-based methods such as direct sequencing, al-
lele-specific polymerase chain reaction (PCR), or real-time 
PCR.7,8 Although these methods all afford high sensitivity and 
specificity, expensive equipment and rigorous quality control 

are required.8-10

Recently, the VE1 antibody, a monoclonal antibody against 
the BRAFV600E mutant protein, was investigated in terms of 
its detection of the BRAFV600E mutation.9 Although VE1 
immunostaining revealed a high concordance rate with molecu-
lar methods in surgical specimens of PTC,10-12 evaluation of 
VE1 in thyroid cytology samples is rarely performed, and its 
diagnostic value in cytology has not been well established.13-16 
In the present study, we evaluated the use of the VE1 antibody 
in cytology samples from ex vivo thyroid PTC specimens in or-
der to overcome the drawbacks of fine-needle aspiration (FNA) 
including low cellularity and sampling/targeting errors,13,15,16 
and the results were compared to the data from corresponding 
PTC tissues.

MATERIALS AND METHODS

This study was approved by the Ajou University Hospital In-
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stitutional Review Board (AJIRB-BMR-OBS-13-342). Cytolo-
gy samples were obtained from fresh ex vivo PTC tissues imme-
diately following surgical resection in cases that provided 
informed consent. After gross examination of fresh PTC speci-
mens, cytology samples were obtained by scraping representa-
tive cancerous areas. Smear slides were prepared and stained with 
hematoxylin and eosin to explore the adequacy of liquid-based 
cytology (LBC). In later evaluations, LBC slides were prepared 
using the BD SurePath method employing CytoRich Red 
(TriPath Inc., Burlington, NC, USA). PTC tissues were fixed in 
4% buffered formalin and, after embedding in paraffin, pro-
cessed for histology and ancillary tests.

Immunohistochemistry and immunocytochemistry

Formalin-fixed, paraffin-embedded tissue blocks that includ-
ed the cytology-sampled lesion were sectioned at a 4-μm slice 
thickness and deparaffinized for immunohistochemistry (IHC). 
VE1 immunostaining was performed using the aid of a Bench-
mark XT automated IHC platform (Ventana Medical Systems, 
Tucson, AZ, USA), as described previously.16 Briefly, after cell 
conditioning (conditioner 1) for 64 minutes and inhibition of 
the preprimary peroxidase, slides were incubated with the VE1 
antibody (1:50, Spring Bioscience, Pleasant, CA, USA) at 37°C 
for 32 minutes. Primary antibodies were detected using an Op-
tiView DAB IHC Detection kit (Ventana Medical Systems) fol-
lowing incubation with hematoxylin and a bluing reagent (4 
minutes each). For immunocytochemistry (ICC), unstained 
LBC slides were fixed in 95% ethyl alcohol for a minimum of 
30 minutes. The ICC protocol was identical to that of IHC, ex-
cept that the cells were not conditioned.

Two pathologists (J.-H.K. and Y.H.K), blinded to the mo-
lecular findings, assessed all IHC and ICC data independently; 
any difference in the interpretation was resolved by consensus. 
The extent of VE1 staining was graded from 0 to 3: 0, negative; 
1, VE1 staining in < 30% of cells; 2, VE1 staining in 30%–80% 
of cells; and 3, VE1 staining in > 80% of cells. In terms of cyto-
plasmic staining of follicular cells, intensity was also graded from 
0 to 3: 0, negative; 1, weak; 2, moderate; and 3, strong. In defin-
ing BRAFV600E mutation, VE1 immunostaining was consid-
ered positive if the intensity of cytoplasmic staining was grade 
2 or 3, regardless of the overall extent of staining.13,16 

In cases of discrepancy between immunostaining and molec-
ular results, we repeated immunostaining with a different meth-
od, the Ultravision LP Detection System (Thermo Fisher Scien-
tific, Fremont, CA, USA), and re-evaluated the results. 

Detection of the BRAFV600E mutation

For genomic DNA isolation, formalin-fixed, paraffin-embed-
ded tissue blocks were sectioned at 10-μm thickness. Genomic 
DNA was extracted from manually microdissected tumor areas 
from each tissue section using the QIAamp DNA FFPE Tissue 
Kit (Qiagen, Hilden, Germany) according to the manufactur-
er’s instructions. To detect the BRAFV600E mutation, mutant 
enrichments with 3’-modified oligonucleotide sequencing were 
performed to confirm the presence or absence of the BRAFV600E 
mutation, employing primers and PCR conditions as described 
previously.7 Results were analyzed using Sequencher 4.10 soft-
ware (Gene Codes, Ann Arbor, MI, USA).

In cases of discrepancy between immunostaining and molec-
ular results, we repeated molecular testing with a different meth-
od, the PNAClamp Technology (Panagene, Daejeon, Korea), 
and re-evaluated the results. 

RESULTS

VE1 immunostaining of LBC material and formalin-fixed, 
paraffin-embedded tissue sections of the corresponding areas was 
performed in 21 ex vivo PTC specimens. Clinicopathological 
characteristics of the 21 cases are summarized in Table 1. Of 
these, 19 were classic PTC cases, and two were follicular vari-
ants of PTC. The results of VE1 immunostaining according to 
BRAFV600E mutation status are shown in Table 2. Of the 21 
cases, VE1 IHC of the 19 classic PTC cases exhibited diffuse im-
munoexpression with moderate or strong intensity, whereas 
staining in the two follicular variants was weak. Upon VE1 ICC, 
however, only 11 PTC cases (52.4%) exhibited diffuse immu-
noexpression (Table 3). The remaining cases yielded focal (2 cas-
es, 9.5%) or multifocal (8 cases, 38.1%) immunostaining pat-
terns (Fig. 1). Of the 21 cases with VE1 ICC, only 11 (52.4%) 
exhibited immunostaining intensity as strong as that of the cor-
responding VE1 IHC staining. In six cases (28.6%), immunos-
taining intensity was weaker than VE1 IHC staining, and in four 
cases (19.4%), VE1 immunostaining intensity was stronger 
than VE1 IHC staining (Table 4). VE1 immunostaining was in-
terpreted as positive in 19 IHC and 20 ICC specimens (Table 5). 
We varied the molecular and immunohistochemical methods 
in cases of discrepancy between VE1 immunostaining and mo-
lecular results, but the results were similar (Appendices 1–3). 
In terms of the BRAFV600E mutation, VE1 immunostaining 
exhibited 100% sensitivity and 100% specificity with IHC but 
94.7% sensitivity and 0% specificity with ICC. 
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DISCUSSION

Clinical applications of VE1 immunostaining in terms of thy-

roid cytology evaluation are of great interest because PTC diag-
nosis in daily clinical practice is generally based on thyroid FNA 
cytology; immunostaining is simple, inexpensive, and routinely 

Table 1. Clinicopathological characteristics of 21 cases of papillary thyroid carcinoma

Case No. Sex Age (yr) Histological type Tumor diameter (cm) T stage N stage BRAFV600E mutation

1 F 49 Classic 1 T3 N1a Present
2 F 51 Classic 1.2 T3 N0 Present
3 M 43 Classic 0.7 T3 N1a Present
4 F 30 Classic 0.9 T3 N0 Present
5 F 35 Classic 1.2 T3 N1a Present
6 M 48 Classic 0.9 T1a N0 Present
7 F 30 Classic 1.2 T3 N1a Present
8 M 26 FVPTC 1.4 T3 N1a Absent
9 F 60 Classic 1.8 T3 N1a Present
10 F 56 Classic 1 T3 N1a Present
11 F 63 Classic 0.8 T3 N1b Present
12 M 69 Classic 1.3 T3 N1a Present
13 F 48 Classic 0.8 T3 N0 Present
14 F 59 Classic 1 T3 N0 Present
15 F 46 Classic 1.5 T1b N1a Present
16 F 62 Classic 1.2 T1b N0 Present
17 F 54 Classic 1 T3 N0 Present
18 F 63 Classic 3.3 T3 N1a Present
19 F 42 Classic 0.7 T1a N1a Present
20 M 69 Classic 0.8 T1a N0 Present
21 F 52 FVPTC 1.2 T3 N0 Absent

FVPTC, follicular variant papillary thyroid carcinoma.

Table 2. VE1 immunoexpression and mutation status (BRAFV600E) in 21 cases of papillary thyroid carcinoma

Case No.
Liquid-based cytology Histology BRAFV600E 

mutationDistribution Intensity Distribution Intensity

1 2+ 3+ 3+ 3+ Present
2 2+ 2+ 3+ 3+ Present
3 1+ 1+ 3+ 3+ Present
4 2+ 2+ 3+ 3+ Present
5 3+ 3+ 3+ 3+ Present
6 1+ 2+ 3+ 2+ Present
7 2+ 3+ 3+ 3+ Present
8 2+ 2+ 3+ 1+ Absent
9 2+ 3+ 3+ 3+ Present
10 2+ 2+ 3+ 3+ Present
11 3+ 3+ 3+ 2+ Present
12 3+ 3+ 3+ 2+ Present
13 3+ 3+ 3+ 3+ Present
14 3+ 3+ 3+ 3+ Present
15 3+ 3+ 3+ 3+ Present
16 3+ 3+ 3+ 3+ Present
17 3+ 3+ 3+ 3+ Present
18 3+ 3+ 3+ 3+ Present
19 3+ 2+ 3+ 3+ Present
20 3+ 2+ 3+ 3+ Present
21 2+ 2+ 3+ 1+ Absent

Distributions of VE1-positive cells: 0+, 0%; 1+, < 30%; 2+, 30%–80%; and 3+, > 80%. Intensities of VE1-positive cells: 0+, none; 1+, weak; 2+, moderate; 
and 3+, strong.
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performed in most pathology laboratories. Moreover, VE1 im-
munostaining is not dependent on DNA quality or the propor-
tion of tumor cells in a FNA sample and allows for in situ assess-
ment of tumor cells expressing the BRAFV600E mutant protein 
at a single-cell level.13,16

In the present study, we evaluated the VE1 antibody in thyroid 
cytology using LBC specimens obtained directly from surgical-

Table 3. Distribution of VE1 expression evaluated via ICC and IHC

Distribution of VE1 
ICC

< 30% 30–80% > 80%

IHC
< 30% - - -
30%–80% - - -
> 80% 2 8 11

ICC, immunocytochemistry; IHC, immunohistochemistry.
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Fig. 1. The extent of VE1 immunoexpression in representative cases evaluated histologically (A, E, I, M) and cytologically (B–D, F–H, J–L, N–
P). (A, E, I) Diffuse VE1 positivity in classic papillary thyroid carcinomas. (M) VE1 negativity in follicular variant papillary thyroid carcinoma. (B–
D) Diffuse VE1 positivity in corresponding cytology. (F–H) Multifocal VE1 positivity in corresponding cytology. (J–L) Focal VE1 positivity in cor-
responding cytology. (N–P) Multifocal VE1 positivity in corresponding cytology.

Table 4. Intensities of VE1 expression evaluated via ICC and IHC

Intensity of VE1
ICC

Weak Moderate Strong

IHC
Weak - 2 -
Moderate - 1 2
Strong 1 5 10

ICC, immunocytochemistry; IHC, immunohistochemistry.

Table 5. Comparison between BRAFV600E mutation and VE1 ex-
pression statuses evaluated via ICC and IHC

BRAFV600E
mutation

VE1 ICC VE1 IHC

Negative Positive Negative Positive

Absence 0 2 2 0
Presence 1 18 0 19

ICC, immunocytochemistry; IHC, immunohistochemistry.
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ly resected ex vivo PTC specimens, because previous studies have 
suggested that the lower sensitivity and specificity of VE1 ICC 
compared to those of VE1 IHC might be related to the limita-
tions of thyroid FNA cytology such as the extent of cellularity and 
the representative nature of the obtained thyroid tissue.13,15,16 In 
the present study, all 21 LBC samples contained predominantly 
tumor cells, representing the cancerous area of each PTC speci-
men, and had an optimal cellularity for evaluation with VE1 
ICC. Our data showed that the VE1 antibody had a higher sen-
sitivity (94.7%) than that afforded by FNA cytology. Rossi et 
al.15 and Lee et al.13 reported sensitivities of 82.0% and 88.8%, 
respectively, when the VE1 antibody was evaluated in LBC sam-
ples. Wobker et al.14 evaluated the VE1 antibody using smears 
of thyroid FNA material, but the detection sensitivity (63.6%) 
was less than that afforded by LBC samples. 

Although the cytology specimen in the present study was 
more representative of the corresponding histology than the cy-
tology of FNA samples, the VE1 immunostaining patterns in 
ICC differed from those in IHC. All PTCs with BRAFV600E 
mutation showed diffuse positivity in VE1 IHC, as in previous 
studies,10,12,17 suggesting that the BRAFV600E mutation rep-
resents a clonal event during PTC development.17 Using ICC, 
however, only 11 PTCs (57.9%) with the BRAFV600E muta-
tion revealed diffuse positivity; other cases exhibited focal or 
multifocal positivity. Variations in the intensities and proportions 
of VE1-positive tumor cells in the same samples were also not-
ed in earlier studies using FNA material.14-16 Staining variability 
can be influenced by storage duration, technical problems, or 
fixation type.14,15,18 In the present study, ICC on LBC was per-
formed within 48 hours after sampling. In an attempt to elimi-
nate technical problems, VE1 ICC was performed using differ-
ent methods, but the results were similar (Appendix 1). It has 
been suggested that ethanol-based fixation destabilizes proteins 
not only in histology,19 but also in cytology.18 We used a metha-
nol- and isopropanol-based preservative (CytoRich Red) con-
taining 1% formalin as a fixative, which is known to be more 
compatible with ICC than an ethanol-based fixative.18 None-
theless, we found that VE1 ICC was less sensitive than IHC in 
detecting BRAFV600E mutation. Previous studies found that 
the extent of disagreement between ICC and IHC was 7.2%–
34.7% and suggested that differences in fixation methods might 
explain the observed discrepancies.14-16 Our results also indicate 
that differences in fixation between ICC and IHC are a major 
contributing factor resulting in different VE1 immunoexpres-
sion in the same tissue samples.

Upon IHC, VE1 was detected with high specificity, but the 

ICC specificity was 0% because one PTC harboring the 
BRAFV600E mutation was negative for VE1, while two follic-
ular variant PTCs lacking the BRAFV600E mutation were pos-
itive for VE1 immunostaining. We varied the molecular and 
immunohistochemical methods used, but the results were simi-
lar (Appendices 2, 3). To evaluate the specificity, the number of 
wild-type PTC samples in the present study was too small. 
Nonetheless, false positivity of VE1 in thyroid cytology should 
not be underestimated. Nonspecific staining of colloids, macro-
phages, and follicles containing colloids or stroma has been 
suggested to hamper the interpretation of VE1 ICC.13-16 One 
recent study showed that the VE1 antibody cross-reacted with 
certain ciliary structural proteins, inducing VE1 false positivi-
ty.20 Some proteins expressed in endocrine organs, including 
α-ketoglutarate-dependent dioxygenase alk-B homolog 7, eu-
karyotic translation initiation factor 2-α kinase 4, polo-like kinase-
1δ, potassium channel tetramerization domain-containing 4, and 
solute carrier family 4 (anion exchanger) member 3, also share 
sequence similarities with the peptide immunogen used to gen-
erate the VE1 antibody.20 Such cross-reactivities might possibly 
explain the nonspecific staining of, or false-positivity for, VE1 in 
thyroid PTC samples. 

This study has several limitations, mostly stemming from its 
small number of cases. Nonetheless, the results from the pres-
ent study suggest that VE1 ICC is less specific than VE1 IHC in 
detecting the BRAFV600E mutation. For clinical application 
of the VE1 antibody in thyroid cytology, further evaluation and 
optimization of VE1 immunostaining in cytology specimens 
are essential.

Conflicts of Interest
No potential conflict of interest relevant to this article was 

reported.

Acknowledgments
We thank So Hyun Park for her contribution of immunos-

taining, Seung Jung Jo for her kind help in cytologic prepara-
tions, and Se Hwa Son for her assistance in molecular works. Fi-
nally, we acknowledge the late Ga-Young Lee, M.D., a former 
member of our pathology department, for her substantial con-
tribution during the early stages of this work.

This study was supported by a grant (2012R1A1A2004721) 
of the National Research Foundation of Korea (NRF) to Jang-
Hee Kim.



http://jpatholtm.org/http://dx.doi.org/10.4132/jptm.2015.10.10

Diagnostic Value of the VE1 in Thyroid Cytology  •     63

REFERENCES

1. Davies H, Bignell GR, Cox C, et al. Mutations of the BRAF gene in 

human cancer. Nature 2002; 417: 949-54.

2. Rajagopalan H, Bardelli A, Lengauer C, Kinzler KW, Vogelstein B, 

Velculescu VE. Tumorigenesis: RAF/RAS oncogenes and mis-

match-repair status. Nature 2002; 418: 934.

3. Xing M. BRAF mutation in thyroid cancer. Endocr Relat Cancer 

2005; 12: 245-62.

4. Kim JH, Paulus W, Heim S. BRAF V600E mutation is a useful 

marker for differentiating Rathke’s cleft cyst with squamous meta-

plasia from papillary craniopharyngioma. J Neurooncol 2015; 123: 

189-91.

5. Ascierto PA, Minor D, Ribas A, et al. Phase II trial (BREAK-2) of the 

BRAF inhibitor dabrafenib (GSK2118436) in patients with meta-

static melanoma. J Clin Oncol 2013; 31: 3205-11.

6. Tiacci E, Trifonov V, Schiavoni G, et al. BRAF mutations in hairy-

cell leukemia. N Engl J Med 2011; 364: 2305-15.

7. Lee ST, Kim SW, Ki CS, et al. Clinical implication of highly sensitive 

detection of the BRAF V600E mutation in fine-needle aspirations of 

thyroid nodules: a comparative analysis of three molecular assays 

in 4585 consecutive cases in a BRAF V600E mutation-prevalent 

area. J Clin Endocrinol Metab 2012; 97: 2299-306.

8. Kim YH, Choi SE, Yoon SO, Hong SW. A testing algorithm for de-

tection of the B-type Raf kinase V600E mutation in papillary thy-

roid carcinoma. Hum Pathol 2014; 45: 1483-8.

9. Ritterhouse LL, Barletta JA. BRAF V600E mutation-specific anti-

body: a review. Semin Diagn Pathol 2015; 32: 400-8.

10. Zagzag J, Pollack A, Dultz L, et al. Clinical utility of immunohisto-

chemistry for the detection of the BRAF V600E mutation in papil-

lary thyroid carcinoma. Surgery 2013; 154: 1199-204.

11. Routhier CA, Mochel MC, Lynch K, Dias-Santagata D, Louis DN, 

Hoang MP. Comparison of 2 monoclonal antibodies for immuno-

histochemical detection of BRAF V600E mutation in malignant 

melanoma, pulmonary carcinoma, gastrointestinal carcinoma, thy-

roid carcinoma, and gliomas. Hum Pathol 2013; 44: 2563-70.

12. Koperek O, Kornauth C, Capper D, et al. Immunohistochemical 

detection of the BRAF V600E-mutated protein in papillary thyroid 

carcinoma. Am J Surg Pathol 2012; 36: 844-50.

13. Lee SR, Yim H, Han JH, et al. VE1 antibody is not highly specific 

for the BRAF V600E mutation in thyroid cytology categories with 

the exception of malignant cases. Am J Clin Pathol 2015; 143: 437-44.

14. Wobker SE, Kim LT, Hackman TG, Dodd LG. Use of BRAF V600E 

immunocytochemistry on FNA direct smears of papillary thyroid 

carcinoma. Cancer Cytopathol 2015; 123: 531-9.

15. Rossi ED, Martini M, Capodimonti S, et al. Analysis of immunocy-

tochemical and molecular BRAF expression in thyroid carcinomas: 

a cytohistologic institutional experience. Cancer Cytopathol 2014; 

122: 527-35.

16. Zimmermann AK, Camenisch U, Rechsteiner MP, Bode-Lesniews-

ka B, Rössle M. Value of immunohistochemistry in the detection of 

BRAF(V600E) mutations in fine-needle aspiration biopsies of pap-

illary thyroid carcinoma. Cancer Cytopathol 2014; 122: 48-58.

17. Ghossein RA, Katabi N, Fagin JA. Immunohistochemical detection 

of mutated BRAF V600E supports the clonal origin of BRAF-in-

duced thyroid cancers along the spectrum of disease progression. J 

Clin Endocrinol Metab 2013; 98: E1414-21.

18. Kawahara A, Taira T, Abe H, et al. Fixation effect of SurePath pre-

servative fluids using epidermal growth factor receptor mutation-

specific antibodies for immunocytochemistry. Cancer Cytopathol 

2014; 122: 145-52.

19. Dvorak K, Aggeler B, Palting J, McKelvie P, Ruszkiewicz A, War-

ing P. Immunohistochemistry with the anti-BRAF V600E (VE1) an-

tibody: impact of pre-analytical conditions and concordance with 

DNA sequencing in colorectal and papillary thyroid carcinoma. 

Pathology 2014; 46: 509-17.

20. Jones RT, Abedalthagafi MS, Brahmandam M, et al. Cross-reactivity 

of the BRAF VE1 antibody with epitopes in axonemal dyneins leads 

to staining of cilia. Mod Pathol 2015; 28: 596-606.



http://jpatholtm.org/ http://dx.doi.org/10.4132/jptm.2015.10.10

64     •  Kim YH, et al.

Appendix 1. VE1 immunoexpression in histology and cytology of case 3 with manual method using the Ultravision LP Detection System 
(Thermo Fisher Scientific). (A) Diffuse and strong VE1 expression in histology of case 3. (B–D) Focal VE1 expression in corresponding cytology.
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Appendix 2. VE1 immunoexpression in histology and cytology of case 8 with manual method using the Ultravision LP Detection System 
(Thermo Fisher Scientific). (A) Negative VE1 expression in histology of case 8. (B–D) Multifocal VE1 expression in corresponding cytology.
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Appendix 3. No BRAFV600E mutation in case 8 and case 21 by peptide nucleic acid clamping method.


