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Abstract

Biotinidase was identified in secretome analysis of thyroid cancer cell lines using proteomics. The goal of the current study
was to analyze the expression of biotinidase in thyroid cancer tissues and fine needle aspiration (FNA) samples to evaluate
its diagnostic and prognostic potential in thyroid cancer. Immunohistochemical analysis of biotinidase was carried out in
129 papillary thyroid cancer (PTC, 34 benign thyroid tissues and 43 FNA samples and correlated with patients’ prognosis.
Overall biotinidase expression was decreased in PTC compared to benign nodules (p =0.001). Comparison of aggressive and
non-aggressive PTC showed decrease in overall biotinidase expression in the former (p=0.001). Loss of overall biotinidase
expression was associated with poor disease free survival (p=0.019, Hazards ratio (HR)=3.1). We examined the effect of
subcellular compartmentalization of nuclear and cytoplasmic biotinidase on patient survival. Decreased nuclear expression
of biotinidase was observed in PTC as compared to benign tissues (p<<0.001). Upon stratification within PTC, nuclear
expression was reduced in aggressive as compared to non-aggressive tumors (p<<0.001). Kaplan-Meier survival analysis
showed significant association of loss of nuclear biotinidase expression with reduced disease free survival (p=0.014,
HR =5.4). Cytoplasmic biotinidase expression was reduced in aggressive thyroid cancers in comparison with non-aggressive
tumors (p =0.002, Odds ratio (OR) =0.29) which was evident by its significant association with advanced T stage (p =0.003,
OR=0.28), nodal metastasis (p<<0.001, OR=0.16), advanced TNM stage (p<<0.001, OR=0.21) and extrathyroidal extension
(p=0.001, OR=0.23). However, in multivariate analysis extrathyroidal extension emerged as the most significant prognostic
marker for aggressive thyroid carcinomas (p=0.015, HR=12.8). In conclusion, loss of overall biotinidase expression is a novel
marker for thyroid cancer aggressiveness.
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Introduction survival rate is 4 months) [3,4]. Anaplastic thyroid cancer and
aggressive variants of papillary thyroid cancer, follicular and
metastatic thyroid cancers have high risk of recurrence, shortened
disease free survival and death within 5 to 10 years [3].
Furthermore, anaplastic thyroid cancer is highly resistant to
conventional cancer therapy. Consequently, anaplastic thyroid
cancer and aggressive variants are the source of significant
morbidity and mortality in a disease that otherwise boasts of an
excellent prognosis. The key to narrowing the wide gap of
prognosis between aggressive and non-aggressive variants is to
detect the instigating factor(s) that are responsible for aggressive
behavior. Currently, there is a lack of molecular markers to predict
the aggressiveness of thyroid cancer.

At present, fine-needle aspiration (FINA) is the most commonly
used pre-operative technique for diagnosis of thyroid nodules
>1 cm in size. However, even the use of ultrasound-guided FNA

Thyroid cancer is the most common malignant endocrine
tumor and accounts for >90% of cancers of the endocrine glands,
with an estimated annual incidence of 122,803 cases worldwide
[1]. Most thyroid cancers have an excellent prognosis; both
papillary and follicular thyroid cancers have about 85% to 90%
cure rates, if detected early and treated appropriately. However,
a small percentage is in fact aggressive and may develop distant
metastasis leading to higher mortality [2]. In view of the more
rapid increase in the incidence of thyroid cancer than any other
solid tumor (about 3 per 100,000 people per year), anaplastic
thyroid cancer and other aggressive variants pose a major
challenge to oncologists [3]. Anaplastic thyroid cancer accounts
for less than 2% of all thyroid cancers, yet, it causes up to 50% of
deaths from this malignancy annually; 90% of anaplastic thyroid
cancer patients die within 6 months of diagnosis (the median
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is often beset with inconclusive biopsy results (10-20% of all cases)
[5]. These patients undergo subsequent thyroidectomy, an in-
vasive procedure that is often unnecessary as the majority of the
suspected lesions are benign (>80%) [6]. In addition, recurrent
cases require additional treatment in the form of surgery or
radioactive iodine ablation that further compromises their quality
of life. The time is ripe for early identification of aggressive cases
through biomarker(s) detection and categorization of high risk
patients. Hence, there is an urgent need for identifying biomarkers
that can be used as an adjunct to FNA to distinguish benign
thyroid nodules from malignant tumors (especially for more
accurate diagnosis of indeterminate cases) and aid discrimination
of aggressive thyroid cancers from their non-aggressive counter-
parts post-surgery to better define patient management.

In search of new cancer biomarkers for this malignancy, we
analyzed the secretome from thyroid cancer cell lines to identify
cancer-relevant secreted proteins that can serve as potential
biomarkers [7]. One of the candidate proteins identified in our
study was biotinidase, an enzyme that catalyzes the hydrolysis of
biocytin, the product of biotin-dependent carboxylase degrada-
tion, to biotin and lysine. Biotin deficiency may lead to the
decreased activity of holocarboxylase synthetase, an enzyme which
mediates the binding of biotin to histones [8], a crucial component
of epigenetic events that regulate chromatin structures and gene
function. Low level of biotinidase was observed in aggressive
anaplastic derived cell line (CAL-62) as compared to the non-
aggressive papillary derived thyroid cancer cell line (TPC-1). The
clinical relevance was suggested by demonstrating reduced levels
of biotinidase in aggressive thyroid cancer patients’ sera as
compared to the non-aggressive and benign patients’ sera by
western blotting [7]. In the current study, our main objective was
to determine the clinical significance of biotinidase as a marker to
distinguish benign thyroid and malignant tumors as well as to
stratify aggressive and non-aggressive PTC that could serve as
a potential tool for improved management of this malignancy.

Materials and Methods

Clinicopathological Characteristics of Patients and Tissue

Specimens

This study was approved by the Research Ethics Board of
Mount Sinai Hospital, Toronto, Ontario, Canada. Archived
formalin-fixed paraffin-embedded tissue blocks from the Mount
Sinai Hospital Tumor Bank were retrieved, reviewed by the
pathologist (CM), and cut to provide 5 pm-thick sections for
immunohistochemical staining. Diagnoses were derived from
histopathological analyses and clinical examination. Benign cases
included multinodular goiters, hyperplastic nodules, and follicular
adenomas, whereas all non-aggressive and aggressive tumors
examined here were well-differentiated papillary thyroid carcino-
mas which included the following variants: classic, follicular,
oncocytic, diffuse sclerosing, and tall cell. Defining features of
tumor aggressiveness were TNM stage IV classification, distant
metastasis, perineural invasion, and disease recurrence or persis-
tence. Additional consideration was given to the following
potential risk factors of aggressiveness including: TINM stage III,
vascular invasion, extrathyroidal extension, lymph node metasta-
sis, and non-classical papillary thyroid cancer variant type
(especially the presence of three or more of these factors in the
cases examined).

Based on these criteria, the 163 tissue samples examined in this
study were categorized as 34 benign (median age: 51 years; range:
16 to 76 years), 81 non-aggressive (median age: 44 years; range:
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23 to 71 years), and 48 aggressive (median age: 52 years; range: 21
to 86 years) tumors.

Formalin-fixed paraffin-embedded cell blocks from fine-needle
aspiration preparations from 43 patients were similarly obtained
from the Mount Sinai Hospital Tumor Bank and each sample
diagnosis was confirmed by histological examination of the
respective thyroidectomy specimen (CM). Accordingly, the FNA
samples were categorized as 23 benign, 13 non-aggressive, and 7
aggressive cases.

The patient follow up data were retrieved from the clinical
database to correlate the protein expression in tumors with clinical
outcome for evaluation of the prognostic relevance of biotinidase.
The patients were followed up for a maximum period of
19.5 years.

Immunohistochemical Analysis of Biotinidase Expression
in Thyroid Carcinomas and FNA Samples

Slides were immunostained as described previously [9], using o-
biotinidase K-17 rabbit polyclonal antibody (Santa Cruz Bio-
technology; 1:100 dilution) raised against a peptide mapping to an
internal region of human biotinidase. The antigen retrieval was
performed with Tris-EDTA buffer (10 mM Tris base and 1 mM
EDTA with 0.05% Tween 20, pH 9.0) in a microwave for 20 min.
In the negative control tissue sections, the primary antibody was
replaced by isotype-specific non-immune mouse IgG. The sections
were evaluated by light microscopic examination. Images were
captured using the Visiopharm Integrator System (Horsholm,
Denmark).

Evaluation of Immunohistochemical Staining

Immunopositive staining was evaluated in five areas of the tissue
sections as described [9]. Sections were scored as positive if
epithelial cells showed immunopositivity in the cytoplasm, and/or
nucleus when observed by two evaluators who were blinded to the
clinical outcome. These sections were scored as follows: 0,
<10% cells; 1, 10-30% cells; 2, 30-50% cells; 3, 50-70% cells;
and 4, >70% cells showed immunoreactivity. Sections were also
scored semi-quantitatively on the basis of intensity as follows: 0,
none; 1, mild; 2, moderate; and 3, intense. Finally, a total score
(ranging from O to 7) was obtained by adding the scores of
percentage positivity and intensity for each of the benign thyroid
and malignant tumor tissue sections. The immunohistochemical
data were subjected to statistical analysis.

Follow-up Study

Of the 129 thyroid cancer cases, follow-up data were available
for 116 (90%) patients, while 13 patients (10%) were lost to follow-
up. Thyroid cancer patients were monitored for a maximum
period of 19.5 years (Range 2-234 months; mean 43 months and
median 29 months). Recurrence with or without metastases was
observed in 19 of 116 (16.4%) patients monitored during the
follow-up. Ninety seven patients who did not show recurrence
were alive until the end of the follow-up period. Disease-free
survival was expressed as the number of months from the date of
surgery to recurrence or till the last possible follow up in case of
patients who are disease free.

Statistical Analysis

The immunohistochemical data were subjected to statistical
analysis using SPSS 17.0 software (SPSS Inc., Chicago, IL).
Scatter plots were used to determine the distribution of
cytoplasmic, nuclear and overall biotinidase expression in benign,
non-aggressive and aggressive thyroid cancers. Sensitivity and
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Figure 1. Immunohistochemical analysis of biotinidase in thyroid tissues. Paraffin embedded sections of benign thyroid nodules and
malignant tumors were stained using anti-biotinidase polyclonal antibody as described in the Methods section: a) Benign tissue section showing
nuclear and overall biotinidase immunostaining; b) Papillary non-aggressive thyroid cancer section illustrating reduction in nuclear staining and
increase of cytoplasmic biotinidase immunostaining in the tumor cells; c) Papillary aggressive thyroid cancer section showing reduced overall
(nuclear and cytoplasmic) biotinidase immunostaining; d) Thyroid cancer section used as a negative control, showing no immunoreactivity in cells (a—

d, original magnification x 400).
doi:10.1371/journal.pone.0040956.g001

specificity were calculated and quantified using receiver operating
characteristic (ROC) analysis. Based on the optimal sensitivity and
specificity as revealed by ROC analysis, cut-offs were generated
for biotinidase protein expression. For overall biotinidase expres-
sion, a cut-off value of =3.6 was defined as positive immunore-
activity for statistical analysis. A cut-off value of =2 and =4 was
defined as positive criterion for individual nuclear and cytoplasmic
biotinidase immunopositivity respectively for detailed statistical
examination. The relationships between biotinidase expression
and clinicopathological parameters were tested using Chi-Square
and Fischer’s exact test. Two-sided p values were calculated and
p<<0.05 was considered to be significant. Prognostic significance of
overall, nuclear and cytoplasmic biotinidase expression was
assessed by Kaplan-Meier survival and multivariate Cox-pro-
portional Hazards regression analysis.

Results

Immunohistochemical Analysis of Biotinidase Expression
in Thyroid Tissues

Of the 34 benign tissues analyzed, 33 tissues (97.1%) showed
overall as well as nuclear accumulation of biotinidase protein
(Table 1, Figure la). Cytoplasmic expression of biotinidase was
observed in 9 (26.5%) benign tissues (Table 1). Among the
malignant thyroid tissues, 39/129 (30.2%) demonstrated loss of
overall (both in nucleus and cytoplasm) biotinidase expression.
Upon stratification into nuclear and cytoplasmic subcellular
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compartments, 84/129 cases (65.1%) showed loss of nuclear
biotinidase and 87/129 (67.4%) showed increased cytoplasmic
expression in tumor cells (Table 1, Figure 1b). Notably, loss of
overall as well as nuclear biotinidase and increase in cytoplasmic
biotinidase expression was significant in malignant tumors in
comparison to benign nodules (p=0.001, p<<0.001, p<<0.001
respectively Table 1). In aggressive thyroid cancer, there was
significant reduction in overall biotinidase expression (p =0.001) at
both nuclear (p<<0.001) and cytoplasmic (p=0.002) levels as
compared to non-aggressive thyroid tumors (Table 1, Figures lc
and 2). No immunostaining was observed in tissue sections used as
negative controls where the primary antibody was replaced by
isotype specific IgG (Figure 1d).

Reduced Overall Biotinidase Expression Correlated with

Tumor Aggressiveness

The reduction in overall biotinidase expression significantly
correlated with advanced T stage (p=0.001, OR =4.29), nodal
metastasis (p<<0.001, OR =6.96), Stage III+IV tumors (p =0.001,
OR =4.65), and extrathyroidal extension (p<<0.001, OR =5.27).
Furthermore, loss of cytoplasmic and nuclear biotinidase in-
dividually also showed significant association with advanced T
stage (p=0.003, p<0.001 respectively), nodal metastasis
(p<<0.001, p<<0.001 respectively), stage III+IV tumors (p<<0.001,
p=0.002 respectively), and extrathyroidal extension (p=0.001,
p =0.003 respectively; Table 1). These findings suggest that the
loss of biotinidase at both cytoplasmic (p=0.002, Table 1) and

July 2012 | Volume 7 | Issue 7 | e40956
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Figure 2. Scatter plot analysis of biotinidase nuclear, cytoplasmic and overall expression. Scatter plots showing distribution of total
immunostaining scores determined by IHC of tissue sections of benign (n=34), non-aggressive (n=81) and aggressive (n=48) thyroid cancer tissues.
The vertical axis gives the total immunohistochemical score as described in the Methods. a) Decreased nuclear accumulation of biotinidase was
observed in aggressive and non-aggressive thyroid cancers analyzed. Scatter plot shows the reduction in nuclear biotinidase immunostaining with
increasing tumor aggressiveness; b) Increased cytoplasmic accumulation of biotinidase was observed in the thyroid cancer analyzed with reduction in
expression in aggressive compared to non-aggressive PTC; c) Scatter plot showed reduced overall biotinidase immunostaining with increasing tumor

aggressiveness.
doi:10.1371/journal.pone.0040956.9002

nuclear (p<<0.001, Table 1) level is associated with aggressive
phenotype of thyroid cancer. The association of reduction in
nuclear and cytoplasmic biotinidase to these clinical parameters
provides additional credibility to the loss of overall biotinidase
correlating significantly with tumor aggressiveness (p=0.001,
Table 1).

Potential of Biotinidase as a Biomarker for Thyroid Cancer

Receiver operating characteristic curve analysis was used to
determine the potential of biotinidase expression as a biomarker to
distinguish benign nodules and malignant tumors (Table 2). Loss
of overall and nuclear as well as increased cytoplasmic expression
of biotinidase distinguished benign tissues from malignant tumors
with AUC values of 0.816, 0.972 and 0.662 respectively (Figure 3,
Table 2). Upon stratification of cancer into aggressive and non-

aggressive thyroid cancer.

aggressive tumors, reduced overall, nuclear and cytoplasmic
expression of biotinidase was observed in aggressive thyroid
cancers with AUC values of 0.715, 0.696 and 0.347 respectively.
(Figure 3, Table 2).

Detection of Biotinidase Expression in Fine Needle
Aspirates of Thyroid Cancer Patients Samples

We analyzed the expression of biotinidase in 23 benign and 20
malignant thyroid FNA samples (Figure 4). Similar pattern of
expression was observed in FNA sections as observed in the
surgically resected thyroid tissue samples. Significant reduction in
overall biotinidase expression was observed upon comparing
benign FNA sections (23/23, 100%) to malignant sections (13/20,
65%) (p=0.002). All the benign FNA sections showed nuclear
expression (23/23, 100%) of biotinidase protein as compared to

Table 2. Receiver operating characteristic curve analysis of biotinidase expression in benign vs malignant and aggressive vs non-

Benign vs Malignant Thyroid

Asymptotic
Biotinidase AUC Sensitivity (%) Specificity (%) NPV (%) PPV (%) significance
Cytoplasmic 0.662 66.9 74.0 36.2 90.8 <0.001
Nuclear loss 0.972 97.1 65.0 1.1 58.2 <0.001
Overall loss 0.816 79.4 69.2 53 59.7 <0.001
Aggressive vs Non-aggressive PTC
Biotinidase AUC Sensitivity (%) Specificity (%) NPV (%) PPV (%) Asymptotic
significance
Cytoplasmic 0.347 76.2 49.0 719 54.4 0.003
Nuclear loss 0.696 46.4 85.7 84.8 483 <0.001
Overall loss 0.715 42.9 89.8 71.7 56.1 <0.001

doi:10.1371/journal.pone.0040956.t002
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AUC, area under the curve; NPV, negative predictive value; PPV, positive predictive value.
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Figure 3. ROC curves analyses of cytoplasmic, nuclear and overall biotinidase expression in thyroid cancers. The vertical axis of each
curve indicates sensitivity and the horizontal axis indicates the 1-specificity. The sensitivity, specificity, and AUC values are summarized in Tables 2a

and 2b.
doi:10.1371/journal.pone.0040956.g003

thyroid cancer sections (13/20, 65%; p=10.002). Cytoplasmic
expression of biotinidase was observed in 6/23 (26.1%) benign
cases as compared to 2/20 (10%) in thyroid cancer cases (p =0.25,
OR=0.315, 95% C.I.=0.056—1.78). Upon comparison of
aggressive and non-aggressive thyroid cancers, overall biotinidase
expression reduced in the former (5/7, 71.4%) compared to the
latter (2/13, 15.4%, p=0.022). Moreover, significantly reduced
nuclear expression was observed in aggressive (5/7, 71.4%)
thyroid cancer cases as compared to non-aggressive cases (2/13,
15.4%, p=0.022, OR=0.073, 95% C.I.=0.008—0.674). Simi-
larly, reduced cytoplasmic expression of biotinidase was observed
in aggressive (7/7, 100%) thyroid cancer cases as compared to the
non-aggressive cases (11/13, 84.6%, p=0.521).

Overall Biotinidase Loss as a Predictor of Disease
Progression and Prognosis

The follow-up data of 116 thyroid cancer patients for up to
19.5 years were used to assess the prognostic relevance of
biotinidase for predicting recurrence in these patients after
completion of primary treatment. Kaplan-Meier survival analysis
showed significantly reduced disease free survival in patients with

@ PLoS ONE | www.plosone.org

decreased expression of biotinidase in nucleus (p=0.014,
HR =54, 95% C.I.=1.2-24.1; median survival 116 months,
Figure 5a), cytoplasm (p=0.022, HR=2.8, 95% C.I.=1.1-7.2;
median survival 111 months, Figure 5b) and overall (p=0.019,
HR=3.1, 95% C.I.=1.2-7.8; median survival 109 months,
Figure 5c¢). Kaplan-Meier survival analysis showed significantly
reduced disease free survival in patients with extrathyroidal
extension (p<<0.001, HR=9.0, 95% C.I.=3.1-26.4); median
survival 36 months, Figure 5d), and nodal status (p<<0.001,
HR=12.2, 95% C.I.=2.8-53.8; median survival 54 months,
Figure 5e). Cox regression analysis (multivariate) was carried out to
determine the prognostic potential of nuclear and cytoplasmic
biotinidase, individually and in conjunction, for thyroid cancer
patients in comparison with age, gender, t-staging, nodal status,
overall stage, histology type, histology grade, and extrathyroidal
extension (Table 3). Extrathyroidal extension and nodal status
emerged more significant than biotinidase as markers for poor
prognosis (p=0.015, HR=4.1, 95% C.I.=1.3-12.8, and
p=0.035, HR=5.6, 95% C.I. = 1.1-27.8 respectively).
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Biotinidase: Thyroid Cancer Marker

Figure 4. Biotinidase expression in thyroid FNA samples. FNA specimens from benign (Panel a), non-aggressive papillary thyroid cancer
(Panel b), and aggressive papillary thyroid cancer (Panel c) cases were immunostained with 1:100 a-biotinidase K-17 rabbit polyclonal antibody. FNA
specimen used as a negative control shows no immunoreactivity in cells (Panel d). Photomicrographs show a pronounced decrease in nuclear
biotinidase expression in more aggressive thyroid cancer cases and are presented at 400 x original magnification.

doi:10.1371/journal.pone.0040956.9004

Discussion

There is an unmet need to identify novel biomarker(s) that can
not only help distinguish benign thyroid from malignant tumors
but also have the ability to discriminate between aggressive and
non-aggressive thyroid cancers. The findings of our study suggest
that biotinidase satisfies both these criteria. In addition, our study
demonstrates biotinidase levels are decreased in aggressive thyroid
carcinomas and suggests its potential to serve as a marker for
tumor aggressiveness. This novel use of biotinidase underscores its
potential to serve as a tool to identify aggressive thyroid cancers in
early stages for more focused therapy. Recently Kang et a/ [10]
observed lowered biotinidase levels in plasma of breast cancer
patients by proteome analysis and suggested biotinidase as
a potential serological biomarker for the diagnosis of breast
cancer. In another study, Huang ef al [11] identified a gene
expression profile consisting of 11 genes that could predict pelvic
lymph node metastasis in cervical carcinoma using oligonucleotide
microarray. Intriguingly, one of the genes in their panel was
biotinidase, down regulated in pelvic lymph node metastasis, akin
to our findings in thyroid cancer. These studies support our
findings that biotinidase is significantly reduced in aggressive
thyroid cancer. The corroborative evidence from aggressive
phenotypes of cancers other than thyroid further eludes to
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a potential role that biotinidase might play in the general
mechanism of cancer aggressiveness.

FNA is an essential tool for the management of thyroid
nodules and FNA of all thyroid nodules >1 cm has been
recommended [12,13]. FNA provides a safer alternative to
thyroidectomy as a diagnostic tool, as only 5% of thyroid
nodules are malignant [14]. Expression of overall and nuclear
biotinidase in benign FNA samples and its loss in malignant
cases, specifically in aggressive thyroid cancers, corresponds to
the pattern observed in thyroid cancer tissues. Thus biotinidase
may have applicability as a potential diagnostic marker for FNA
samples with inconclusive diagnosis and can potentially reduce
unnecessary thyroid resections. This could significantly diminish
the morbidity associated with unwarranted surgery and provide
a more systematic approach to the recognition and management
of high risk patients. However, these findings require validation
in a larger cohort of patients to delineate its potential as an
adjunct to cytological or histological findings. The functional
significance of biotinidase in development and/or progression of
cancer remain unknown. Nevertheless, the findings of our study
indicate decrease in biotinidase levels in aggressive thyroid
carcinomas.

Classically age, gender, tumor stage, extrathyroidal extension
(spread outside the thyroid capsule), nodal status, histology type,

July 2012 | Volume 7 | Issue 7 | e40956



- Bistinidase Nucleart A\ 1 g

§
¥
1
i

064

Biotinidase Nucelar-

T

Cumulative Survival
. Cumulative S_t_xrvival_

Bistiabdase Cymplasmic

Biotinidase: Thyroid Cancer Marker

Biatiniduse Cymplasmic Biotinidaxe-+

Riotinidase.

Cumulative Survival

P=0.022|

| oo

P=0.019

104 1
b Extrathyroidal Extension- D

06

Extrathyroldal Extension+

Cumulative Survival

P<0.001

v T v
100 150 280

Time (months)

Time (months)

T r T T T T r r T
150 200 %0 0 100 150 =0

Time (months)

Nedal Status- |
D - -

Nodal Status+

Cumulative Survival

P<0.001

200

100 150

Time (months)

240

Figure 5. Kaplan-Meier estimation of cumulative proportion of disease-free survival in thyroid cancer patients. Disease free survival
curves showing biotinidase expression in (a) nucleus [median disease-free survival 116 months]; (b) cytoplasm [median disease-free survival
111 months]; (c) and overall (nucleus and cytoplasm) [median disease-free survival 109 months]. Disease free survival curves showing (d)
extrathyroidal extension [median disease-free survival 36 months], and (e) nodal status [median disease-free survival 54 months].

doi:10.1371/journal.pone.0040956.g005

histology grade all have prognostic significance and were observed
to be associated with biotinidase expression in our study. To
determine independent prognostic significance for biotinidase, all
these conventional markers of poor prognosis for thyroid cancer
were incorporated into a multivariate model and the additional
significance of biotinidase was assessed. However, in multivariate
analysis extrathyroidal extension and nodal status emerged more

significant than biotinidase as markers for poor prognosis
(p=0.015, HR=4.1, 95% CI1.=13-12.8, and p=0.035,
HR =5.6, 95% C.I.=1.1-27.8 respectively). Given the associa-
tion of biotinidase with conventional markers of poor prognosis,
biotinidase did not have independent prognostic significance in
this study cohort. Nevertheless, our findings are of significance in
view of the limited studies on biotinidase in human cancers;

Table 3. Multivariate analysis for correlation of biotinidase expression with disease free survival.
95% CI for HR

Univariate Parameter P value Hazards ratio (HR) Lower Upper
Age 0.595 0.8 0.3 1.9
Gender 0.136 2.1 0.8 55
Tumor stage <0.001 22 1.5 32
Overall stage 0.140 13 0.9 1.8
Histology type 0.676 1.1 0.8 14
Histology grade 0374 239 0.02 26100.0
Nodal status 0.001 12.2 2.8 53.8
Extrathyroidal extension <0.001 9.0 3.1 26.4
Biotinidase Nuclear loss 0.014 54 1.2 241
Biotinidase Cytoplasmic loss 0.022 2.8 1.1 7.2
Biotinidase Overall loss 0.019 3.1 1.2 7.8

Multivariate
Extrathyroidal extension 0.015 4.1 13 12.8
Nodal status 0.035 5.6 1.1 27.8

doi:10.1371/journal.pone.0040956.t003
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importantly these few reports corroborate and support our
observations.

The role biotinidase plays in cancer aggressiveness remains to
be elucidated. A probable hypothesis would center on the role of
biotin as a co-factor for a plethora of enzymes responsible for
chromatin structure and stability. Biotinidase cleaves biocytin
thereby making free biotin readily available. Loss of this enzyme
would subsequently cause a biotin deficient state which would in
turn affect histone biotinylation in chromatin remodeling. It is
known that biotinylation of K12 in histone H4 is important for
repair of DNA and heterochromatin structures as well as
repression of genes and transposons to maintain genomic stability
and reduce cancer risk in human cells and Drosophila melanogaster
[8]. It could be speculated that biotin deficiency might lead to
critical epigenetic alterations in cancer attributing an aggressive
phenotype to it in the process. Whether the loss of biotinidase
plays a functional role or is associated with cancer aggressiveness
remains to be addressed in future studies. Nevertheless, our
findings are useful and will be applicable for clinical use alone or in
combination with other biomarker(s) in diagnosis and/or progno-
sis of aggressive thyroid cancers.

BRAF(V600LE) is considered a negative prognostic marker in
PTC and might have been a confounding prognostic factor in our
analysis. One of the limitations of our study is the non-availability
of BRAF(V600E) mutation data in our cohort of thyroid cancer
patients. The majority of PTCs are initiated by genetic events
involving mutation of BRAF or RAS and translocations producing
RET/PTC oncogenes [15]. BRAFV600E mutation is found in
approximately 40% of PTC and in more than 50% poorly
differentiated thyroid cancers [16,17]. The constitutive activation
of BRAF caused by BRAF(V600E) mutation leads to activation of
the RET/RAS/BRAF/MAPK signal transduction pathway and
plays an important role in cell proliferation by regulating cyclin D
and p27 [18]. This mutation is also associated with decreased
expression of mRNAs for the sodium iodide symporter and the
TSH receptor, markers of thyroid differentiation [19]. BRAF
mutation is associated with progression of PTC to poorly
differentiated thyroid carcinomas due to increased sensitivity to
TGFp-induced epithelial-mesenchymal transition (EMT) [20],
and with vascular endothelial growth factor (VEGF) overexpres-
sion and associated higher risk of metastasis, recurrence and
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