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Abstract

Background: Estrogen metabolism may be associated with the pathophysiological development of papillary
thyroid carcinoma (PTC).

Methods: To evaluate the differential estrogen metabolism between benign and malignant PTCs, estrogen profiling
by gas chromatography—mass spectrometry was applied to urine samples from postmenopausal patients with 9
benign tumors and 18 malignant stage | and Ill/IV PTCs.

Results: The urinary concentration of 2-methoxyestradiol was significantly lower in the stage | malignant patients
(3.5-fold; P < 0.025) than in the benign group. The metabolic ratios of 16a-OH-estrone/estrone and estriol/estradiol,
which are responsible for 16a-hydroxylase activity, were increased more than 2.5-fold in the advanced-stage
malignant PTC (P < 0.02 each). The more than 6.2-fold decrease in the urinary 2-/16a-hydroxylase ratio in stage IlI/IV
malignant PTC was consistent with the ratio in postmenopausal patients with endocrine gland cancers. In addition,
reductive 17B-hydroxysteroid dehydrogenase (173-HSD; estradiol/estrone or estriol/16a-OH-estrone) was present at
significantly higher levels in subjects with stage Ill/IV malignant PTCs than in benign subjects (>3.5-fold difference;

malignant patients (P < 0.01).

P <0.002). In particular, the estriol/16a-OH-estrone ratio differentiated between the benign and early-stage

Conclusions: Increased 16a-hydroxylation and/or a decreased 2-/16a-ratio, as well increased reductive 173-HSD,
with regard to estrogen metabolism could provide potential biomarkers. The devised profiles could be useful for
differentiating malignant thyroid carcinomas from benign adenomas in postmenopausal women.
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Background

Papillary thyroid carcinoma (PTC), the most frequently
occurring thyroid carcinoma, is a well-differentiated
endocrine-based tumor [1] with a 3-fold higher inci-
dence in women than in men [2]. The identification of
thyroid nodule malignancy is based on ultrasonography,
scintigraphy, and fine-needle aspiration biopsy (FNAB)
[3]. However, the results are limited to the differentiation
of benign adenomas (adenomatous hyperplasia) from ma-
lignant thyroid carcinomas [4]. Because the prognosis is
strongly determined by the tumor stage at diagnosis and
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the initial treatment, regardless of the patient age and
histological type (especially in postmenopausal women)
[5], novel and reliable biomarkers for early-stage diagnosis
of thyroid malignancy that could noninvasively discrimin-
ate between malignant and benign nodules are necessary.
The identification of potential gene or protein expres-
sion markers for benign/malignant classifications was per-
formed in vitro and in vivo using immunohistochemistry,
Western blotting [6,7], or multi-gene approaches with
microarray technology and molecular profiling of thyroid
tissues from FNABs [8-10]. In recent, the pathophysio-
logical roles of estrogen metabolism have been investi-
gated with regard to human thyroid gland development
[11-13], and estrogen metabolic alterations have been

© 2013 Moon et al,; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.


mailto:mh_choi@kist.re.kr
http://creativecommons.org/licenses/by/2.0

Moon et al. BMC Clinical Pathology 2013, 13:25
http://www.biomedcentral.com/1472-6890/13/25

identified in urine samples from PTC patients, along with
sex differences and menopausal conditions [14].

Estrogens are involved in the pathogenesis of thyroid
nodules and differentiated thyroid cancer cells [15].
Benign and malignant thyroid cells and tissues express
functional estrogen receptors (ERs), and their growth is
stimulated by estrogen. In addition, estrogen can stimu-
late the growth and simultaneously inhibit the differenti-
ation of thyroid nodule-derived stem/progenitor cells
[16], which are adult stem cells that have been suggested
as an alternative source of benign and malignant tumor
formation [17]. There are 2 main estrogen metabolic path-
ways: the first is 16a-hydroxylation, which produces both
estriol (16a-hydroxyestradiol) and 16a-hydroxyestrone,
and the second is 2- and/or 4-hydroxylation to form 2-
and 4-catechol estrogens [18,19]. In general, women with
increased 16a-hydroxylation are thought to have an ele-
vated risk of breast cancer, compared with women with
increased 2-hydroxylation estrogen metabolism [20-23].
Thus, a decreased 2- to 16a-hydroxylation ratio has been
shown to precede clinical evidence of cancer and therefore
represents a significant risk factor for estrogen-dependent
tumor development. However, the pathogenic differences
in estrogen metabolism between benign and malignant
thyroid tumors have not been fully explored, especially in
postmenopausal women.

Gas chromatography—mass spectrometry (GC-MS)-
based steroid profiling is a powerful technique that not
only can describe risk associations and relationships
between steroid hormones and clinical tumor growth
characteristics but can also be used as a biomarker tool
for discriminating benign from malignant adrenal tu-
mors [24,25]. For low-level quantification, we developed
a comprehensive urinary estrogen profile from osteopor-
otic postmenopausal women [26]. The aim of this study
was to assess the differential expression of estrogen me-
tabolites and their metabolic ratios between benign
adenoma and malignant PTC patients to elucidate the
underlying mechanisms of thyroid cancer pathology, as
well as to identify potent biomarkers that are predictive
of clinical characteristics. In addition, our results address
the issue of whether preferential downregulation of the
2-/16a-hydroxylation ratio in postmenopausal women
with thyroid malignancies could provide a useful presur-
gical classification for determining malignancy in thyroid
carcinomas, as in other endocrine gland cancers.

Methods

Subjects and sample collection

Urine samples were collected from postmenopausal pa-
tients with a total of 18 malignant PTCs, including 11
women diagnosed with stage I (age: 56.1 £ 3.7 yr, body
mass index [BMI]: 26.0 + 3.3 kg/m?) and 7 women diag-
nosed with stage III/IV disease (age: 59.6 £ 10.9 yr, BMIL:
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229 +2.7 kg/m2) at Severance Hospital (Seoul, Korea).
In addition, samples from 9 women diagnosed with
benign tumors (adenomatous hyperplasia; age: 59.2 +
5.8 yr, BMIL: 26.5 + 3.8 kg/m?) were included as a control
group. All the subjects underwent the same diagnostic
procedures, including a pathological examination, ultra-
sonography, and FNAB, as detailed by the American
Joint Committee on Cancer staging criteria [3]. Patients
with a history of cervical, breast, endometrial, or head and
neck cancer and those with a history of respiratory papil-
lomatosis were excluded. All the subjects had normal
thyroid function (T3: 104.11+19.1 ng/dL, T4: 11.16 +
2.56 pg/dL, and TSH: 1.02 + 0.31 pIU/mL) and were not
treated with or exposed to any drugs or exogenous hor-
mones for defined time periods. The experimental proto-
col (no. 4-2009-0424) was approved by the Institutional
Review Board (IRB) Committee of the Human Research
Protection Center at Severance Hospital, and informed
written consent was obtained from all the subjects. All
urine samples were collected in the morning after 12 h of
fasting and immediately stored at —20°C until used. The
urinary steroid levels were calibrated with creatinine
values, according to Jaffé’s method [27].

Chemicals and materials

Reference standards of the 16 estrogens, including es-
trone (E1), 17B-estradiol (E2), estriol (E3), 2-hydroxyes-
trone (2-OH-E1), 2-hydroxy-17p-estradiol (2-OH-E2),
4-hydroxyestrone (4-OH-E1), 4-hydroxy-17p-estradiol
(4-OH-E2), 2-methoxyestrone (2-MeO-E1), 2-methoxy-
17pB-estradiol (2-MeO-E2), 4-methoxyestrone (4-MeO-
El), 4-methoxy-17p-estradiol (4-MeO-E2), 17-epiestriol
(17-epi-E3), 16-epiestriol (16-epi-E3), 16a-hydroxyes-
trone (16a-OH-E1), 16-keto-17p-estradiol (16-keto-E2),
and 2-hydroxyestriol (2-OH-E3), were obtained from
Steraloids (Newport, RI, USA). A deuterium-labeled in-
ternal standard (IS), 2,4,16,16-d,-17p-estradiol (d4-E2,
isotopic purity > 98%), was purchased from C/D/N Iso-
topes (Pointe-Claire, Quebec, Canada).

In solid-phase extraction (SPE), Oasis HLB (3 cc,
60 mg; Waters, Milford, MA, USA) preconditioned with
2 mL of methanol, followed by 2 mL of deionized water
was used. Sodium acetate (reagent grade), acetic acid (gla-
cial, 99.99 + %), and L-ascorbic acid (reagent grade) were
acquired from Sigma (St. Louis, MO, USA). A solution of
B-glucuronidase/arylsulfatase from Helix pomatia was
purchased from Roche Diagnostics GmbH (Mannheim,
Germany). Anhydrous potassium carbonate (K,COs),
triethylamine (TEA), and ethyl chlorofomate (ECF) were
obtained from J. T. Baker (Phillipsburg, NJ, USA), Sigma,
and Daejung Chemical Co. (Shiheung, Gyoungi, Korea),
respectively. The perfluoroacylation reagent, pentafluoro-
propionic anhydride (PFPA), was also obtained from
Sigma. All organic solvents used were analytical and
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HPLC-grade and were purchased from Burdick and
Jackson (Muskegon, MI, USA). Deionized water was
prepared with a Milli-Q purification system (Millipore,
Billerica, MA, USA).

GC-MS-based quantitative estrogen profiling

Quantitative estrogen profiling was performed according
to a previous technique [26]. Briefly, the urine sample
(2 mL) containing 100 pL of 0.2% aqueous L-ascorbic
acid was spiked into 15 pL of the internal standard dj-
E2 (1 pg/mL). The samples were extracted with Oasis
HLB SPE cartridges that were placed into a device fitted
with a small peristaltic pump that was operated at a flow
rate <1 mL/min. After loading each sample into a cart-
ridge, the cartridges were washed with 2 mL of water
and eluted twice with 2 mL of methanol. The combined
methanol was evaporated under a nitrogen stream and
then added to 1 mL of 0.2 M acetate buffer (pH 5.2),
100 pL of aqueous 0.2% L-ascorbic acid, and 50 pL of {3-
glucuronidase/arylsulfatase. After a 3-h incubation at
55°C, the solution was adjusted to pH 8 with a 5%
K,COj3 solution, and then 30 pL of TEA and 50 pL of
ECF were added. After vortexing for 30 s, the sample
was extracted twice with 2.5 mL of a nonpolar solvent
(n-hexane). The organic solvent was evaporated in an
N, evaporator at 40°C, and the sample was dried in a
vacuum desiccator over P;O5-KOH for at least 30 min.
Finally, the dried residue was derivatized with 20 pL of
PFPA in 100 pL of n-hexane at 50°C for 30 min and
then evaporated in an N, evaporator. Two microliters of
the resulting product, reconstituted with 40 pL of n-
hexane, were injected for GC-MS analysis with the
selected-ion monitoring (SIM) mode.

The GC-SIM/MS was performed on an Agilent 6890 Plus
gas chromatograph interfaced with a single-quadrupole
Agilent 5975C MSD. The electron energy was 70 eV, and
the ion source temperature was 230°C. Each sample (2 pL)
was injected in split mode (10:1) at 280°C and separated
through an MXT-1 cross-linked dimethylpolysiloxane
capillary column (30-m x 0.25-mm L.D., 0.25-um film
thickness, Silcosteel-treated stainless steel). The initial
oven temperature was 270°C, which was increased to
300°C at 6°C/min, and finally increased to 330°C with a
10°C/min ramping program. The column head pressure,
with helium as the carrier gas, was set to 151.7 kPa. The
calibration curve consisted of a blank sample and 11
samples from LOQ. This method was linear, with a cor-
relation coefficient (+*>0.996) for all estrogens ana-
lyzed, and the intraday coefficients of variation ranged
from 1.3% to 7.7%.

Statistical analysis
Data manipulation was performed with SigmaPlot (Systat
Software Inc., San Jose, CA, USA) and the SPSS (v. 21) for
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Windows software package (SPSS Inc., Chicago, IL, USA).
The concentrations of the individual estrogens and meta-
bolic ratios were calculated by dividing the substrate
concentration by that of its metabolite (as an indicator
of enzyme activity) in the urine samples obtained from
postmenopausal women. Statistical significance was
determined with nonparametric Kruskal-Wallis and
Mann—Whitney U tests to evaluate possible differences
in the diagnostic factors. The significant variables with
P <0.05 in the Kruskal-Wallis test were then compared
with Mann—Whitney U tests between 2 groups, includ-
ing benign versus stage I PTC, benign versus stage III/
IV PTC, and stage I versus stage III/IV PTC. A Bonferroni
correction was used to adjust for the 2 comparisons
performed on each variable and to set the significance
level at 0.017. The concentration of estrogens was listed in
Supplementary Data as an Additional file 1.

Results

Urinary concentrations of estrogens in patients with
benign and malignant tumors

The individual urinary estrogen levels in the postmeno-
pausal women with benign and malignant tumors were
evaluated. Among the 16 estrogens monitored, 15 estro-
gens, including parent estrogens (E1 and E2), 16a-
hydroxylation metabolites (16a-OH-E1, 16-keto-E2, E3
[16a-OH-E2], 17-epi-E3, and 16-epi-E3), 2- and 4-hydro
xylation metabolites (2-OH-E1, 2-OH-E2, 4-OH-E1, and
4-OH-E2), and 2- and 4-methoxylation metabolites (2-
MeO-E1, 2-MeO-E2, 4-MeO-E1, and 4-MeO-E2), were
quantitatively detected (Table 1). No 2-OH-E3 was de-
tected in this study.

To characterize the differential excretion patterns of
postmenopausal malignant thyroid carcinoma patients
according to the tumor stage, samples were analyzed
from the patients diagnosed at early (stage I) and ad-
vanced (stage III/IV) stages, and the samples from each
group were compared with the control benign samples.
Differences in the concentrations of 2-MeO-E2, 4-MeO-
El, and 17-epi-E3 were statistically significant between
the benign and stage I malignant tumors. The urinary
levels of these substances were found to be significantly
reduced in stage I malignant PTCs (P < 0.02); in particu-
lar, the levels of 2-MeO-E2 and 4-MeO-E1 in early-stage
malignant patients were >3.5-fold (P =0.012) and >6.0-
fold (P =0.004) lower than those in the benign samples.
There were no statistically significant differences be-
tween the malignant PTCs stages.

Metabolic alterations with benign tumors and malignant
PTCs

Based on the individual concentrations, the metabolite to
precursor ratios, which could be used to gain insight into
metabolic enzyme activity, were examined to understand
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Table 1 Urinary estrogen concentrations associated with benign tumors and malignant Papillary Thyroid Carcinomas

(PTCs) in the postmenopausal women

Compounds (trivial name) Benign tumor Malignant PTCs P-value?
(@) (n=9) Stage | (b) (n=11) Stage lll/IV(C) (n=7) P-value' avs.b avs.c buvs.c

Estrone (E1) 121£113 29+£23 50£6.5 0.053 0.020 0.091 0.791
17B-estradiol (E2) 08+06 04+02 1.1£13 0416

Estriol (E3) 1.7£1.7 19+1.7 62+6.7 0.146

2-hydroxyestrone (2-OH-E1) 22£35 03+03 0712 0.073

2-hydroxy-17B-estradiol (2-OH-E2) 05+04 0.1£0.1 03+02 0.052 0.031 0.536 0.085
4-hydroxyestrone (4-OH-E1) 06+05 03+03 04+04 0.558

4-hydroxy-17B-estradiol (4-OH-E2) 05+04 0.1+0.1 0.2+0.1 0.182

2-methoxyestrone (2-MeO-E1) 16+1.7 05+04 06+06 0.108

2-methoxy-17f3-estradiol (2-MeO-E2) 14+£1.1 04+03 06+04 0.034 0.012 0.114 0.285
4-methoxyestrone (4-MeO-E1) 06+08 0.1+0.1 02+04 0.011 0.004 0.174 0.179
4-methoxy-17f3-estradiol (4-MeO-E2) 03+0.7 0.1+0.1 02+0.2 0.104

17-epiestriol (17-epi-E3) 03+£03 0.1£0.1 0.1£0.1 0.029 0.016 0.142 0425
16-epiestriol (16-epi-E3) 0.7+09 03+02 09+10 0.589

16a-hydroxyestrone (16a-OH-E1) 09+0.7 06+06 08+08 0462

16-keto-17B-estradiol (16-keto-E2) 0.7£09 06+06 07£10 0.803

Concentrations are expressed as ng/mg of creatinine (mean + SD).

Statistical significance was determined by a nonparametric 'Kruskal-Wallis and 2Mann-Whitney U test to evaluate possible differences in the diagnostic factors.
The significant estrogens with P < 0.05 in a Kruskal-Wallis test were then compared with the Mann-Whitney U test results between 2 groups, including benign
versus stage | PTC (a vs. b), benign versus stage Ill/IV PTC (a vs. ), and stage | versus stage Ill/IV PTC (b vs. c). A Bonferroni correction was applied to the post hoc
analysis of the between-group comparisons performed for each variable and to set the significance level at 0.017.

the alterations to estrogen metabolism with respect to thy-
roid tumors (Table 2). In contrast to the individual con-
centrations, significant changes between the patients with
benign tumors and those with malignant PTCs, with
either stage I or III/IV diagnosis, were confirmed by the
differences in these metabolic ratios. For 16a-hydroxylase,
the ratios of 16a-OH-E1 to E1 (Figure 1A) and E3 to E2
(Figure 1B) were significantly higher in patients with stage
III/IV malignant PTCs than in those with benign tu-
mors (P < 0.02 each). There were no significant changes
in the metabolic activity of 4-hydroxylase of estrogens
and catechol-O-methyltransferase of 2 and 4-hydroxy
estrogens.

Reductive 17B-hydroxysteroid dehydrogenase (17f3-
HSD), which converts E1 into E2 and 16a-OH-E1 into
E3 by reduction at the C17 position [19], was signifi-
cantly different in samples from patients with malignant
PTCs and those from patients with benign tumors
(Figure 1C-D). The ratios of E2 to E1 (P =0.046 for be-
nign vs. stage I; P=0.002 for benign vs. stage III/IV,
Figure 1C) and of E3 to 16a-OH-E1 (P =0.010 for be-
nign vs. stage I; P=0.0001 for benign vs. stage III/IV,
Figure 1D) could differentiate benign from malignant
tumor samples. In addition, a significant reduction in
urinary 2-/16a-hydroxylation pathway was observed in pa-
tients with stage III/IV malignant PTC, compared with

those with benign tumors (>6.2-fold difference; P =0.012;
Figure 1E).

Discussion

Over the last decades, many studies based on gene or
protein expression in vitro and in vivo have evaluated
the role of biomarkers in determinations of thyroid
tumor malignancy [6-10], but candidate biomarkers such
as galectin-3 or MET have not shown the sensitivity and
specificity needed for a preoperative thyroid nodules
screening tool [28]. We previously evaluated metabolic
changes in urinary steroid levels in premenopausal and
postmenopausal women and men with PTCs by quanti-
tative steroid profiling, as PTC pathogenesis and devel-
opment might be affected by androgens and estrogens
[14]. However, these results did not reveal information
about the changes in estrogen metabolism that could
distinguish PTCs from benign thyroid tumors. Therefore,
this study focused more on the metabolic differences
between benign tumors and early and advanced-stage ma-
lignant PTCs in postmenopausal women.

The 2-MeO-E2 levels significantly decreased in both
early and advanced PTCs, suggesting that this could
serve as a potential biomarker to differentiate benign
from malignant thyroid neoplasms. 2-MeO-E2, which
acts as a potential antitumor agent in several types of
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Table 2 Metabolic ratios of urinary estrogens between benign tumors and malignant Papillary Thyroid Carcinomas

(PTCs) in postmenopausal women

Metabolic ratio (product/precursor) Benign tumor Malignant PTCs P-value?
(@) (n=9) Stage | (b) Stage lII/IV (c) P-value' avs. b avs.c bvs.c
(n=11) (n=7)
2-hydroxylase
2-OH-E1/E1 0.16+0.14 0.13+£0.09 0.16£0.15 0991
2-OH-E2/E2 0.75+040 038+0.30 047 +0.29 0.070
4-hydroxylase
4-OH-E1/E1 0.10+0.13 0.12+0.09 0.15£0.08 0.182
4-OH-E2/E2 0.64 £ 044 042+0.28 040+0.20 0.360
16a-hydroxylase
160-OH-E1/E1 0.12+0.09 026+0.20 031£0.20 0.052 0.095 0.012 0.659
E3/E2 216+ 1.10 472+3.28 6.66+3.27 0.007 0.067 0.001 0.126
Methyltransferase
2-MeO-E1/2-OH-E1 143+094 1.68 £ 1.00 1.66 +0.93 0.838
2-MeO-E2/2-OH-E2 6.35+880 498 +547 3.55+£453 0.935
4-MeO-E1/4-OH-E1 3.23+£6.88 025+0.18 058 +047 0.140
4-MeO-E2/4-OH-E2 402+728 0.83+0.57 1.20 +£0.60 0216
17B-hydroxysteroid dehydrogenase
E2/E1 0.10+£0.08 023+022 026 +£0.08 0.013 0.046 0.002 0.285
E3/160-OH-E1 1.75+0.80 3.79+1.80 6.15£2.18 0.001 0.010 0.0001 0.044
2-/16a-hydroxylation
2-OH-E1/160-OH-E1 205+ 246 082+0.74 0.64+0.58 0.110
2-OH-E2/E3 050+ 046 0.11+£0.14 0.08£0.06 0.022 0.020 0.012 0.930

The metabolic ratios are presented as the metabolite-to-precursor ratio in each subject (mean + SD).

Statistical significance was determined with nonparametric 'Kruskal-Wallis and Mann-Whitney U tests to evaluate possible differences in the diagnostic factors.
The significant metabolic ratios with P < 0.05 in the Kruskal-Wallis test were then compared with the Mann-Whitney U test between 2 groups, including benign
versus stage | PTC (a vs. b), benign versus stage Ill/IV PTC (a vs. c), and stage | versus stage IlI/IV PTC (b vs. ). A Bonferroni correction was applied to the post hoc
analysis of the between-group comparisons performed for each variable and to set the significance level at 0.017.

cancers [29,30], blocks cell growth and induces apop-
tosis in thyroid carcinoma cells by activating the p38
mitogen-activated protein kinase [31]. Based on its cel-
lular effects, 2-MeO-E2 might be expected to attenuate
the progression of tumorigenesis and protect against the
development of malignant PTCs from benign adenomas.

Estrogen metabolism was shown to potentiate the
growth of several cancers, including breast, prostate,
endometrial, and thyroid cancers [12-14,20-23,25,31].
For E2, the C-2/C-16a-hydroxylation ratio and level of
16a-hydroxylation could be used as predictive biomarkers
for breast cancer [20-22], suggesting that the major estro-
gen metabolism pathways have different biological actions
such as the antiproliferative effect of 2-hydroxylation and
proliferative effect of 16a-hydroxylation in hormone-
related cancers [12,18-23]. In this study, 16a-hydroxylation
of both E1 and E2 was markedly increased in both early
and advanced-stage malignant PTCs. In particular, the in-
fluence of estrogen 16a-hydroxylation tended to be in clear
contrast to that of 2-hydroxylation in postmenopausal low-
and high-grade PTCs (Table 2).

Increased 16a-hydroxylation activity preceded clinical
evidence of cancer and therefore might represent a
significant risk factor for estrogen-dependent tumor de-
velopment [20-23]. In this study, the 2-OH-E1-to-16a-
OH-E1 ratio was not statistically significantly different
between the malignant PTC and benign groups, despite
the lower activity in the former group. However, a de-
creased 2-OH-E2-to-E3 ratio was observed. For E2, the
ratio of C-2 and C-16a hydroxylation in the malignant
PTC groups might reflect the observed effects of in-
creased 16a-hydroxylation on malignant PTC in post-
menopausal women. This observation is consistent with
previous studies that examined the extent of the inter-
play between 2-hydroxylation and 16ca-hydroxylation
and reflected that the estrogen metabolite ratio could be
a distinguishing feature between benign and malignant
thyroid tumors [12].

Another interesting estrogen profile pattern was de-
tected between the benign and malignant tumors. The ex-
pression of reductive 17B-HSD in patients with both early
and late-stage PTCs was significantly higher than that in
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Figure 1 Differential metabolic ratios on estrogen metabolism with statistical significance in benign and malignant papillary thyroid
tumors. Estrogen activities were compared in postmenopausal women with benign adenomas (n=9) and stage | (n=11) and lll/IV (n=7)
malignant carcinomas. The significant metabolic ratios with P <0.05 in a Kruskal-Wallis test were analyzed with the Mann-Whitney U test
between 2 groups, including benign versus stage | PTC, benign versus stage lll/IV PTC, and stage | versus stage Ill/IV PTC. (A) 16a-OH-E1/E1,
(B) E3/E2, (C) E2/E1, (D) E3/160-OH-E1 and (E) 2-OH-E2/E3. * P < 0.02; ** P < 0.002; and *** P < 0.0002.

the benign patients; this affected the conversions of E1 to
E2 and 16a-OH-E1 to E3 (Table 2). Although the under-
lying mechanism is not clear, the E3-to-16a-OH-E1 ratio
progressively increased from the benign group to the early
stage malignant PTC group and finally to the advanced-
stage malignant PTC group, and had a more significant P
value than the E2 to E1 ratio. In recent, the implications
of 17B-HSD activity in tumorigenesis have been investi-
gated [32-34]. In these studies, high 173-HSD activity was
related to increased cell proliferation, and it was important
to the understanding of the mechanisms that underlie
breast cancer development [32,33]. Reductive 173-HSD is
also overexpressed in endometrial cancer, compared with
control tissues, and was found to increase tumor cell pro-
liferation [34]. To our knowledge, this is the first study to
demonstrate an association between 173-HSD expression
and pathological features in patients with PTCs.

This study had 2 limitations. First, a small number of
postmenopausal women with thyroid disease (only 27
individuals) limited the statistical power with which to
distinguish between benign and malignant tumors. Des-
pite these drawbacks, however, very few fundamental
studies on this topic have been performed in postmeno-
pausal women. Although we could not conclusively de-
termine the associations between estrogen metabolism
and pathological features in patients with PTCs, we have

demonstrated statistically significant estrogen metabolic
patterns and differentiated metabolic pathways. Second,
high variability in the urinary estrogen levels was de-
tected in all postmenopausal patients, including those of
advanced age. Most circulating estrogens in elderly
women are derived from adipose tissues and can be af-
fected by additional factors such as nutrition, smoking,
alcohol intake, and physical activity [35]. There is con-
siderable intra- and inter-patient estrogen variability
among postmenopausal women in response to estrogen
replacement therapy [36]. In contrast to the metabolic
ratios, the urinary levels of the individual estrogens, ex-
cept 2-MeO-E2, were not significantly different between
benign and malignant thyroid tumor patients because of
the high variability in the urinary estrogen levels. Further
studies with a large population of individuals with thy-
roid tumors are needed to better define the changes in
individual estrogens in PTC patients.

Conclusions

Malignant PTCs can be distinguished from benign thy-
roid nodules by urinary estrogen profiling. These obser-
vations suggest that activation of the 16a-hydroxylation
pathway and reductive 173-HSD expression are import-
ant endocrine factors in thyroid tumorigenesis, similar
to their roles in other endocrine-related cancers such as
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breast and endometrial cancers. These results could
provide insights into the pathogenesis of PTC and might
ultimately describe a useful potent biomarker for prog-
nostic evaluations of malignant PTC in clinical practice
and for therapeutic management in patients with thy-
roid tumors.
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Additional file 1: Individual concentration of estrogens studied
(ng/mg of creatinine).

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

JYM prepared the manuscript and conducted the estrogen profiling. EJL and
WYC participated in preparing the experimental protocol, clinical diagnosis,
and sampling. MHM and BCC participated in the study design and helped to
draft the manuscript. MHC conceived of the study and participated in its
design and coordination. All the authors revised the manuscript and
approved the final version.

Acknowledgments

This study was supported by the Converging Research Center Program
through the Ministry of Science, ICT and Future Planning, Korea

(2013 K000427).

Author details

'Future Convergence Research Division, Korea Institute of Science and
Technology, 39-1 Hawolkok-dong, Seoul 136-791, Korea. “Department of
Chemistry, Yonsei University, Seoul 120-749, Korea. 3Depar‘[ment of Internal
Medicine, Yonsei University College of Medicine, Seoul 120-752, Korea.
“Department of Surgery, Yonsei University College of Medicine, Seoul
120-752, South Korea.

Received: 28 March 2013 Accepted: 21 October 2013
Published: 25 October 2013

References

1. Correa P, Chen VW: Endocrine gland cancer. Cancer 1995, 75:338-352.

2. Enewold L, Zhu K, Ron E, Marrogi AJ, Stojadinovic A, Peoples GE, Devesa SS:
Rising thyroid cancer incidence in the United States by demographic
and tumor characteristics, 1980-2005. Cancer Epidemiol Biomarkers Prev
2009, 18:784-791.

3. Pacini F, Schlumberger M, Dralle H, Elisel R, Smit JW, Wiersinga W: European
thyroid cancer taskforce. European consensus for the management of
patients with differentiated thyroid carcinoma of the follicular
epithelium. Eur J Endocrinol 2006, 154:787-803.

4. Raab SS, Vrbin CM, Grzybicki DM, Sudilovsky D, Balassanian R, Zarbo RJ,
Meier FA: Errors in thyroid gland fine-needle aspiration. Am J Clin Pathol
2006, 125:873-882.

5. Vini L, Hyer SL, Marshall J, Harmer C, AHern R: Long-term results in elderly
patients with differentiated thyroid carcinoma. Cancer 2003, 97:2736-2742.

6. Inohara H, Honjo Y, Yoshii T, Akahani S, Yoshida J, Hattori K, Okamoto S,
Sawada T, Raz A, Kubo T: Expression of galectin-3 in fine-needle aspirates
as a diagnostic marker differentiating benign from malignant thyroid
neoplasms. Cancer 1999, 85:2475-2484.

7. Cerutti JM, Delcelo R, Amadei MJ, Nakabashi C, Maciei RM, Peterson B,
Shoemaker J, Riggins GJ: A preoperative diagnostic test that distinguishes
benign from malignant thyroid carcinoma based on gene expression.

J Clin Invest 2004, 113:1234-1242.

8. Finley DJ, Arora N, Zhu B, Gallagher L, 3rd Fahey TJ: Molecular profiling
distinguishes papillary carcinoma from benign thyroid nodules. J Clin
Endocrinol Metab 2004, 89:3214-3223.

9. Kebebew E, Peng M, Reiff E, McMillan A: Diagnostic and extent of disease
multigene assay for malignant thyroid neoplasms. Cancer 2006,
106:2592-2597.

20.

22.

23.

24,

25.

26.

27.

28.

29.

0.

Page 7 of 8

Fujarewicz K, Jarzab M, Eszlinger M, Krohn K, Paschke R, Oczko-
Wojciechowska M, Wiench M, Kukulska A, Jarzab B, Swierniak A: A multi-
gene approach to differentiate papillary thyroid carcinoma from benign
lesions: gene selection using support vector machines with
bootstrapping. Endocr Relat Cancer 2007, 14:809-826.

Kawabata W, Suzuki T, Moriya T, Fujimori K, Naganuma H, Inoue S, Kinouchi
Y, Kameyama K, Takami H, Shimosegawa T, Sasano H: Estrogen receptors
(a and B) and 17B-hydroxysteroid dehydrogenase type 1 and 2 in
thyroid disorders: possible in situ estrogen synthesis and actions.

Mod Pathol 2003, 16:437-444.

Chan EK, Sepkovic DW, Bowne HJY, Yu GP, Schantz SP: A hormonal
association between estrogen metabolism and proliferative thyroid
disease. Otolaryngol Head Neck Surg 2006, 134:893-900.

Rajoria S, Suriano R, George AL, Shanmugam A, Jussim C, Shin EJ,
Moscatello AL, Geliebter J, Carpi A, Tiwari RK: Estrogen activity as a
preventive and therapeutic target in thyroid cancer. Biomed
Pharmacother 2012, 66:151-158.

Choi MH, Moon JY, Cho SH, Chung BC, Lee EJ: Metabolic alteration of
urinary steroids in pre- and post-menopausal women, and men with
papillary thyroid carcinoma. BMC Cancer 2011, 11:342.

Ceresini G, Milli B, Morganti S, Maggio M, Bacchi-Modena A, Sgarabotto MP,
Chirico C, Di Donato P, Campanati P, Valcavi R, Ceda GP, Braverman LE, Valenti
G: Effects of estrogen therapy for 1 year on thyroid volume and thyroid
nodules in postmenopausal women. Menopause 2008, 15:326-331.

Xu S, Chen G, Peng W, Renko K, Derwahl M: Oestrogen action on thyroid
progenitor cells: relevant for the pathogenesis of thyroid nodule?

J Endocrinol 2013, 218:125-133.

Fierabracci A: Identifying thyroid stem/progenitor cells: advances and
limitations. J Endocrinol 2012, 213:1-13.

Zhu BT, Conney AH: Functional role of estrogen metabolism in target
cells: review and perspectives. Carcinogenesis 1998, 19:1-27.

Masood DE, Roach EC, Beauregard KG, Khalil RA: Impact of sex hormone
metabolism on the vascular effects of menopausal hormone therapy in
cardiovascular disease. Curr Drug Metab 2010, 11:693-714.

Bradlow HL, Hershcopf R, Martucci C, Fishman J: 16a-hydroxylation of
estradiol: a possible risk marker for breast cancer. Ann N Y Acad Sci 1986,
464:138-151.

Ursin G, London S, Stanczyk FZ, Gentzschein E, Paganini-Hill A, Ross RK, Pike
MC: Urinary 2-hydroxyestrone/16a-hydroxyestrone ratio and risk of
breast cancer in postmenopausal women. J Natl Cancer Inst 1999,
91:1067-1072.

Im A, Vogel VG, Ahrendt G, Lloyd S, Ragin C, Carte S, Taioli E: Urinary
estrogen metabolites in women at high risk for breast cancer.
Carcinogenesis 2009, 30:1532-1535.

Zeleniuch-Jacquotte A, Shore RE, Afanasyeva Y, Lukanova A, Sieri S, Koenig
KL, Idahl A, Krogh V, Liu M, Ohison N, Muti P, Arsian AA, Lenner P, Berrino F,
Hallmans G, Toniolo P, Lundin E: Postmenopausal circulating levels of 2-
and 16a-hydroxyestrone and risk of endometrial cancer. Br J Cancer 2011,
105:1458-1464.

Arlt W, Biehl M, Taylor AE, Hahner S, Libé R, Hughes BA, Schneider P, Smith DJ,
Stiekeman H, Krone N, Porfiri E, Opocher G, Bertherat J, Mantero F, Allolio B,
Terzolo M, Nightingale P, Shackleton CH, Bertagna X, Fassnacht M, Stewart PM:
Urine steroid metabolomics as a biomarker tool for detecting malignancy
in adrenal tumors. J Clin Endocrinol Metab 2011, 96:3775-3784.

Audet-Walsh E, Lépine J, Grégoire J, Plante M, Caron P, Tétu B, Ayotte P,
Brisson J, Villeneuve L, Belanger A, Guillemette C: Profiling of endogenous
estrogens, their precursors, and metabolites in endometrial cancer
patients: association with risk and relationship to clinical characteristics.
J Clin Endocrinol Metab 2011, 96:E330-E339.

Moon JY, Kim KJ, Moon MH, Chung BC, Choi MH: A novel GC-MS method
in urinary estrogen analysis from postmenopausal women with
osteoporosis. J Lipid Res 2011, 52:1595-1603.

Husdan H, Rapoport A: Estimation of creatinine by the Jaffe reaction. A
comparison of three methods. Clin Chem 1968, 14:222-238.

Eszlinger M, Krohn K, Kukulska A, Jarzab B, Pascuke R: Perspectives and
limitations of microarray-based gene expression profiling of thyroid
tumors. £ndocr Rev 2007, 28:322-338.

Fotsis T, Zhang Y, Pepper MS, Adlercreutz H, Montesano R, Nawroth PP,
Schweigerer L: The endogenous oestrogen metabolite 2-
methoxyoestradiol inhibits angiogenesis and suppresses tumour growth.
Nature 1994, 368:237-239.


http://www.biomedcentral.com/content/supplementary/1472-6890-13-25-S1.xlsx

Moon et al. BMC Clinical Pathology 2013, 13:25 Page 8 of 8
http://www.biomedcentral.com/1472-6890/13/25

30.  Schumacher G, Neuhaus P: The physiological estrogen metabolite 2-
methoxyestradiol reduces tumor growth and induces apoptosis in
human solid tumors. J Cancer Res Clin Oncol 2001, 127:405-410.

31, Roswall P, Bu S, Rubin K, Landstrom M, Heldin NE: 2-methoxyestradiol
induces apoptosis in cultured human anaplastic thyroid carcinoma cells.
Thyroid 2006, 16:143-150.

32. Aka JA Zerradi M, Houle F, Huot J, Lin SX: 17B-hydroxysteroid
dehydrogenase type 1 modulates breast cancer protein profile and
impacts cell migration. Breast Cancer Res 2012, 14:R92.

33. Zhang CY, Chen J, Yin DC, Lin SX: The contribution of 17B-hydroxysteroid
dehydrogenase type 1 to the estradiol-estrone ratio in estrogen-
sensitive breast cancer cells. PLoS One 2012, 7:€29835.

34, Cornel KM, Kruitwagen RF, Delvoux B, Visconti L, van de Vijver KK, Day JM,
van Gorp T, Hermans RJ, Dunselman GA, Romano A: Overexpression of
17B-hydroxysteroid dehydrogenase type 1 increases the exposure of
endometrial cancer to 17B-estradiol. J Clin Endocrinol Metab 2012,
97:E591-E601.

35. Falk RT, Xu X, Keefer L, Veenstra TD, Ziegler RG: A liquid chromatography-
mass spectrometry method for the simultaneous measurement of 15
urinary estrogens and estrogen metabolites: assay reproducibility and
interindividual variability. Caner Epidemiol Biomarkers Prev 2008, 17:3411-3418.

36.  Kraemer GR, Kraemer RR, Oqden BW, Kilpatrick RE, Gimpel TL, Castracane VD:
Variavility of serum estrogens among postmenopausal women treated
with the same transdermal estrogen therapy and the effect on androgens
and sex hormone binding globulin. Fertil Steril 2003, 79:534-542.

doi:10.1186/1472-6890-13-25

Cite this article as: Moon et al: Comparison of metabolic ratios of
urinary estrogens between benign and malignant thyroid tumors in
postmenopausal women. BMC Clinical Pathology 2013 13:25.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects and sample collection
	Chemicals and materials
	GC-MS-based quantitative estrogen profiling
	Statistical analysis

	Results
	Urinary concentrations of estrogens in patients with benign and malignant tumors
	Metabolic alterations with benign tumors and malignant PTCs

	Discussion
	Conclusions
	Additional file
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

