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Abstract
Well-differentiated thyroid cancer most frequently occurs in premenopausal women. Greater
exposure to estrogens may be a risk factor for thyroid cancer. To investigate the role of estrogens
in thyroid cancer, a spot urine sample was obtained from 40 women with thyroid cancer and 40
age-matched controls. Thirty-eight estrogen metabolites, conjugates and DNA adducts were
analyzed by using ultraperformance liquid chromatography/tandem mass spectrometry, and the
ratio of adducts to metabolites and conjugates was calculated for each sample. The ratio of
depurinating estrogen-DNA adducts to estrogen metabolites and conjugates significantly differed
between cases and controls (p<0.0001), demonstrating high specificity and sensitivity. These
findings indicate that estrogen metabolism is unbalanced in thyroid cancer and suggest that
formation of estrogen-DNA adducts might play a role in the initiation of thyroid cancer.
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Introduction
Well-differentiated thyroid cancer (papillary and follicular) is the most common endocrine
malignancy and most frequently occurs in premenopausal women. Rates of thyroid cancer in
women are estimated to be three times that of men, and overall rates of thyroid cancer have
been on the rise (1–4). The American Cancer Society estimates that 56,460 new cases of
thyroid cancer were diagnosed in 2012, and 43,210 were in women. It is estimated that 1780
people will die of thyroid cancer this year, of whom 1000 will be women (5).

Links between estrogens and thyroid cancer have been reported. Both estrogen receptor
alpha (ERα) and ERβ are present in thyroid tissue, and treatment with 17β-estradiol (E2) can
result in increased proliferation of both benign and malignant thyroid cells (6). E2 has also
been shown to activate the mitogen-activated protein kinase (MAPkinase) pathway and
mitogenesis can be blocked by either a MAPkinase inhibitor or an estrogen antagonist.
Additional studies have shown that E2 resulted in a growth response in thyroid cancer cells,
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acting through the G-coupled receptor 30 (GPR30) and the MAPkinase pathway (7). ERα
was shown to be present in 87.5% of patients with thyroid cancer diagnosed during
pregnancy and 31% of cancer diagnosed within the first post-partum year (8). ERβ was also
found to be over-expressed in thyroid cancers with invasive behavior (9). All of these
studies suggest that ER-mediated events may play a central role in the promotion and
progression of thyroid cancer similarly to other estrogen-mediated cancers, such as breast
cancer.

Several epidemiological studies suggest that women with thyroid cancer have an elevated
risk of developing breast cancer (6–10). Investigators at MD Anderson used the
Surveillance, Epidemiology and End Results (SEER) data collected by the National Cancer
Institute from 1973–1994 and found a relative risk of 1.42 (p=0.001) for breast cancer in
premenopausal Caucasian women with a previous diagnosis of thyroid cancer (11). This
population-based study utilizing 1,333,115 person-years of follow-up did not find that
women with breast cancer were at increased risk of developing thyroid cancer. A second
large study replicated these findings in women with thyroid cancer, but in addition found an
association between having breast cancer and later developing thyroid cancer (12). Ninety
percent of patients developed the second primary cancer within five years. In this study, the
preponderance of having both cancers was highest in Caucasian women 40 to 48 years of
age. However, other studies have found that the increase in breast cancer incidence occurred
in women prior to and after treatment for thyroid cancer, indicating that they may have a
common etiologic or genetic predisposition to both cancers or other malignancies (13,14).

We have previously published data showing increased levels of estrogen-DNA adducts in
patients with breast cancer, prostate cancer, and non-Hodgkin lymphoma (15–20). Because
of the possible association between thyroid cancer and estrogens, we sought to evaluate
whether the ratio of estrogen-DNA adducts to estrogen metabolites and conjugates is
elevated in women with well differentiated thyroid cancer compared to women without
thyroid cancer.

Methods
Materials

The estrogen metabolites 4-hydroxyestradiol (4-OHE2) and 4-hydroxyestrone (4-OHE1)
were synthesized as previously described (21). Quinone conjugates were synthesized by
using the procedure of Cao, et al. (22). Estrogen-DNA adducts were synthesized by
following reported methods (23–25). All other analytical standards were purchased from
Steraloids Inc. (Newport, RI). Phenyl solid phase extraction (SPE) cartridges were
purchased from Varian (Palo Alto, CA), and 5000 m.w. cutoff filters were purchased from
Millipore (Bedford, MA). All other chemicals and solvents were the highest analytical grade
available and purchased from Sigma-Aldrich (St. Louis, MO).

Study Population
Cases—Cases were obtained from women who had enrolled in the University of Nebraska
Thyroid Tumor and Cancer Collaborative Registry (TCCR). The registry collects extensive
demographic information including family history, occupational, and exposure analysis,
dietary and lifestyle habits, in addition to comprehensive medical history, coupled with a
biospecimen bank for blood, urine, and tissue on each person. Urine is collected at the time
the patient is enrolled in the registry. Biospecimens are not collected if the patient is
pregnant or lactating or is within 3 months of a radioactive iodine treatment or radiation
treatment. For this study, only women with differentiated thyroid cancer who were age
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matched to the controls were used. Urine was processed the same for all specimens as
described in the methods.

Normal Controls—Urine samples from the control subjects were obtained from volunteer
women recruited at the University of Nebraska Medical Center (UNMC) among patients and
staff. They did not have a history of any form of cancer, except possible basal or squamous
cell carcinoma of the skin. Inclusion criteria prohibited use of exogenous hormones within
the three months prior to collecting a urine sample.

The study protocol was approved by the Institutional Review Board, the Scientific Review
Committee, and the TCCR Steering Committee at UNMC.

Sample Collection
As part of the TCCR, a spot urine sample was collected from each participant with thyroid
cancer. Approximately 50 ml of urine was obtained in a urine specimen cup containing 1mg/
ml ascorbic acid (to prevent oxidation of catechol estrogen metabolites). Urine samples were
aliquoted, frozen and transferred to the Cavalieri-Rogan laboratory, UNMC, on dry ice and
stored at −80 °C until analysis. Thus, each analytical sample was thawed only once prior to
analysis. Urine samples from control subjects were collected, handled and stored in the same
way.

Laboratory Analysis
To minimize variation, storage (−80 °C) and transport (on dry ice) of all urine samples were
standardized. The samples were randomly divided into sets of 20 each and processed
identically. All of the study samples were analyzed in triplicate in a blinded fashion.

A 2-ml aliquot of each urine sample was partially purified by using the SPE phenyl
cartridges. The SPE cartridges were pre-conditioned with methanol and the loading buffer,
10 mM ammonium formate, pH 7. Before loading onto the SPE cartridge, the pH of each
urine sample was adjusted to 7 using HCl or NaOH, depending upon the initial condition.
The cartridges were washed with 250 μl of loading buffer, and then the compounds of
interest were eluted from the cartridge by using an elution buffer, methanol/10 mM
ammonium formate, pH 7 (90:10) with 1% acetic acid. The collected eluates were
concentrated with a SpeedVac and lyophilized. The lyophilized eluates were reconstituted in
50 μl of methanol-water solution (1:1) and passed through a 5000 m.w. cut-off filter. Then
10 μl of each sample was subjected to ultraperformance liquid chromatography/tandem mass
spectrometry (UPLC-MS/MS) analysis.

UPLC-MS/MS analyses were carried out with a Waters Acquity UPLC system connected
with a high performance Quattro Micro triple quadrupole mass spectrometer. Analytical
separation was carried out by injecting 10 μl of each partially purified urine sample into an
Acquity UPLC BEH C18 1.7 μm column (1 × 100 mm) at a flow rate of 0.15 ml/min. The
gradient started with 80% A (0.1% formic acid in H2O) and 20% B (0.1% formic acid in
CH3CN), changed to 79% A over 4 min, followed by a 6-min linear gradient to 45% A,
resulting in a total separation time of 10 min. The elutions from the UPLC column were
introduced to the Quattro Micro mass spectrometer.

The electrospray ionization (ESI) method was used in positive ion mode with a capillary
voltage of 3.0 kV, an extractor cone voltage of 3 V, and a detector voltage of 650 V.
Desolvation gas flow was maintained at 600 l/h. Cone gas flow was set at 60 l/h.
Desolvation temperature and source temperature were set to 200 °C and 100 °C,
respectively. Tandem mass spectrometry (MS/MS) was performed in a multiple reaction

Zahid et al. Page 3

Int J Cancer. Author manuscript; available in PMC 2014 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



monitoring (MRM) mode to produce structural information about a compound by
fragmenting specific parent ions inside the mass spectrometer and identifying the resulting
fragment ions. Resulting data were processed by using QuanLynx software (Waters) to
quantify the estrogen metabolites, conjugates and DNA adducts. The precision of these
analyses is provided by the limit of detection and coefficient of variation for the UPLC-MS/
MS method, which were presented earlier (15).

A batch of 20 samples was run in triplicate for UPLC-MS/MS analysis. For each batch of
samples, pure standards were used to optimize the UPLC-MS/MS conditions prior to
analysis. Also for each batch, the standard mixture was run before the first sample, after the
10th sample and after the last (20th) sample to prevent errors due to matrix effect and day-to-
day instrument variations. In addition, immediately after the initial standard and before the
first sample, one set of spiked samples was run to adjust for any drift in the retention time of
all estrogen-related compounds due to the matrix effect. After UPLC analysis, the mean
value was calculated for all the compounds detected in each sample.

The ratio of adducts to their respective metabolites and conjugates was calculated according
to the following formula (15):

The estrogen metabolites include 2-OHE1(E2) and 4-OHE1(E2). The conjugates include 2-
OCH3E1(E2), 4-OCH3E1(E2), 2-OHE1(E2)-1-glutathione (SG), 2-OHE1(E2)-4-SG, 2-
OHE1(E2)-1-cysteine (Cys), 2-OHE1(E2)-4-Cys, 2-OHE1(E2)-1-N-acetylcysteine (NAcCys),
2-OHE1(E2)-4-NAcCys, 4-OHE1(E2)-2-SG, 4-OHE1(E2)-2-Cys, and 4-OHE1(E2)-2-
NAcCys. The adducts include 4-OHE1(E2)-1-N3Ade, 4-OHE1(E2)-1-N7Gua, and 2-
OHE1(E2)-6-N3Ade.

The concentration of each of the compounds and the ratio of depurinating N3Ade and
N7Gua adducts to the sum of their respective estrogen metabolites and conjugates in each
urine sample provides a ratio, which reflects the degree of imbalance in estrogen metabolism
that may lead to cancer initiation. The results from one woman with thyroid cancer (sample
21) and one healthy control woman (sample 23) are presented in Table 1. The results from
additional samples are presented in supplemental information.

Statistical Analyses
The adduct ratios in women with thyroid cancer were compared to those in age-matched
control women (±7 years). Thyroid cases were described by type of thyroid cancer and stage
at diagnosis. Normality was assessed using the Shapiro-Wilk test. Age was normally
distributed, allowing the t-test to be used. A natural log transformation of the adduct ratio
resulted in a normally-distributed variable, which could be used in t-tests to compare the
ratio level in premenopausal and peri/postmenopausal women. Pearson’s correlation
coefficient was used to assess the linear relationship between age and the adduct ratio. Four
perimenopausal women were grouped with the menopausal women because androstenediol
profiles are altered in perimenopausal women (26,27) making them more similar to
menopausal women than to premenopausal women. Tests for significant differences in the
adduct ratio by type of thyroid cancer diagnosis and stage at diagnosis were limited due to
sample size.

Receiver operating characteristic (ROC) curves, generated using logistic regression, were
used to determine the power of the adduct ratio to discriminate between cases of thyroid
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cancer and controls using various threshold values of the adduct ratio. The area under the
ROC curve (AUC) represents the probability of correctly identifying a case of thyroid
cancer. If the adduct ratio showed a probability of 50%, then it would perform no better than
chance. An AUC of one means it is an infallible predictor of disease. Sensitivity and
specificity were calculated using five unit cut-off values generated from 2 × 2 frequency
tables in an iterative process. The 95% confidence interval around the “optimal” threshold
was calculated using the exact binomial distribution. Results of classification at each cut-off
point were plotted to visualize their relationship and determine the cutoff point with highest
sensitivity at a given level of specificity.

Lastly, we stratified by the adduct ratio cut-off point identified in the sensitivity-specificity
analysis and assessed whether premenopausal women were at an increased odds of thyroid
cancer if they had a high adduct ratio compared to post-menopausal women. We used
logistic regression in the group with a high adduct ratio to calculate the odds ratio (OR) for
being premenopausal and having thyroid cancer. Results were considered significant at the
p=0.05 confidence level. All analyses were conducted in SAS version 9.3.

Results
Patient characteristics

As expected, the mean age of cases did not differ from controls (p=0.95) (Table 2). Slightly
over half of the sample was premenopausal. Menopausal status was not associated with
having thyroid cancer (p=0.82) (Table 2). Of the 40 thyroid cancer cases, 31 (79.5%) were
papillary thyroid cancer; three, follicular thyroid cancer; four, a follicular variant of thyroid
cancer; one, hurthle cell thyroid cancer; and one, unknown type of thyroid cancer (the
patient was originally treated outside of our facility and we could not obtain her pathology).
The distribution of thyroid cancer subtypes is representative of thyroid cancer in the
population (2). According to the American Joint Commission on Cancer (AJCC) TNM
system of staging, 7th Edition, most of the thyroid cancers were stage 1 (n=28, 77.8%) and
the remaining cancers stage 2 (n=4) and 3 (n=4).

Estrogen metabolism in cases and controls
The ratio of depurinating estrogen-DNA adducts to estrogen metabolites and conjugates, as
defined in the Materials and Methods section, was calculated for each subject (Fig. 1). The
adduct ratio significantly differed between cases and controls [t=−11.90, df= 65, p<0.0001
(Table 2)]. Age was not significantly correlated with the adduct ratio (r=0.15, p=0.19). The
higher ratio in the cases indicates that estrogen metabolism is unbalanced in these women,
resulting in higher levels of the metabolites, catechol estrogen quinones, that react with
DNA to form estrogen-DNA adducts. The degree of imbalance in estrogen metabolism in
the women with thyroid cancer is great enough that the increased ratio of estrogen-DNA
adducts to metabolites and conjugates can be detected systemically, in the urine.

No significant differences (p=0.35) in the adduct ratio were identified between the 31 cases
with papillary (M=95.4, SD=65.8) compared to the 9 with follicular or other type of thyroid
cancer diagnosis (M=127.5, SD=94.3). The adduct ratio was similar (p=0.78) in the 28 with
stage 1 thyroid cancer (M=96.8, SD=78) as in the 8 with stage 2 or 3 cancer (M=102.9,
SD=64). The numbers were too small to stratify further by cancer type or stage.

Sensitivity and specificity
The ROC analysis showed that the adduct ratio did significantly better than chance at
identifying those with thyroid cancer (p<0.0001, Fig. 2). The AUC representing the average
sensitivity of the adduct ratio over the range of specificities was 0.99 (95% confidence
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interval 0.98–1.00). The specificity curve intersects the sensitivity curve at an adduct ratio
value of 30 (Fig. 3), demonstrating both high specificity and high sensitivity. At an adduct
ratio value of 20 (95% CI 0.91–1.00), the ratio correctly identified a woman as having
thyroid cancer 100% of the time. At this same cutoff value of 20, the specificity was 77.5,
which means that 77.5% of the time a women without thyroid cancer will be correctly
classified as not having cancer. Adjusting the analysis for menopausal status did not alter the
ROC results, despite the significant association between the adduct ratio and both
menopausal status and thyroid cancer (data not shown). We think the reason the adduct ratio
classifies women accurately is that it represents a net effect of both the activating and
protective enzyme activities in the pathway of estrogen metabolism.

Effects of menopausal status
The adduct ratio was significantly higher in menopausal women (cases and controls
combined) (n=37, M=62.1, SD=56.2, range 4.7–225) compared to premenopausal women
(n=43, M=54.6, SD=78.0, range 0.4–351) (t=2.33, df=71, p=0.02). However, in the women
with a ratio above 20, premenopausal women had elevated mean ratios compared to post-
menopausal women (premenopausal: n=22 M=99.7 SD=88.3 vs. post-menopausal: n=28
M=77.5 SD=56.5). Due to the ratio providing nearly perfect discrimination between cases
and controls, the logistic regression maximum likelihood models failed to converge. At a
cut-off of 20 or less, there were no women with thyroid cancer, resulting in a zero cell.
Given these constraints, we stratified the sample using the cut-off of 20 and analyzed the
group whose ratio was > 20 where there was greater heterogeneity. We then assessed
whether, in this subgroup, premenopausal women were at higher risk of thyroid cancer than
post-menopausal women. Compared to post-menopausal women, the OR for thyroid cancer
in premenopausal women was 9.95 (CI 1.15–86.0). The broad confidence interval reflects
the small sample size and greater variability in the adduct ratio in premenopausal women,
but the magnitude of the OR suggests the possibility that thyroid cancer risk may be higher
in premenopausal women with high adduct levels than menopausal women with high adduct
levels. This observation warrants further investigation in a larger sample.

Discussion and Conclusions
In this article, we report the novel finding that the ratio of depurinating estrogen-DNA
adducts to estrogen metabolites and conjugates is significantly elevated in women with well
differentiated thyroid cancer, compared to the ratio in age-matched control women (Fig. 1).

An imbalance in estrogen metabolism may, at least partially, explain the previous
associations between the risk of thyroid cancer and breast cancer (11,12). Preliminary results
suggest that a high adduct ratio in premenopausal women is more strongly associated with
thyroid cancer than in post-menopausal women. The adduct ratio showed greater variability
in the premenopausal women compared to post-menopausal women. This variability may
reflect a subset of premenopausal women who are at an elevated risk of developing breast
cancer.

The higher ratio of estrogen-DNA adducts to estrogen metabolites and conjugates in thyroid
cancer cases vs controls is similar to the results of previous studies in breast cancer (15–17),
prostate cancer (18,19) and non-Hodgkin lymphoma (20). The differentiation between cases
and controls (M = 102.7 vs M = 13.2, respectively) in this study is much more pronounced
than in the previous studies of other types of cancer (15–20). This study shows the ratio to
be a measure of estrogen imbalance with very high sensitivity and high specificity (Fig. 3 As
an overall measure of estrogen imbalance, the adduct ratio is nearly perfect at identifying
women with thyroid cancer and reasonably unlikely to misclassify women without thyroid
cancer.
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We hypothesize that initiation of thyroid cancer, analogously to breast cancer (15–17),
prostate cancer (18,19) and non-Hodgkin lymphoma (20), arises from the estrogens acting
not as hormones, but as chemicals that are metabolically activated to the ultimate
carcinogenic metabolites, estrogen-3,4-quinones (Fig. 4). Reaction of these metabolites with
DNA forms estrogen-DNA adducts that can initiate the series of events leading to thyroid
cancer. In this mechanism of cancer initiation, estrogen metabolism is unbalanced toward
oxidative metabolism. The estrogens, E1 and E2, are oxidized by cytochrome P450 1B1 to
the catechol estrogens, 4-OHE1(E2) and then to the estrogen 3,4-quinones [E1(E2)-3,4-Q],
which react with DNA to form the 4-OHE1(E2)-1-N3Ade and 4-OHE1(E2)-1-N7Gua
adducts (28). These adducts depurinate from DNA, leaving apurinic sites in the DNA that
can generate oncogenic mutations. These mutations start the process that can result in cancer
(Fig. 4).

Stable estrogen-DNA adducts comprise a small portion of total adducts formed by catechol
estrogen quinones. In vitro, reaction of catechol estrogen quinones or enzyme-activated
catechol estrogens with DNA resulted in at least 99% depurinating adducts and less than 1%
stable adducts [25]. In the animal models mouse skin and rat mammary gland treated with
E2-3,4-quinone, depurinating adducts comprised more than 99% of the total adducts formed,
with less than 1% stable adducts [29,30]. In addition, the marginally carcinogenic 2-OHE2
[31–33] forms 10–40 times more stable adducts when reacted with DNA in vitro than the
carcinogenic 4-OHE2 [34]. These results strongly support a critical role of depurinating
estrogen-DNA adducts and a minimal role of stable estrogen-DNA adducts in cancer
initiation.

The estrogen-DNA adducts travel through the circulatory system and can be measured in the
urine or serum (Fig. 1) (15–20). This finding is consistent with the hypothesis that formation
of depurinating estrogen-DNA adducts, which generate apurinic sites in the DNA, leads to
mutations that can initiate the series of events resulting in thyroid cancer (28).

Limitations of this study include the relatively small sample size and the need for
confirmation in larger studies. The results of this initial study of the elevated formation of
estrogen-DNA adducts in women with well differentiated thyroid cancer suggest other
studies that should be pursued.

Since the ratio appears to have an extremely high sensitivity and specificity for thyroid
cancer, it could potentially act as a biomarker in patients with thyroid nodules. In this study,
we compared women with and without thyroid cancer, but did not include women with
thyroid nodules. An important next step will be to evaluate whether the ratio of estrogen-
DNA adducts to estrogen metabolites and conjugates is significantly different in women
with thyroid nodules leading to thyroid cancer, compared to women with thyroid nodules
that do not progress to thyroid cancer. If this proves to be true, this result would provide
additional support for the ratio as a potential biomarker for thyroid cancer risk in patients
with indeterminate biopsies or thyroid nodules that are too small to evaluate with biopsy.

In conclusion, estrogen metabolism was unbalanced and the ratio of depurinating estrogen-
DNA adducts to estrogen metabolites and conjugates was significantly higher in women
with well differentiated thyroid cancer compared to control women not diagnosed with
cancer (p<0.0001). These results suggest that formation of estrogen-DNA adducts could be
the initiating event for women developing thyroid cancer.

Furthermore, future studies of the formation of depurinating estrogen-DNA adducts in
relation to thyroid cancer may suggest approaches for prevention.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Novelty and Impact Statements

The novelty of this article is the demonstration of unbalanced estrogen metabolism
resulting in formation of estrogen-DNA adducts in women with thyroid cancer compared
to women without thyroid cancer. This suggests that formation of estrogen-DNA adducts
plays a major role in the etiology of thyroid cancer in women.
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Figure 1.
Ratio of urinary depurinating estrogen-DNA adducts to estrogen metabolites and conjugates
for women diagnosed with thyroid cancer (cases) or not diagnosed with cancer (controls).
The ratio is defined in the Materials and Methods Section. The dotted line representing a
ratio of 30 is the cross-over point for sensitivity and specificity of the ratio (see Fig. 3).
Insert: Ratios presented as median values and ranges (min to max). The diamonds represent
the mean values.
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Figure 2.
Receiver Operating Characteristic curve of sensitivity vs. 1-specificity calculated from
logistic regression models.
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Figure 3.
Sensitivity and specificity at cut-points from 0 to 350 of the DNA adduct ratio in 40 cases of
thyroid cancer and 40 non-cancer controls; sensitivity equals specificity at an adduct ratio
cut-off value of 30.
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Figure 4.
Preponderant metabolic pathway in cancer initiation by estrogens.
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Table 1

Results from a representative case and a control

No. Compound Thyroid Cancer Sample 21 Age 47 years (pg/μl) Thyroid Control Sample 23 Age 47 years (pg/μl)

1 2-OHE2 18.7 ± 4.9 58.7 ± 12.6

2 2-OHE1 48.7 ± 4.7 31.7 ± 18.5

3 4-OHE2 29.5 ± 4.8 30.6 ± 9.0

4 4OHE1 156.7 ± 41.8 146.6 ± 14.6

5 2-OCH3E2 51.9 ± 3.3 44.9 ± 5.6

6 2-OCH3E1 28.0 ± 14.7 233.1 ± 133.6

7 4-OCH3E2 11.9 ± 7.5 63.8 ± 30.4

8 4-OCH3E1 29.5 ± 18.4 297.6 ± 60.6

9 2-OHE2-1-SG 12.4 ± 2.7 11.8 ± 3.3

10 2-OHE2-4-SG 9.2 ± 2.6 14.9 ± 4.1

11 2-OHE1-1-SG 8.0 ± 1.6 11.3 ± 3.6

12 2-OHE1-4-SG 8.6 ± 0.8 11.3 ± 3.6

13 2-OHE2-1+4-Cys 3.6 ± 2.7 18.5 ± 5.2

14 2-OHE1-1-Cys 0.5 ± 0.2 10.1 ± 3.0

15 2-OHE1-4-Cys 0.5 ± 0.2 10.1 ± 3.0

16 2-OHE2-1-NAcCys 2.1 ± 2.4 9.1 ± 2.2

17 2-OHE2-4-NAcCys 2.1 ± 2.3 9.1 ± 2.2

18 2-OHE1-1-NAcCys 3.2 ± 2.0 8.2 ± 4.3

19 2-OHE1-4-NAcCys 3.2 ± 2.0 8.2 ± 4.3

20 4-OHE2-2-SG 26.4 ± 4.4 21.0 ± 5.0

21 4-OHE1-2-SG 10.1 ± 3.8 31.3 ± 9.7

22 4-OHE2-2-Cys 4.0 ± 2.7 17.4 ± 4.5

23 4-OHE1-2-Cys 4.9 ± 3.0 12.8 ± 8.7

24 4-OHE2-2-NAcCys 1.9 ± 0.5 15.5 ± 3.4

25 4-OHE1-2-NAcCys 3.2 ± 1.2 5.9 ± 3.7

26 4-OHE2-1-N7Gua 9.3 ± 0.9 2.2 ± 0.9

27 4-OHE1-1-N7Gua 24.5 ± 2.2 2.0 ± 0.8

28 4-OHE2-1-N3Ade 31.6 ± 8.1 2.1 ± 0.7

29 4-OHE1-1-N3Ade 8.8 ± 2.7 2.0 ± 0.4

30 2-OHE2-6-N3Ade 10.7 ± 2.6 1.0 ± 0.3

31 2-OHE1-6-N3Ade 1.7 ± 0.6 2.0 ± 0.3

Ratio Ratio

330.7 ± 27.7 23.1 ± 6.1
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Table 2

Characteristics of thyroid cancer cases (n= 40) and controls (n=40).

Characteristic Thyroid cancer Control Entire Sample

Continuous variables (Mean ± SD)

Age 46.7 ± 12.5 46.5 ± 9.77 46.6 ± 11.1

DNA adduct ratio * 102.7 ± 73.1 13.5 ± 8.91 58.1 ± 68.5

Categorical variables n (%)

Peri/Post-Menopausal

 Yes 19 (47.5) 18 (45.0) 37 (46.3)

 No 21 (52.5) 22 (55.0) 43 (53.7)

Binary adduct ratio *

 <= 20 0 30 (75.0) 30 (37.5)

 > 20 40 (100.0) 10 (25.0) 50 (62.5)

*
P<0.0001
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