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Abstract

Background Thyroid hormone (TH) metabolism can have prognostic significance in brain tumors. We studied the asso-
ciation of common variations in three deiodinase gene single-nucleotide polymorphisms (SNPs) with circulating TH con-
centrations and prognosis of brain tumor patients.

Methods Patients admitted for glioma and meningioma surgery between January, 2010 and September, 2011 were evaluated
for functional status (Barthel Index or BI) and circulating free tri-iodothyronine (FT3), free thyroxine (FT4), and thyroid-
stimulating hormone (TSH) concentrations. Ten common SNPs in the DIO! gene; five SNPs in the DIO2 gene; and one SNP
in the DIO3 gene were genotyped. Follow-up continued until November, 2017.

Results In glioblastoma patients, the DIO! SNP 152235544 CC genotype was associated with significantly lower risk of
death at 2 years when compared to AA + CA genotypes after adjusting for patient gender, age, pre-operative functional
status, adjuvant therapy, and extent of resection (HR = 0.34, 95% CI: 0.13-0.84, p = 0.019). The TT genotype vs. CC + TC
genotypes of the DIO2 SNP rs12885300 was associated with increased mortality risk after adjusting for patient gender, age,
pre-operative functional status, adjuvant therapy, extent of resection, and FT3/FT4 (HR =3.13, 95% CI: 1.20-8.16, p<
0.019). The C-allele of the DIOI SNP rs2235544 was related to increased circulating free T3/ free T4 ratio in glioma and
meningioma patients, indicating greater T4 to T3 conversion.

Conclusions SNPs of DIOI gene (1s2235544) and DIO2 gene (rs12885300) have independent prognostic significance in
glioblastoma patients. The C-allele of the DIOI (rs2235544) is associated with greater T4 to T3 conversion.

Keywords Glioma * Deiodinase - Glioblastoma - Survival

Introduction

Thyroid hormones (THs) are important for normal brain
development and tissue metabolism in healthy individuals
and in severely ill patients. Activity of the Hypothalamic-
pituitary-thyroid (HPT) axis is closely controlled by the
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hypothalamic thyrotropin-releasing hormone (TRH) and via
negative feedback of circulating THs on the hypothalamus
and pituitary gland. TRH stimulates the anterior pituitary
gland to synthetize and release thyroid-stimulating hormone
(TSH) that in turn activates the thyroid gland to produce and
release thyroxin (T4) and tri-iodothyronine (T3), the latter
of which is the more potent of the two thyroid gland hor-
mones. Circulating and tissue concentrations of T3 and T4
are closely regulated by balanced action of deiodinase
enzymes [1, 2]. Deiodinase type 1 (D1) and type 2 (D2)
enzymes convert T4 to T3 via 5’-deiodination resulting in
increase of T3 production. Type 3 deiodinase (D3) deacti-
vates THs by T4 to reversed T3 (1T3) and T3 to 3,3'-
Diiodthyronine (3,3’-T2) conversion. The brain maintains
tissue concentrations of THs by regulating TH transport
across the blood-brain barrier and into neurons, and by T4
to T3 deiodination [3, 4]. Deiodinase enzyme functional
activity, and consequentially circulating and tissue TH
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concentration is defined by common genetic variations of
the deiodinase enzyme encoding genes [5, 6].

Impairment of TH metabolism is common in critically ill
patients, and has clinical-prognostic significance [7-9].
Reduced serum T3 concentration (as in the Low
T3 syndrome) is the most commonly described pattern of
impaired TH metabolism in critical illness and is attributed
both to suppressed central drive of the HPT-axis, impaired
T4 to T3 conversion and increased thyroid hormone inac-
tivation by D3 [2, 10]. Down-regulation of D1 expression
was documented in solid non-thyroidal cancers [11]. Also,
deiodinase enzyme activity can be suppressed by inflam-
matory response that is common in cancer patients [2]. To
date, the DIO genetic polymorphisms have received the
most attention in patients with thyroid disorders, such as
hypothyroidism and thyroid cancer [5, 11]. Studies
exploring the importance of DIO enzyme genetic poly-
morphisms in patients with non-thyroidal disorders are
lacking. The Low T3 syndrome is a common complication
in brain tumor patients, and lower circulating T3 con-
centrations were linked to worse health-related quality of
life [12], greater mood symptom issues, cognitive impair-
ment, and shorter survival [13, 14]. Furthermore, it was
shown that THs play a role in glioma cell signaling and
proliferation [15, 16]. However, there are no studies
investigating possible association of common genetic var-
iations of deiodinase genes with circulating TH concentra-
tions and prognosis of brain tumor patients.

We undertook this prospective study aiming to assess the
possible role of common variations in the deiodinase genes
in relation to circulating TH concentrations and prognosis of
brain tumor patients. We selected SNPs of three deiodinase
enzyme genes that covered a large proportion of common
genetic variations across three genes.

Methods
Study design and patients

The Biomedical Research Ethics Committee at the Lithua-
nian University of Health Sciences, Kaunas, Lithuania
approved the study and its consent procedures. Each patient
gave written informed consent before enrollment in
the study.

Patients for this prospective observational cohort study
were recruited from the Department of Neurosurgery of
Lithuanian University of Health Sciences Kaunas Clinics,
Kaunas, Lithuania, in a period from January, 2010 until
September, 2011. Consecutive adult patients admitted at our
department were studied. The study exclusion criteria cov-
ered the established diagnosis of acute infections or docu-
mented chronic inflammatory disorders. Patients diagnosed

@ Springer

with metastatic brain tumors and known thyroid disease
were also excluded.

Before tumor surgery patients were prospectively eval-
uated for demographic characteristics (age and gender),
functional status (Barthel Index or BI [17]) and previously
received treatments(s) for brain tumor. Blood samples were
drawn in the morning for genotyping and for evaluation of
serum TSH, free T3 and free T4 concentrations. Extent of
tumor resection was verified from operative reports and
postoperative CT scans. All brain tumor patients had his-
tological verification that was recorded from pathology
reports. Information about adjuvant therapies was obtained
from medical records.

Mortality data were obtained from the National Death
Registry on November, 2017 by using the Lithuanian
equivalent of social security number. Patients who survived
longer than November 2017 were censored.

DNA extraction and genotyping

Blood samples were stored at —40°C until analysis.
Genomic DNA was extracted from peripheral blood leu-
kocytes. Ten SNPs in the DIOI gene (rs10888818,
rs12084242, 1511206237, r1s11206244, rs2294511,
rs4926616, r1s731828, rs926456, 152235544, and
rs2294512); five SNPs in the DIO2 gene (rs225011,
rs2267873, rs225015, rs225014, and rs12885300); and one
SNP in the gene DIO3 (rs945006) were genotyped using
predesigned TagMan assays with a 7500TM real-time
cycler, in accordance with the manufacturer’s instructions
(Life Technologies, CA, USA). Genotype assignments were
confirmed with the SDS 2.0.5 software. After completion of
genotyping 5% of samples in each genotype group were
selected for repetitive analysis with a 100% concordance
rate. Samples that failed to genotype were recorded as
undetermined.

Assessment of HPT-axis hormone concentration

Blood samples were rapidly centrifuged and serum was
frozen at —40 °C until analyses. Serum concentrations of
free T3, free T4, and TSH (Tosoh AIA 600/21/1800) were
assessed by radioimmunoassay. The reference values were
as follows: free T3, 2—4 pg/ml; free T4, 7-17 pg/ml; and
TSH, 0.25-4.5 pIU/ml.

Statistical analysis

Genotype frequencies were calculated and Hardy—Weinberg
equilibrium was assessed for each SNP using a y* goodness-
of-fit test [18]. Linkage disequilibrium between SNPs was
obtained using the EM algorithm [19]. The associations of
all studies SNPs and overall survival of glioblastoma and
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meningioma  patients were estimated using the
Kaplan—Meier methods and log-rank tests. Cox proportional
hazards regression analyses were performed to evaluate the
SNPs effect on the risk of death calculated as hazard ratios
(HRs) with their corresponding 95% confidence intervals
(CIs). Significant HRs were adjusted for patient gender, age,
pre-operative functional status (BI score), adjuvant therapy
(radiotherapy and chemotherapy), extent of resection, and
free T3 to free T4 ratio.

Linear regression was used to assess the relationship
between studied SNPs and the ratio of free T3 to free T4 in
the total sample of brain tumor patients. Genotype was used
as an independent variable and free T4 to free T3 ratio as
the dependent variable. Significant associations were
adjusted for gender and age. The level of statistical sig-
nificance was set at p < 0.05. Data analyses were performed
using IBM SPSS Statistics v.20 (IBM Corp., Armonk,
NY, USA).

Results

We analyzed 60 glioblastoma (41.7% male), 8 anaplastic
astrocytoma, 27 low-grade, and 140 meningioma patients
(Table 1). The median age of glioblastoma patients was
58.5 years, and ranged between 30 and 82 years. Median
age of total patient sample was 59 years.

The distribution of the analyzed genotypes matched the
Hardy—Weinberg equilibrium in the glioblastoma patients

Table 1 Baseline characteristics

Characteristics Glioblastoma All patients
n 60 227

Male, n (%) 25 (41.7) 63 (30.1)
Age, median 58.5 (30-82) 59 (20-83)
(range), years

Death, n (%) 59 (98.3) 91 (40.1)

Survival, median
(range), days

249 (12-1755)

1613 (8-2056)

Gross total resection, 50 (83.3) 193 (85.0)
n (%)

Subtotal resection n (%) 8 (13.3) 21 (9.3)
Biopsy, n (%) 0 (0) 1(0.4)
Recurrent diseases, n (%) 15 (25.0) 66 (29.1)
Adjuvant treatment, n (%) 46 (76.6) 62 (27.3)
Radiotherapy, n (%) 44 (73.3) 62 (27.3)
Chemotherapy, n (%) 22 (36.7) 25 (11.0)
fT3/fT4, mean (SD) 0.28 +0.09 0.31+0.10

TSH, median
(range), ilUml

0.61 (0.006-13.02)

0.71 (0.006-13.02)

JT3 free tri-iodothyronine, fT4 free thyroxine, 7SH thyroid-stimulating
hormone, SD standard deviation

and in the total sample (all p >0.05) with the exception of
DIO1 SNP 1511206237 and DI02 SNP 152267873 that were
therefore excluded from further analysis.

Kaplan—Meier analyses and log-rank tests demonstrated
that there was a certain trend toward significant association
between DIOI SNP rs2235544 with 2-year survival, and a
significant association between DI02 SNP rs12885300 with
2-year survival (p = 0.042) and overall survival time (p =
0.041) of glioblastoma patients (Figs. 1 and 2).

In addition, Kaplan—-Meier analysis showed a near-
significant trend for association between DIOI SNP
1$2294512 and 2-year survival (log-rank test p =0.052):
glioblastoma patients with AA genotype had higher overall
survival than patients with GA and GG genotypes. How-
ever, due to a small size of AA genotype group (four cases)
further analysis was not carried out.

For rs2235544 SNP, glioblastoma patients with AA and
CA genotypes had lower overall survival than patients with
CC genotype (264 days [95% CI: 209.2-318.8], 191 days
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Fig. 1 Kaplan—Meier plot of overall survival for glioblastoma patients
by genotype of DIOI SNP rs2235544
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Fig. 2 Kaplan—Meier plot of overall survival for glioblastoma patients
by genotype of DI02 SNP rs12885300
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Table 2 Frequencies of DIOI SNP rs2235544, DIO2 SNP rs12885300
genotypes and median survival day of glioblastoma patients

Model n (%)

Survival, median
(range), days

Genotype

Genotypes of DIO! SNP rs2235544
Codominant ~ A/A 20 (33.3) 271 (14-1206)

C/A 32 (53.4) 204 (12-1755)
c/C 8 (13.3) 357 (87-1171)
Dominant A/A 20 (33.3) 271 (14-1206)

C/A+C/C 40 (66.7) 227 (12-1755)
A/A 4+ C/A 52 (86.7) 233 (12-1755)
C/IC 8 (13.3) 357 (87-1171)
Overdominant A/A +C/C 28 (46.7) 301 (14-1206)
C/A 32 (53.3) 204 (12-1755)
Genotypes of DI02 SNP rs12885300
Codominant  C/C 20 (34.5) 215 (65-1171)
T/C 26 (44.8) 322 (32-1755)
T/T 12 (20.7) 171 (12-438)
Dominant C/IC 20 (34.5) 215 (65-1171)

Recessive

T/IC+T/T 38 (65.5) 276 (12-1755)
Recessive C/IC+TIC 46 (79.3) 269 (32-1755)
T/T 12 (20.7) 171 (12-438)
Overdominant C/C+T/T 32 (55.2) 204 (12-1171)
T/C 26 (44.8) 322 (32-1755)
[95% CI. 109.2-272.8], and 352 days [95% CIL

338.1-365.9], respectively; Fig. 1). The log-rank test for 1-
year and overall survival was not significant (p = 0.239 and
p=0.199, respectively), however, it shows a tendency
towards statistical significance for 2-year survival (p =
0.077, Fig. 1). For rs12885300 SNP, glioblastoma patients
with CC and TC genotypes had higher overall survival than
patients with the TT genotype (191 days [95% CI:
99.0-283.0], 314 days [95% CI. 234.0-394.0], and
127 days [95% CI: 0.0-356], respectively; log-rank test for
2-year and overall survival p =0.042 and p = 0.041, Fig.
2).

Frequencies of DIOI SNP 152235544, DI02 SNP
rs12885300 genotypes and median survival days in glio-
blastoma patients are presented in Table 2. Cox proportional
hazards regression analysis for 1-year, 2-year, and overall
survival was carried out in glioblastoma patients for the
rs2235544 and rs12885300 SNPs (Table 3). A recessive
model showed that DIO] SNP rs2235544 CC genotype
patients had significantly lower risk of death at 2 years
when compared to patients with AA + CA genotypes in the
adjusted regression model (HR = 0.34, 95% CI: 0.13-0.84,
p=0.019) and a clear tendency to significance if free T3/
free T4 was included in the model (HR =0.39, 95% CI:
0.15-1.01, p =0.054). In the overdominant model, the CA
genotype when compared to AA + CC genotype was
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significantly associated with the increased hazards of death
at 2 years in unadjusted and fully adjusted regression model
(HR =2.12, 95% CI: 1.13-4.00, p =0.020). In the codo-
minant and dominant models there were no significant
associations between allele combination and survival.

The TC genotype of the DIO2 SNP rs12885300 was
associated with a decreased overall risk of death when
compared to CC genotype in the codominant model
adjusted for gender, age, pre-operative functional status,
adjuvant therapy, extent of resection, and free T3/free T4
(HR 0.26, 95% CI: 0.12-0.59, p = 0.001).

In the recessive model, the TT genotype vs. CC + TC
genotypes significantly increased the overall risk of death in
adjusted regression analysis (HR=3.13, 95% CI:
1.20-8.16, p =0.019). The overdominant model showed
that the TC genotype vs CC+TT genotype was sig-
nificantly associated with the decreased overall hazards of
death (adjusted HR = 0.24, 95% CI: 0.11-0.50, p <0.001).

After Bonferroni correction, glioblastoma patients car-
rying the DIO2 SNP rs12885300 TC genotype showed a
lower risk of death compared to those carrying the TT or
CC genotypes (at the level of p <0.00625 (0.05/8), 2 SNPs
and 4 genetic models).

Analysis of linkage disequilibrium did not show evi-
dence of a linkage disequilibrium between the polymorph-
isms DIOI SNP rs2235544 and D102 SNP rs12885300 (D’
=0.082, ¥* =0.0057) in glioblastoma patients.

In meningioma patients, only DI0I SNP rs12084242 was
associated with overall survival (log-rank test p <0.001).
Patients with AA genotype had lower overall survival than
patients with TA and TT genotypes. Further analysis was
not carried out due to a small size of AA genotype group (2
cases).

The DIO1 SNP rs2235544 was associated with free T3/
free T4 ratio of glioblastoma, anaplastic astrocytoma, low-
grade patients, and meningioma patients (Table 4). The C-
allele was related to the increased free T3 to free T4 ratio
indicating greater T4 to T3 conversion. The association,
however, did not remain significant after Bonferroni cor-
rection at the level of p <0.0125 (0.05/4; two SNPs and two
dependent variables, T3 to free T4 ratio and TSH levels;
Table 4). The remaining SNPs were not associated with free
T3 to free T4 ratio, nor with TSH concentration
(Tables 4 and 5).

Discussion

This was the first study investigating possible clinical sig-
nificance of deiodinase genetic polymorphisms in brain
tumor patients. To date the majority of studies have ana-
lyzed DIO gene polymorphism general populations and in
patients with thyroid gland disorders (hypothyroidism and
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Table 3 Cox proportional hazards regression models for mortality in glioblastoma patients
Model Genotype Unadjusted Adjusted® Adjustedb
HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value
Genotypes of DIO] SNP rs2235544, n = 60, H-W p =0.390
1 year
Codominant A/A 1 1 1
C/A 1.53 0.216 1.81 0.128 1.79 0.146
(0.78-2.99) (0.84-3.88) (0.82-3.92)
C/IC 0.77 0.623 0.53 0.270 0.57 0.360
(0.27-2.17) (0.17-1.65) (0.17-1.89)
Dominant A/A 1 1 1
C/A 4 C/C 1.31 0411 1.33 0.448 1.40 0.390
(0.69-2.52) (0.64-2.77) (0.65-2.99)
Recessive A/A + C/A 1 1 1
C/IC 0.60 0.281 0.36 0.052 0.39 0.078
(0.23-1.53) (0.13-1.01) (0.13-1.11)
Overdominant A/A +C/C 1 1 1
C/A 1.65 0.106 2.27 0.019 2.17 0.028
(0.90-3.04) (1.144.49) (1.09-4.40)
2 years
Codominant A/A 1 1 1
C/A 1.54 0.149 1.75 0.094 0.73 0.129
(0.86-2.77) (0.91-3.38) (0.85-3.53)
C/IC 0.62 0.319 0.46 0.132 0.56 0.271
(0.25-1.56) (0.17-1.26) (0.19-1.58)
Dominant A/A 1 1 1
C/A +C/C 1.24 0.458 1.23 0.520 1.29 0.462
(0.70-2.18) (0.66-2.30) (0.66-2.51)
Recessive A/A +C/IA 1 1 1
C/IC 0.49 0.101 0.34 0.019 0.39 0.054
(0.21-1.15) (0.13-0.84) (0.15-1.01)
Overdominant A/A+C/C 1 1 1
C/A 1.76 0.040 2.26 0.008 2.12 0.020
(1.03-3.03) (1.24-4.12) (1.13-4.00)
Overall 4.8 years
Codominant A/A 1 1 1
C/A 1.42 0.225 1.58 0.157 1.63 0.170
(0.81-2.51) (0.84-2.96) (0.81-3.26)
C/IC 0.74 0.484 0.60 0.259 0.66 0.401
(0.33-1.70) (0.25-1.46) (0.25-1.74)
Dominant A/A 1 1 1
C/A 4+ C/C 1.20 0.519 1.19 0.571 1.26 0.490
(0.70-2.05) (0.65-2.17) (0.66-2.41)
Recessive A/A 4+ C/A 1 1 1
C/IC 0.62 0.206 0.46 0.060 0.49 0.114
(0.29-1.31) (0.21-1.03) (0.21-1.19)
Overdominant A/A +C/C 1 1 1
C/A 1.56 0.096 1.89 0.029 1.88 0.046
(0.93-2.62) (1.07-3.33) (1.01-3.49)

Genotypes of DI02 SNP rs12885300, n =58, H-W p =0.5120

1 year
Codominant

C/IC
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Table 3 (continued)

Model Genotype Unadjusted Adjusted® Adjustedb
HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value
T/C 0.67 0.265 0.37 0.020 0.32 0.010
(0.33-1.36) (0.16-0.86) (0.13-0.76)
T/T 1.46 0.354 1.49 0.494 2.36 0.174
(0.66-3.25) (0.48-4.62) (0.69-8.01)
Dominant C/C 1 1 1
T/C +T/T 0.85 0.612 0.46 0.057 0.43 0.048
(0.45-1.61) (0.21-1.03) (0.18-0.99)
Recessive C/C +T/C 1 1 1
T/T 1.83 0.098 3.06 0.025 4.80 0.006
(0.90-3.74) (1.15-8.14) (1.57-14.65)
Overdominant C/C+T/T 1 1 1
T/C 0.58 0.095 0.32 0.002 0.26 0.001
(0.31-1.01) (0.16-0.67) (0.11-0.57)
2 years
Codominant C/IC 1 1 1
T/C 0.60 0.110 0.37 0.006 0.25 0.001
(0.32-1.12) (0.18-0.76) (0.11-0.56)
T/T 1.45 0.320 1.35 0.537 1.59 0.398
(0.70-2.99) (0.52-3.50) (0.54-4.68)
Dominant C/IC 1 1 1
T/C + T/T 0.77 0.368 0.47 0.029 0.35 0.007
(0.44-1.36) (0.24-0.93) (0.16-0.75)
Recessive C/C+T/C 1 1 1
T/T 1.93 0.049 2.62 0.024 3.51 0.012
(1.00-3.72) (1.13-6.06) (1.32-9.32)
Overdominant C/IC+T/T 1 1 1
T/C 0.53 0.027 0.34 0.001 0.22 <0.001
(0.30-0.93) (0.18-0.64) (0.11-0.47)
Overall 4.8 years
Codominant C/IC 1 1 1
T/C 0.61 0.105 0.39 0.006 0.26 0.001
(0.33-1.11) (0.20-0.77) (0.12-0.59)
T/T 1.45 0.310 1.26 0.624 1.45 0.499
(0.71-3.00) (0.50-3.31) (0.50-4.20)
Dominant C/IC 1 1 1
T/C+T/T 0.77 0.346 0.48 0.026 0.36 0.009
(0.44-1.33) (0.25-0.91) (0.17-0.78)
Recessive C/C +T/C 1 1 1
T/T 1.93 0.049 2.40 0.037 3.13 0.019
(1.00-3.72) (1.06-5.47) (1.2-8.16)
Overdominant C/C+T/T 1 1 1
T/C 0.54 0.026 0.36 0.001 0.24 <0.001
(0.31-0.93) (0.20-0.66) (0.11-0.50)

H-W p p value for Hardy—Weinberg equilibrium
*Adjusted for sex, age, XRT, CHT, BI1, and GTR
bAdjusted for sex, age, XRT, CHT, BIl, GTR, and fT3/fT,

thyroid cancer) and mental disorders. We found a prog- showed that common variations in the DIOI gene
nostic significance of the DIOI gene (1s2235544) and DIO2 (rs2235544) and DIO2 gene (rs12885300) were associated
gene (rs12885300) in glioblastoma patients. Our results  with overall survival of glioblastoma patients independently
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Table 4 fT3/fT, ratio by genotype in glioma and meningioma patients
Common homozygous Heterozygous Minor homozygous p for trend
SNP Mean (95% CI) n Mean (95% CI) n Mean (95% CI) n Unadjusted Adjusted®
Doll
1s2235544 0.29 (0.27-0.32) 68 0.30 (0.28-0.32) 93 0.34 (0.30-0.37) 41 0.049 0.023
rs10888818 0.31 (0.29-0.33) 135 0.31 (0.28-0.33) 64 0.26 (0.19-0.32) 0.523 0.538
rs12084242 0.31 (0.29-0.32) 179 0.28 (0.25-0.31) 18 0.29 (0.00-1.44) 0.302 0.412
rs11206244 0.31 (0.29-0.34) 76 0.31 (0.29-0.33) 97 0.28 (0.25-0.31) 29 0.248 0.159
rs2294511 0.31 (0.28-0.33) 84 0.31 (0.29-0.33) 94 0.29 (0.25-0.33) 28 0.449 0.498
rs4926616 0.31 (0.28-0.33) 74 0.31 (0.29-0.32) 105 0.31 (0.27-0.36) 24 0.869 0.951
rs731828 0.31 (0.29-0.33) 84 0.30 (0.28-0.33) 85 0.31 (0.27-0.35) 28 0.936 0.898
1$926456 0.31 (0.28-0.34) 53 0.31 (0.29-0.33) 92 0.31 (0.29-0.34) 53 0.800 0.850
rs2294512 0.30 (0.28-0.32) 100 0.31 (0.29-0.33) 87 0.31 (0.26-0.37) 18 0.465 0.414
Do
rs225011 0.31 (0.29-0.33) 84 0.31 (0.28-0.33) 83 0.31 (0.28-0.35) 26 0.934 0.910
rs225015 0.31 (0.29-0.33) 109 0.30 (0.28-0.32) 82 0.32 (0.28-0.37) 15 0.077 0.107
rs225014 0.31 (0.29-0.33) 99 0.31 (0.29-0.33) 88 0.32 (0.28-0.36) 16 0.933 0.921
rs12885300 0.31 (0.28-0.33) 65 0.32 (0.30-0.34) 100 0.28 (0.25-0.31) 32 0.343 0.600
DoI3
rs9450006 0.31 (0.29-0.32) 180 0.33 (0.28-0.38) 21 - 0 0.465 0.414
JT3 free tri-iodothyronine, f74 free thyroxine, 7SH thyroid-stimulating hormone
*Adjusted for sex and age
Statistically significant p values (<0.05) are presented in bold
Table 5 TSH by genotype in glioma and meningioma patients
Common homozygous Heterozygous Minor homozygous p for trend
SNP Mean (95% CI) n Mean (95% CI) n Mean (95% CI) n Unadjusted Adjusted®
Dol
1s2235544 0.97 (0.56-1.38) 68 1.21 (0.98-1.43) 94 1.05 (0.64-1.45) 41 0.647 0.566
rs10888818 1.13 (0.88-1.38) 136 1.08 (0.81-1.35) 64 0.45 (0.21-0.87) 6 0.785 0.817
rs12084242 1.07 (0.88-1.27) 180 0.89 (0.59-1.19) 18 3.09 (0.00-37.87) 2 0.689 0.562
rs11206244 1.06 (0.78-1.33) 76 1.24 (0.91-1.55) 98 0.78 (0.55-1.01) 29 0.670 0.699
1s2294511 1.11 (0.85-1.36) 84 1.03 (0.72-1.34) 94 1.22 (0.74-1.70) 29 0.775 0.666
rs4926616 1.29 (0.86-1.72) 74 0.92 (0.75-1.09) 105 1.18 (0.80-1.55) 25 0.577 0.589
rs731828 1.09 (0.85-1.34) 84 1.03 (0.70-1.35) 85 1.26 (0.74-1.78) 28 0.964 0.965
15926456 1.15 (0.83-1.48) 54 1.07 (0.75-1.39) 92 1.05 (0.78-1.40) 53 0.922 0.865
1s2294512 1.18 (0.94-1.41) 100 1.03 (0.69-1.36) 87 0.85 (0.53-1.17) 18 0.243 0.240
DoI2
1s225011 1.25 (0.87-1.63) 84 0.99 (0.77-1.21) 84 0.87 (0.65-1.09) 26 0.900 0.910
1s225015 1.21 (0.90-1.51) 109 1.00 (0.78-1.22) 83 0.83 (0.57-1.09) 15 0.945 0.937
15225014 1.22 (0.88-1.55) 99 1.01 (0.80-1.23) 89 0.84 (0.59-1.08) 16 0.981 0.987
rs12885300 0.90 (0.72-1.10) 65 1.23 (0.91-1.56) 99 0.98 (0.56-1.40) 32 0.973 0.771
DOI3
1rs945006 1.09 (0.90-1.29) 181 1.15 (0.42-1.87) 21 - 0 0.904 0.887

#Adjusted for sex and age

from patient gender, age, functional status, adjuvant ther-
apy, and circulating T3/T4 ratio. The selected genetic

polymorphism of the DIO3 was not associated with prog-
nosis of glioma patients. The C-allele of the DIOI
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(rs2235544) was associated with greater T4 to T3
conversion.

Our findings indicate that rs2235544 SNP of the DIO] is
important for T4 to T3 conversion in patients with estab-
lished brain tumor diagnosis. The C-allele of the DIO!I gene
(rs2235544) was associated with a higher ratio of circulating
free T3 to free T4 hormones indicating greater enzymatic
activity. This association was independent from patient
gender and age. Our findings agree with previous studies
showing that the C-allele of the rs2235544 is associated with
greater enzymatic activity of D1 [20, 21]. For example, a
study in 2513 subjects with normal thyroid function and 552
patients receiving T4 replacement therapy for hypothyroid-
ism explored the association of circulating TSH, T3, and T4
concertation and T3/T4 ratio with SNPs of DIOI (7 SNPs),
DIO?2 (7 SNPs), and DIO3 (7 SNPs) genes [20]. They found
that in both cohorts the C-allele of the rs2235544 was
associated with greater T3/T4 ratio and free T3 concentra-
tion, and with lower free T4 and reversed T3 concentrations
indicating greater enzymatic activity. The authors estimated
that the rs2235544 SNP was responsible for ~2% of genetic
variance of free T4 and 1.5% of free T3 concentrations.
Meta-analysis of genome-wide association studies of serum
TSH and free T4 concentrations in 17,520 euthyroid subjects
also found that rs2235544 had the strongest association with
T4 (substrate of D1 enzyme) concentrations among the six
SNPs that were identified as significant and independent
predictors of T4 concentrations. Our findings indicate that
the rs2235544 SNP of the DIO]! is important for T4 to T3
conversion in patients with established brain tumor diag-
noses. Other investigated DIO SNPs were not associated
with circulating T3/T4 ratio nor TSH concentration in our
relatively small study, hence calling for future studies in
larger brain tumor cohorts aiming to clarify the possible role
of deiodinase enzyme genetic polymorphisms for circulating
thyroid hormones levels.

Glioblastoma patients harboring CC genotype of the
r$2235544 SNP had lower odds of death at 2 years relative
to patients with AA and CA genotypes, and this association
was independent from patient age, gender, functional status,
extent of tumor resection, and adjuvant therapies. Longer
survival of glioblastoma patients harboring the CC geno-
type of the rs2235544 SNP can be attributed to greater C-
allele related enzymatic activity of D1. Indeed, it was pre-
viously documented that lower serum T3 concertation
(possible due to reduced T4 to T3 conversion) is an inde-
pendent predictor of shorter survival in glioblastoma
patients [12-14]. The association of the rs2235544 SNP
with patient survival remained at the limit of statistical
significance after adjusting for circulating T3/T4 ratio.
Brain has a capacity to maintain tissue T3 homeostasis
within wide range of circulating TH levels [22] suggesting
that circulating TH levels might not accurately correlate

@ Springer

with brain tissue TH concentrations. Findings from pre-
clinical studies suggest that THs play a role in glioma cell
differentiation, proliferation, metabolism, and signaling;
however, it remains to be clarified whether THs stimulate or
inhibit glioma progression, since study findings were con-
flicting [15, 16]. Future studies should also clarify the
relationship of circulating and brain tissue TH concentra-
tions and the possible role of genetic polymorphism of
proteins involved in TH transport and metabolism in this
relationship. This information could help to identify novel
therapeutic targets that could be employed to challenge
glioma metabolism and progression.

CC and TC genotypes of the rs12885300 DIO2 SNP
were associated with lower mortality risk of glioblastoma
patients when compared to the TT genotype in adjusted
analyses. The T4/T3 ratio was not different as a function of
rs12885300 genotypes. The rs12885300 was previously
shown to influence pituitary sensitivity for negative feed-
back by free T4 in patients receiving treatment for differ-
entiated thyroid carcinoma [23] and TSH-related thyroidal-
free T4 secretion [24]. These findings suggest that regula-
tion of the HPT-axis functioning can have important
clinical-prognostic value in glioblastoma, and this obser-
vation awaits further validation.

This was the first study investigating possible clinical
significance of deiodinase genetic polymorphisms in brain
tumor patients. To date the majority of studies have ana-
lyzed DIO gene polymorphisms in general populations and
in patients with thyroid gland disorders (hypothyroidism
and thyroid cancer) and mental disorders. Studies investi-
gating the prognostic role of DIO genetic polymorphism in
patients without non-thyroidal somatic disorders are scant.
For example, a study in 327 patients found that the G (Ala)
allele of the Thr92Ala coding DIO2 SNP (15225014) was
associated with reduced susceptibility for severe sepsis and
severe sepsis—associated lung injury after adjustment for
patient age and gender [25]. Studies exploring possible role
of TH deiodination in cancer risk and prognosis are needed,
especially because thyroid disorders can be easily diagnosed
and managed using widely available and safe interventions.

We did not find an association between TH levels and the
analyzed DIO2 and DIO3 SNPs. This can be explained by
limited statistical power of our small sample size to observe
the significant association or the effect of these deiodinases
for circulating TH levels is small. It was previously reported
that circulating TH concentrations were associated with
rs11206244 and rs12095080 SNPs of the DIOI [26] and
rs12885300 SNP of the DIO2 [27]. However, these asso-
ciation were inconsistent across studies. Towards this end,
meta-analyses clarifying possible phenotypic effects of
DIO2 and DIO3 genetic polymorphisms are welcome.
Deiodinase expression and functional activity in brain
tumor cells remains unclear and was not addressed in our
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study. Hence, the possible contribution of brain tumor
deiodinase enzyme activity on thyroid hormone concentra-
tion in brain tissue, brain tumor tissue, and systemic cir-
culation remain to be evaluated in the future. Given the
increasing knowledge of brain tumor biology and devel-
opment of clinically relevant molecular biomarkers (for
example, isocitrate dehydrogenase mutation status) that are
used for prognostication and treatment guidance of glioma
patients, the possible role of DIO activity for brain tumor
microenviroment warrants future research.

The study has limitations. Our sample was hetero-
geneous in terms of brain tumor histological diagnoses;
therefore, the number of patients across different brain
tumor histological diagnoses was small. This limitation
prevented us from drawing definite conclusions, but call for
larger studies and meta-analyses exploring the clinical sig-
nificance of TH metabolism in brain tumors are warranted.
Other important prognostic molecular biomarkers of glioma
patients, such as Isocitrate dehydrogenase, were not con-
sidered, because they were not routinely performed at our
department at the time of this study. Lack of a control group
prevented the analysis of the possible association of thyroid
deiodinase polymorphisms with brain tumor risk. Future
studies should also attempt to evaluate DIO polymorphisms
in tumor tissue samples in order to better understand the
possible role of brain tumors to modulate tissue and circu-
lating thyroid hormone concentrations.

Conclusions

Common variations in the DIOI gene (rs2235544) and
DIO2 gene (rs12885300) have prognostic significance in
glioblastoma patients, independently from patient gender,
age, functional status, adjuvant therapy, and circulating T3/
T4 ratio. The selected genetic polymorphism of the DIO3
was not associated with the prognosis of glioma patients.
The C-allele of the DIOI (rs2235544) was associated with
greater T4 to T3 conversion. Larger scale studies analyzing
the clinical importance of TH metabolism in brain tumors
should be designed.
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