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Serum Spot 14 concentration is negatively
associated with thyroid-stimulating hormone level
Yen-Ting Chen, MSca, Fen-Yu Tseng, MD, PhDb, Pei-Lung Chen, MD, PhDa,b,c,d,
Yu-Chao Chi, BSca,b, Der-Sheng Han, MD, PhDe, Wei-Shiung Yang, MD, PhDa,b,d,f,∗

Abstract
Spot 14 (S14) is a protein involved in fatty acid synthesis and was shown to be induced by thyroid hormone in rat liver. However, the
presence of S14 in human serum and its relations with thyroid function status have not been investigated.
The objectives of this study were to compare serum S14 concentrations in patients with hyperthyroidism or euthyroidism and to

evaluate the associations between serum S14 and free thyroxine (fT4) or thyroid-stimulating hormone (TSH) levels.
We set up an immunoassay for human serum S14 concentrations and compared its levels between hyperthyroid and euthyroid

subjects. Twenty-six hyperthyroid patients and 29 euthyroid individuals were recruited. Data of all patients were pooled for the
analysis of the associations between the levels of S14 and fT4, TSH, or quartile of TSH.
The hyperthyroid patients had significantly higher serum S14 levels than the euthyroid subjects (median [Q1, Q3]: 975 [669, 1612]

ng/mL vs 436 [347, 638] ng/mL, P<0.001). In univariate linear regression, the log-transformed S14 level (logS14) was positively
associated with fT4 but negatively associated with creatinine (Cre), total cholesterol (T-C), triglyceride (TG), low-density lipoprotein
cholesterol (LDL-C), and TSH. The positive associations between logS14 and fT4 and the negative associations between logS14 and
Cre, TG, T-C, or TSH remained significant after adjustment with sex and age. These associations were prominent in females but not in
males. The logS14 levels were negatively associated with the TSH levels grouped by quartile (ß=�0.3020, P<0.001). The
association between logS14 and TSH quartile persisted after adjustment with sex and age (ß=�0.2828, P=0.001). In stepwise
multivariate regression analysis, only TSH grouped by quartile remained significantly associated with logS14 level.
We developed an ELISA tomeasure serumS14 levels in human. Female patients with hyperthyroidism had higher serumS14 levels

than the female subjects with euthyroidism. The serum logS14 concentrations were negatively associated with TSH levels. Changes
of serum S14 level in the whole thyroid function spectrum deserve further investigation.

Abbreviations: ALT = alanine transaminase, AST = aspartate transaminase, BH = body height, BMI = body mass index, BW =
body weight, Cre = creatinine, ELISA = enzyme-linked immunosorbent assay, FPG = fasting plasma glucose, fT4 = free thyroxine,
HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, logS14 = log transformation of Spot 14,
S14 = Spot 14, T-C = total cholesterol, TG = triglycerides, THRSP = thyroid hormone responsive protein, TSH = thyroid-stimulating
hormone.

Keywords: euthyroidism, free thyroxine, hyperthyroidism, spot 14, thyroid-stimulating hormone
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1. Introduction

Spot 14 (S14, also called thyroid hormone responsive protein,
THRSP) was so named because it is the 14th spot up-regulated in
the rat liver by thyroid hormone revealed on two-dimensional
Editor: Gaurav Malhotra.

Authors’ contribution: YTC wrote the main manuscript text, provided figures, and esta
YCC and DSH advised and facilitated the assay. WSY acquired the grant, supervised

Funding/support: This work was supported by research grants (MOST 104–2314-B-0
Ministry of Science & Technology of Taiwan.

Authors have no competing interests as defined by Nature Publishing Group, or other
reported in this paper.
a Graduate Institute of Clinical Medicine, College of Medicine, National Taiwan Universi
National Taiwan University Hospital, c Department of Medical Genetics, National Taiwa
College of Medicine, National Taiwan University, e Department of Physical Medicine an
Obesity, Lifestyle and Metabolic Surgery, National Taiwan University Hospital, Taipei, T
∗
Correspondence: Wei-Shiung Yang, Graduate Institute of Clinical Medicine, College o

Taiwan (e-mail: wsyang@ntu.edu.tw).

Copyright © 2016 the Author(s). Published by Wolters Kluwer Health, Inc. All rights re
This is an open access article distributed under the terms of the Creative Commons A
permissible to download and share the work provided it is properly cited. The work ca

Medicine (2016) 95:40(e5036)

Received: 2 March 2016 / Received in final form: 30 July 2016 / Accepted: 9 Septem

http://dx.doi.org/10.1097/MD.0000000000005036

1

gels. Further studies showed that there was a marked reduction
of S14 mRNA in the liver of hypothyroid rats, compared with the
euthyroids. Moreover, S14 mRNA was increased in a dose-
dependent manner with triiodothyronine (T3) treatment in these
blished the ELISA of S14. FYT and PLC provided the source of human subjects.
the project, and edited the manuscript. All authors reviewed the manuscript.

02–157) from the National Research Program for Biopharmaceuticals (NRPB),

interests that might be perceived to influence the results and/or discussion

ty, b Division of Endocrinology and Metabolism, Department of Internal Medicine,
n University Hospital, d Graduate Institute of Medical Genomics and Proteomics,
d Rehabilitation, National Taiwan University Hospital Beihu Branch, f Center for
aiwan.

f Medicine, National Taiwan University, No.7, Chung-Shan S. Rd., Taipei 10002,

served.
ttribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
nnot be changed in any way or used commercially.

ber 2016

mailto:wsyang@ntu.edu.tw
http://dx.doi.org/10.1097/MD.0000000000005036


[2]

Chen et al. Medicine (2016) 95:40 Medicine
hypothyroid animals. The experiments with the hypothyroid
rats injected with T3 demonstrated a swift induction of hepatic
S14 mRNA within 20minutes of treatment.[3] This is the most
rapid effect of T3 on hepatic gene expression documented to
date.[4] Identification of several thyroid hormone response
elements far upstream of the transcription start site of S14 gene
confirmed the direct role of T3 in regulating its transcription.[5]

S14 can be tremendously induced not only by T3 but also by
high-carbohydrate diet and insulin.[4,6–9]

S14 gene is mainly expressed in lipid-producing tissues,
primarily in the liver, adipose tissue, and lactating mammary
glands,[10] where it was shown to play a role in fatty acid
synthesis.[11,12] In a previous report, hepatocytes were transfected
with S14 antisense oligonucleotides. Compared with the controls,
lipogenesis as well as lipogenic enzymes, such as fatty acid
synthase (FAS), were reduced in antisense oligonucleotide
transfected cells, implying its roles in lipogenesis.[11]

Animal experiments also showed that deletion of S14
dramatically reduced fatty acid synthesis in mammary glands,
but surprisingly it was not altered in the liver, suggesting the
existence of a redundant pathway in the liver.[13,14] Later, a
ubiquitously expressed paralogous protein S14-related (S14-R)
protein was identified. It is abundant in the liver. In contrast, the
levels of S14-R are low in the mammary glands, leading to the
speculation that the reduced fatty acid synthesis in mammary
gland in S14-deletionmice was secondary to the lack of S14-R.[13]

In addition, the S14-deletion mice also had the other metabolic
phenotypes in the adult animals. The S14 knockout mice gained
significantly less weight than wild-type mice.[14,15] The deletion
of S14 also resulted in resistance to diet-induced obesity and
favorable insulin sensitivity and glucose tolerance.[14]

However, very limited information is available regarding the
function of S14 in human subjects. One human study showed
that S14 mRNA in adipose tissues was abnormally regulated
in obese subjects.[16] The obese subjects had higher basal S14
mRNA expressions than the controls. However, the obese
subjects showed less downregulation of S14 mRNA after a 48-
hour fast compared with the nonobese individuals. Contradicto-
ry to the above findings, the other study showed that the levels
of S14 mRNA in overweight and obese subjects were lower
than normal subjects.[17] Therefore, the exact role of S14 in the
maintenance of adiposity in humans is still not clear. So far, no
study in humans has assayed the serum levels of S14 and tried to
relate its blood levels to any human physiological or pathological
conditions. In this report, we developed an in-house enzyme-
linked immunosorbent assay (ELISA) to investigate the relation-
ship of S14 and thyroid function in human subjects.
2. Materials and methods

2.1. Human subjects

This is a cross-sectional observation study. Human subjects were
recruited from the National Taiwan University Hospital at their
first visit to our Endocrinology clinics between year 2010 and
2011. Subjects, who had recurrent thyroid conditions or had
other comorbidities or were under any medication, were
excluded. At the end, 26 subjects with newly diagnosed
hyperthyroidism and 29 with euthyroidism were included for
the analysis. All subjects with hyperthyroidism had typical
clinical manifestations of thyrotoxicosis, elevated free thyroxine
(fT4), lower thyroid-stimulating hormone (TSH), and positive
TSH receptor antibody. Written informed consent was obtained
2

from each subject. In accordance with the Declaration of Helsinki
and the approved guidelines, the research ethics committee of
the National Taiwan University Hospital approved the study
including the protocol, the informed consent form, and
applicable recruiting materials.
2.2. Data collection, thyroid function status, and
biochemical assay

The basic characteristics, such as age, sex, body height (BH), and
body weight (BW) were collected. Body mass index (BMI) was
calculated as BW in kilograms (kg) divided by the square of BH in
meters (m2).
Blood samples were drawn from antecubital vein after

overnight fast for around 12hours. Biochemical data including
alanine transaminase (ALT), aspartate transaminase (AST),
creatinine (Cre), fasting plasma glucose (FPG), fT4, high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), total cholesterol (T-C), triglyceride (TG), and TSH
were assayed. Levels of ALT and AST were determined by
Hitachi 7080 biochemical analyzer (Hitachi, Japan). Levels of
FPG were measured using the Olympus AU series 680 with
hexokinase method (Beckman Coulter, Nyon, Switzerland).
Serum T-C, TG, HDL-C, and LDL-C were measured using the
Olympus AU series 5800 with CHOD-PAP method, GPO-PAP
method, accelerator selective detergent, and liquid selective
detergent, respectively (Beckman Coulter, Nyon, Switzerland).
TSH and fT4 were measured by Siemens DPC Immulite 2000
(Siemens, Erlangen, Germany). TSH-receptor antibody (TRAb)
levels were determined by using the radioimmunoassay method
(TSH receptor autoantibody coated tube kit, RSR, Cardiff,
United Kingdom). A percentage inhibition of TSH binding
<10% was recorded as negative, 10% to 15% as borderline
positive, and >15% as positive. All these assays were performed
following the manufacturers’ instructions.
The normal reference of fT4 and TSH used in our hospital were

0.6 to 1.75ng/dL and 0.1 to 4.5mIU/mL, respectively. When the
values were way outside the laboratory measurement range
(fT4 level>5.4ng/dL or TSH level<0.004mIU/mL), they were
recorded as an fT4 level=5.4ng/dL or a TSH level=0.004mIU/
mL, respectively. In addition to the clinical history and physical
findings, the laboratory definition of hyperthyroidism was an
fT4 level>1.75ng/dL and a TSH level<0.1mIU/mL, whereas
euthyroidismwas defined as both fT4 and TSH levels within their
normal reference ranges.
2.3. Thyroid ultrasound

All of the participants received a thyroid ultrasonographic
examination at baseline. An endocrine specialist performed the
sonographic examination with the use of the Toshiba Aplio XG
SSA-790A Ultrasound System (Toshiba Medical Systems Co, Ltd,
Tochigi, Japan) with a PLT-805AT probe. Aspiration cytological
examination was performed as clinically indicated. None of the
recruited patients had lesions suspicious for malignancy.
2.4. S14 immunoassay

A competitive ELISA for S14 was developed. Different reagents
and working dilutions of antigen or antibody were tested.
Polystyrene MaxiSorp 96-well plates (Nunc A/S, Roskilde,
Denmark) were coated with 100mL human recombinant S14
proteins (100ng/mL, diluted in PBS; cat no. ag3721, ProteinTech,
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Chicago, IL) per well. The coated plates were sealed and
incubated on an orbital shaker (at 100rpm; OS701, KS, Taiwan)
at 4°C overnight. The solutions were then discarded and the
plates were washed in washing buffer (PBS-Tween (PBS-T),
0.05% Tween 20), and were pad-dried on a paper towel. Then
the plates were blocked with 100mL blocking buffer (PBST with
1% BSA) each well, and incubated at 4°C overnight at 100rpm
on the orbital shaker. After 3 times of washing with PBS-T, 50mL
serum samples were added in each well and incubated for 1hour
at room temperature (RT) on a rotor at 150rpm. Subsequently,
50mL rabbit anti-S14 polyclonal antibody (diluted by 1:10000 in
blocking buffer; catalog no. 13054–1-AP, ProteinTech, Chicago,
IL) were added and incubated for 2hours at RT and shaken at
150rpm. After 3 times of washing with PBS-T, 100mL of
horseradish peroxidase-conjugated goat anti-rabbit IgG poly-
clonal antibody (diluted in blocking buffer by 1:10000;
GTX213110–01, Irvine, CA) was added to each well and shaken
(150rpm) for 1hour at RT. Following 5 times of washing with
PBS-T, color was developed using the 100mL 3, 3’, 5, 5’-
tetramethylbenzidine (TMB) solution (KPL, Gaithersburg, MD)
each well. After 10-minute incubation, the reaction was stopped
by addition of 100mL 2.0M H2SO4 per well. Immediately, the
optical density of each well was read at 450nm using microplate
reader (VERSA max, Munich, Germany). Four-parameter
logistic model was used to draw the standard curve.
The assay was validated by the determination of assay

sensitivity, intra- and interassay variability. For the sensitivity,
the minimum detection limit was 10ng/mL. For the intra-assay
variability, the coefficient of variance (CV) of 6 replicate sets of
one serum sample was 7.5%. For the interassay variability, the
CV of 6 independent assays of one serum sample was 9.5%.
2.5. Statistical analysis

This study enrolled 26 subjects with hyperthyroidism and 29with
euthyroidism. We presented the numerical variables as median
values (Q1, Q3) and used Mann–Whitney U test to compare the
numerical variables between the hyperthyroidism and euthyroid-
ism groups. Categorical data were presented as percentage. Fisher
exact test was used for comparison of categorical variables.
P values<0.05 were considered as statically significant.
The data of the patients with hyperthyroidism or euthyroidism

were pooled together for analyzing the possible associations
between logS14 levels and other variables. We used Anderson–-
Darling or Cramer Von–Mises test to examine normality. Thus,
we made log transformation of S14 levels for further analysis.
The effects of demographic, anthropometric, or laboratory
parameters (sex, age, BH, BW, BMI, FPG, Cre, AST, ALT, T-C,
TG, HDL-C, LDL-C, and levels of fT4, TSH) for logS14 were
evaluated by performing a linear regression analysis. Those
having statistical significance were further tested by adjustment
with sex and age. To minimize the possible bias that might be
induced by applying fixed values of fT4 or TSH when their levels
exceed the range of the commercial kits, we divided the TSH into
quartiles (Group 1: TSH ≦ 0.004; Group 2: 0.004 � TSH ≦
0.422; Group 3: 0.422 < TSH ≦ 1.17; Group 4: 1.17 < TSH).
The logS14 levels in different TSH quartiles were compared. The
effect of TSH quartile group for logS14 was also calculated by
regression analysis.
The effects of demographic, anthropometric, or laboratory

parameters for logS14 concentrations were further tested
by performing stepwise forward multivariate regression. In a
stepwise forward multivariate regression, variables with P<0.10
3

remained in the model. Only variables with P values <0.05 were
considered as statistically significant. All the analyses were
performed by using the SAS version 9.1 statistical package for
Windows (SAS, Cary, NC). The normality of all the models was
assessed using Anderson–Darling or Cramer Von–Mises tests,
and none of the models violated the normality assumption.
3. Results

Twenty-six patients were diagnosed with hyperthyroidism
(HY group). All of them had positive TRAb. Sonograms of
the HY group patients revealed characteristics (hypoechoic and
diffuse enlargement) compatible with autoimmune thyroiditis.
Twenty-nine patients were classified as euthyroid (EU group).
They all had negative examination results for TRAb.
The anthropometric characteristics and laboratory data of the

hyperthyroid and euthyroid patients are shown in Table 1. The
hyperthyroid patients were younger and had higher fT4, AST,
and ALT levels but lower TSH, Cre, T-C, HDL-C, and LDL-C
level than the euthyroid patients (Table 1). The hyperthyroid
patients apparently had higher S14 levels than the euthyroid
subjects (975 [669, 1612] ng/mL vs 436 [347, 638] ng/mL,
p<0.001) (Table 1). The difference of S14 levels among HY
group or EU group was significant in females, but not in males
(Table 1).
The effects of demographic, anthropometric, or laboratory

parameters (age, sex, and concentrations of fT4, TSH, BH, BW,
BMI, Cre, AST, ALT, FPG, T-C, TG, HDL-C, and LDL-C) for
levels of logS14 were evaluated by performing a linear regression
analysis. In all patients (both males and females), the univariate
linear regression analysis revealed that logS14 levels were
positively associated with fT4 (b=0.213, P=0.003), but
negatively associated with Cre (b=�1.757, P=0.006), T-C
(b=�0.006, P=0.004), TG (b=�0.004, P=0.015), LDL-C
(b=�0.007, P=0.015), and TSH (b=�0.371, P<0.001)
(Table 2). The variables with statistical significance were further
analyzed by adjustment with age and sex. The associations
between logS14 and Cre, T-C, TG, fT4, TSH remained significant
(b=�2.681, P<0.001; b=�0.006, P=0.023; b=�0.004, P=
0.029; b=0.192, P=0.010; and b=�0.340, P=0.003, respec-
tively). However, the association between LDL-C with logS14
became insignificant when adjusted with sex and age (data not
shown). The linear regression analysis revealed that the
associations between logS14 and age, BW, BMI, Cre, AST, T-
C, TG, LDL-C, fT4, and TSH were prominent in females but not
in males (Table 2).
The linear regression analysis revealed that TSH as a

categorical variable grouped in quartiles was negatively
associated with logS14 level (b=�0.302, P<0.001) (Fig. 1
and Table 2). The negative association between TSH quartile and
logS14 level persisted when adjusted with age and sex (b=�
0.283, P=0.004) (data not shown). Only TSH quartile group,
but not fT4 or TSH, remained as the significant parameter related
to the serum logS14 level in stepwise multivariate regression
analysis (Table 3).

4. Discussion

S14 is a 17-kDa protein mainly expressed in lipogenic tissues and
is postulated to play a role in lipogenesis stimulated by thyroid
hormone.[10] Thyroid hormone was demonstrated to upregulate
S14 gene expression in the rat liver.[1,2] In this study, we

http://www.md-journal.com


T
a
b
le

1

C
ha

ra
ct
er
is
ti
cs

o
f
su

b
je
ct
s
w
it
h
hy

p
er
th
yr
o
id
is
m

o
r
eu

th
yr
o
id
is
m
.

Al
l(
m
al
e
an
d
fe
m
al
e)

M
al
e

Fe
m
al
e

Hy
pe
rt
hy
ro
id
is
m

(N
=
26
)

Eu
th
yr
oi
di
sm

(N
=
29
)

P∗
Hy
pe
rt
hy
ro
id
is
m

(N
=
9)

Eu
th
yr
oi
di
sm

(N
=
4)

P∗
Hy
pe
rt
hy
ro
id
is
m

(N
=
17
)

Eu
th
yr
oi
di
sm

(N
=
25
)

P∗

M
al
e:
fe
m
al
e

9:
17

4:
25

0.
11
2

9:
0

4:
0

0:
17

0:
21

Ag
e,
y

35
.5

(2
8,

43
)

43
(3
4,

52
)

0.
02
8†

39
(2
7,

43
)

38
.5

(2
9,

52
)

0.
75
6

34
(2
9,

39
)

44
(3
5,

52
)

0.
02
8†

BH
,
cm

16
2.
5
(1
58
,
17
3)

16
0
(1
57
,
16
3)

0.
10
7

17
4.
5
(1
73
,
17
8)

17
1
(1
59
,
17
4.
5)

0.
18
8

16
0
(1
56
,
16
2)

15
9
(1
57
,
16
3)

0.
84
7

BW
,
kg

57
.5

(5
3,

61
)

58
(5
5,

67
)

0.
51
6

65
(6
1,

77
)

69
.5

(5
5,

73
.5
)

0.
87
7

56
(5
0,

58
)

58
(5
5,

64
)

0.
03
9†

BM
I,
kg
/m

2
22
.2

(1
9.
5,

23
.2
)

22
.9

(2
0.
9,

26
.0
)

0.
05
9

20
.5

(2
0.
0,

25
.3
)

22
.9

(2
0.
5,

25
.1
)

0.
75
8

22
.3

(1
9.
5,

22
.6
)

22
.9

(2
0.
9,

26
.8
)

0.
05
0

Cr
e,
m
g/
dL

0.
6
(0
.5
,
0.
8)

0.
7
(0
.7
,
0.
8)

<
0.
00
1†

0.
8
(0
.8
,
0.
85
)

1.
0
(0
.9
5,

1.
0)

0.
00
7†

0.
5
(0
.5
,
0.
6)

0.
7
(0
.7
,
0.
8)

<
0.
00
1†

AS
T,

U/
L

27
(2
2,

32
)

19
(1
7,

22
)

<
0.
00
1†

26
(2
2,

32
)

18
.5

(1
7.
5,

22
.5
)

0.
08
8

27
(2
4,

31
)

19
(1
6,

22
)

<
0.
00
1†

AL
T,

U/
L

36
(2
9,

49
)

14
(1
2,

18
)

<
0.
00
1†

33
(3
2,

41
)

14
(1
3,

22
)

0.
02
0†

37
(2
9,

49
)

15
(1
1,

18
)

<
0.
00
1†

FP
G,

m
g/
dL

88
(8
2,

93
)

86
(8
0,

89
)

0.
19
0

88
(8
7,

95
)

81
(7
7,

86
)

0.
18
8

88
(8
2,

93
)

87
(8
4,

89
)

0.
52
1

T-
C,

m
g/
dL

14
3
(1
20
,
17
0)

20
0
(1
82
,
22
5)

<
0.
00
1†

17
0
(1
21
,
19
1)

21
0
(2
07
,
22
4)

0.
00
6†

13
7
(1
20
,
15
8)

19
1
(1
82
,
22
5)

<
0.
00
1†

TG
,
m
g/
dL

80
(6
1,

99
)

74
(6
1,

12
6)

0.
60
7

91
(6
6,

12
3)

91
(6
5,

12
3)

1.
00
0

69
(5
0,

97
)

74
(5
1,

12
6)

0.
44
2

HD
L-
C,

m
g/
dL

49
(3
8,

58
)

56
(4
7,

66
)

0.
04
1†

45
(3
5,

50
)

49
(4
3,

54
)

0.
35
5

53
(4
1,

59
)

58
(4
7,

66
)

0.
13
2

LD
L-
C,

m
g/
dL

81
(6
4,

10
0)

12
9
(1
06
,
14
5)

<
0.
00
1†

10
6
(8
0,

11
6)

14
6
(1
40
,
15
6)

0.
00
6†

74
(6
0,

88
)

12
9
(1
05
,
13
7)

<
0.
00
1†

fT
4,

ng
/d
L

3.
36

(2
.3
4,

4.
01
)

0.
98

(0
.8
7,

1.
06
)

<
0.
00
1†

2.
34

(2
.2
1,

3.
54
)

0.
93

(0
.8
1,

1.
09
)

0.
00
6†

3.
72

(2
.6
0,

4.
01
)

0.
98

(0
.8
7,

1.
06
)

<
0.
00
1†

TS
H,

m
IU
/m
L

0.
00
4
(0
.0
04
,
0.
00
6)

1.
12
0
(0
.6
51
,
1.
63
0)

<
0.
00
1†

0.
00
6
(0
.0
04
,
0.
01
3)

1.
57
7
(0
.5
62
,
2.
75
5)

0.
00
5†

0.
00
4
(0
.0
04
,
0.
00
4)

1.
12
0
(0
.6
65
,
1.
40
0)

<
0.
00
1†

S1
4,

ng
/m
L

97
5
(6
69
,
16
12
)

43
6
(3
47
,
63
8)

<
0.
00
1†

68
6
(4
00
,
16
83
)

71
7
(4
37
,
10
84
)

0.
87
7

10
37

(7
31
,
15
93
)

40
9
(3
32
,
63
7)

<
0.
00
1†

lo
gS
14

6.
88

(6
.5
1,

7.
39
)

6.
08

(5
.8
5,

6.
46
)

<
0.
00
1†

6.
53

(5
.9
9,

7.
43
)

6.
50

(6
.0
8,

6.
98
)

0.
87
7

6.
94

(6
.5
9,

7.
37
)

6.
01

(5
.8
1,

6.
46
)

<
0.
00
1†

Nu
m
er
ic
al
da
ta
w
er
e
pr
es
en
te
d
as

m
ed
ia
n
va
lu
es

(Q
1,

Q3
).

AL
T
=
al
an
in
e
tra
ns
am

in
as
e,
AS
T
=
as
pa
rta
te
tra
ns
am

in
as
e,
BH

=
bo
dy

he
ig
ht
,B

M
I=

bo
dy

m
as
s
in
de
x,
BW

=
bo
dy

w
ei
gh
t,
Cr
e=

cr
ea
tin
in
e,
FP
G
=
fa
st
in
g
pl
as
m
a
gl
uc
os
e,
fT
4
=
fre
e
th
yr
ox
in
e,
HD

L-
C
=
hi
gh
-d
en
si
ty
lip
op
ro
te
in
ch
ol
es
te
ro
l,
LD
L-
C
=
lo
w
-d
en
si
ty
lip
op
ro
te
in
ch
ol
es
te
ro
l,

lo
gS
14

=
na
tu
ra
ll
og

of
S1
4,

S1
4
=
Sp
ot
14
,
T-
C
=
to
ta
lc
ho
le
st
er
ol
,
TG

=
tri
gl
yc
er
id
e,

TS
H
=
th
yr
oi
d-
st
im
ul
at
in
g
ho
rm
on
e.

∗
Fi
sh
er

ex
ac
t
te
st
fo
r
co
m
pa
ris
on
s
of
ca
te
go
ric
al
va
ria
bl
es

be
tw
ee
n
hy
pe
rth
yr
oi
d
an
d
eu
th
yr
oi
d
pa
tie
nt
s.
M
an
n-
W
hi
tn
ey

U
te
st
s
fo
r
co
m
pa
ris
on
s
of
nu
m
er
ic
al
va
ria
bl
es

be
tw
ee
n
hy
pe
rth
yr
oi
d
an
d
eu
th
yr
oi
d
pa
tie
nt
s.

†
P
<
0.
05
.

Chen et al. Medicine (2016) 95:40 Medicine

4



Table 2

Univariate regression model with logS14 as dependent variable, and demographic, anthropometric, and laboratory parameters as
independent variables.

All (male and female, N=55) Male (N=13) Female (N=42)

Independent variables b (95% CI) P b (95% CI) P b (95% CI) P

Sex �0.102 (�0.579, 0.376) 0.671
Age �0.017 (�0.035, 0.002) 0.079 0.003 (�0.034, 0.041) 0.846 �0.025 (�0.047, �0.002) 0.033

∗

BH 0.009 (�0.017, 0.035) 0.472 0.020 (�0.035, 0.075) 0.434 0.003 (�0.049, 0.054) 0.921
BW �0.007 (�0.027, 0.014) 0.500 0.015 (�0.021, 0.051) 0.385 �0.032 (�0.064, �0.001) 0.042

∗

BMI �0.050 (�0.116, 0.016) 0.135 0.034 (�0.093, 0.160) 0.571 �0.088 (�0.168, �0.008) 0.032
∗

Cre �1.757 (�2.985, �0.529) 0.006
∗ �1.308 (�5.634, 3.018) 0.519 �3.126 (�4.643, �1.609) <0.001

∗

AST 0.021 (�0.006, 0.048) 0.123 �0.043 (�0.110, 0.024) 0.184 0.033 (0.003, 0.062) 0.030
∗

ALT 0.009 (�0.003, 0.021) 0.145 �0.012 (�0.043, 0.018) 0.382 0.013 (�0.0004, 0.026) 0.058
FPG 0.018 (�0.004, 0.041) 0.104 0.040 (�0.008, 0.087) 0.095 0.014 (�0.013, 0.040) 0.300
T-C �0.006 (�0.010, �0.002) 0.004

∗
0.002 (�0.010, 0.013) 0.748 �0.008 (�0.012, �0.003) 0.001

∗

TG �0.004 (�0.008, �0.001) 0.015
∗

0.003 (�0.010, 0.016) 0.638 �0.005 (�0.009, �0.001) 0.008
∗

HDL-C �0.006 (�0.019, 0.007) 0.392 0.015 (�0.021, 0.051) 0.374 �0.008 (�0.024, 0.007) 0.257
LDL-C �0.007 (�0.013, �0.001) 0.015

∗ �0.0002 (�0.014, 0.014) 0.970 �0.009 (�0.016, �0.003) 0.007
∗

fT4 0.213 (0.076, 0.350) 0.003
∗

0.065 (�0.253, 0.382) 0.663 0.260 (0.101, 0.419) 0.002
∗

TSH �0.371 (�0.578, �0.163) <0.001
∗ �0.217 (�0.645, 0.211) 0.289 �0.433 (�0.686, �0.180) 0.001

∗

TSH quartile �0.302 (�0.457, �0.147) <0.001
∗ �0.115 (�0.536, 0.307) 0.562 �0.346 (�0.519, �0.173) <0.001

∗

TSH quartile (Group 1: TSH level ≦ 0.004mIU/mL; Group 2: 0.004mIU/mL < TSH level ≦ 0.422mIU/mL; Group 3: 0.422mIU/mL < TSH level ≦ 1.17mIU/mL; Group 4: 1.17mIU/mL < TSH level).
ALT= alanine transaminase, AST= aspartate transaminase, BH=body height, BMI=body mass index, BW=body weight, Cre= creatinine, FPG= fasting plasma glucose, fT4= free thyroxine, HDL-C=high-
density lipoprotein cholesterol, LDL-C= low-density lipoprotein cholesterol, T-C= total cholesterol, TG= triglyceride, TSH= thyroid-stimulating hormone.
∗
P<0.05.

Chen et al. Medicine (2016) 95:40 www.md-journal.com
successfully developed a competitive ELISA system to measure
serum S14 levels in human subjects. Our study is the first to
investigate the serum S14 levels in humans and the effect of
thyroid function status on serum S14 level. Our analysis revealed
that the patients with hyperthyroidism had significantly higher
serum S14 levels than the subjects with euthyroidism. Previous
studies demonstrated a tremendous induction of S14 by thyroid
hormone in animal.[1,2,6] Our results suggested the effects of
thyroid hormone on serum S14 levels in human.
Thyroid dysfunction may affect adipocyte function and lipid

metabolism.[18,19] With the stimulation of thyroid hormones, the
triglycerides stored in adipose tissue will be utilized. Patients with
hyperthyroidism usually have decreased levels of lipid,[18] but
increased concentrations of plasma fatty acids.[19] However, the
mechanism of thyroid hormone action on lipolysis remains
unclear. In our study, the patients with hyperthyroidism had
lower T-C, LDL-C, and HDL-C levels. These findings are
comparable to those reported by previous studies.[20,21] The
changes in lipid profile confirmed the effects of thyroid function
on lipid metabolism. S14 has been reported to play a role in fatty
acid synthesis.[11,12] Our study revealed a decrease in lipid levels
Figure 1. A negative relationship between logS14 and TSH levels in which the
subjects were divided into 4 groups based on their TSH levels. logS14= log
transformation of Spot 14, TSH= thyroid-stimulating hormone.

5

despite a rise in serum S14 in patients with hyperthyroidism. This
finding suggests a direct effect of thyroid hormone on lipid
metabolism rather than an indirect mechanism via S14.
It has been reported that patients with hyperthyroidism usually

have increased glomerular filtration rate and reduced serum Cre
levels.[22,23] In this study, the patients with hyperthyroidism had
lower serum Cre levels than the subjects with euthyroidism. Our
analysis revealed that serum Cre was negatively associated with
level of logS14. The association between Cre and logS14
remained significant after adjustment with sex and age, but it
became insignificant inmultivariate stepwise regression. S14 gene
is mainly expressed in lipid-producing tissues such as liver,
adipose tissue, and lactating mammary glands,[10] but less in
other tissues. MacDougald et al suggested different mechanisms
of S14 transcription in liver or kidney.[24] The relationship
between S14 and Cre, especially in different thyroid function
statuses, remains to be clarified.
Thyroid hormones may regulate the basal metabolic rate of

hepatocytes and affect hepatic function.[25,26] Around 15% to
76% patients with hyperthyroidism presented abnormal liver
function test.[25,27–29] S14 has been reported to be highly
expressed in the liver and involved in fatty acid synthesis.[10,11]

Wu et al suggested that S14may play a role in the pathogenesis of
nonalcoholic fatty liver disease (NAFLD).[30] However, there is
no direct evidence supporting the impact of S14 expression level
on liver function yet. In this study, patients with hyperthyroidism
had higher AST and ALT levels than the subjects with
euthyroidism. The linear regression in this study revealed no
association between serum level of logS14 with AST or ALT.
The association between S14 and insulin resistance has been

discussed in animal studies.[14,15] S14 mRNA in the rat liver can
be increased with insulin or carbohydrate diet treatment.[4,7–9]

However, there is no study to show whether this is also true in
human subjects. Therefore, our development of this S14 ELISA
will be helpful to delineate the roles of S14 in obesity, metabolic
syndrome, and type 2 diabetes mellitus. Changes of thyroid
function may affect glucose and insulin metabolism.[31] S14
expression in the rat liver could be affected by thyroid
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Table 3

Forward stepwise regression models in all subjects (N=55) with levels of logS14 as dependent variables, and sex, age, anthropometric,
and laboratory parameters as independent variables.

Dependent variables Independent variables Parameter estimate Standard error Model R2 F P

logS14
TSH quartile �0.3067 0.0799 0.2240 14.72 <0.001

∗

Forward stepwise regression analysis, variables left in the models are significant at the levels of 0.10.
TSH quartile (Group 1: TSH level ≦ 0.004mIU/mL; Group 2: 0.004mIU/mL < TSH level ≦ 0.422mIU/mL; Group 3: 0.422mIU/mL < TSH level ≦ 1.17mIU/mL; Group 4: 1.17mIU/mL < TSH level).
logS14= log transformation of Spot 14.
∗
P<0.05.

Chen et al. Medicine (2016) 95:40 Medicine
hormone. Our study revealed that patients with hyperthy-
roidism has higher serum S14 than subjects with euthyroidism.
The negative association between TSH quartile groups with levels
of logS14 persisted after adjustment with sex and age, and
remained significant in forward stepwise logistic regression. The
impact of different thyroid function statuses on the association
between S14 and insulin resistance deserves further investigation.
S14 gene is expressed in lactating mammary glands.[10]

Deletion of S14 dramatically reduced fatty acid synthesis in
mammary glands.[12,13] It was speculated that the reduced fatty
acid synthesis in mammary gland in S14-deletion mice was
secondary to the lack of S14-R.[13] Most breast cancers rely on
fatty acid synthesis for growth and survival.[32,33] Using tumor
tissue blocks from breast cancer patients for immunohistochem-
istry, it was found that S14 protein was detectable in all
mammary samples, and was highly expressed in malignant breast
cancers.[34] Using S14 siRNA to knockdown the S14 gene
expression in lipogenic T47D breast cancer cells and non-
lipogenic MCF10a mammary epithelial cells, Wells et al found
that the cell growth was inhibited only in T47D cells.[34] These
studies suggest that S14 may play a role in the tumorigenesis of
lipogenic breast cancers.[34–36] Therefore, our in-house ELISA
may also be helpful for breast cancer research.
The known biological functions of S14 are strictly intracellular

and mainly in the liver and adipose tissues.[10–14] Whether the
circulating S14 may have a distinct biological activity beyond
simply a biomarker is unclear. We boldly speculate that elevated
circulating S14 may be taken up by cells which require enhanced
fatty acid synthesis.
In our study, logS14 was positively correlated with fT4 and

negatively correlated with TSH. Those correlations persisted
after adjustment with sex and age. However, only TSH quartile
remained significant in the stepwise multivariate regression
model. We applied fixed values of fT4 or TSH to those levels
exceeding the ranges of the commercial kits, the significance of
the correlations between fT4 or TSHwith levels of S14 thus could
be biased. The circulating concentrations of TSH and thyroxine
are tightly regulated in healthy individuals.[37,38] It was reported
that the relationship between TSH and fT4 is complex and
nonlinear.[37,38] Small changes in thyroxine levels may result in
relatively large changes in TSH.[37,38] Our study clearly
demonstrated that patients with hyperthyroidism had higher
serum levels of S14 than subjects with euthyroidism. Whether
TSH has a direct influence on S14 levels warrants future study.
Although this is the first human study to investigate human

serum S14 levels, there were still several limitations in our study.
First, when the levels of fT4 or TSH exceed the linear range of the
commercial kits used in our hospital, fixed values were assigned.
Furthermore, fT3 level was not measured in our study. We were
unable to directly correlate S14 with fT3. Therefore, it may be
difficult to determine a precise linear relationship between
6

thyroid function and serum S14 levels. Second, our case numbers
were small. More subjects should be recruited in future study.
Nevertheless, a significant relation between thyroid function and
serum S14 levels was observed with this small number. Third,
patients with hypothyroidism were not recruited in this study.
Whether the negative association between TSH and serum S14
persisted in the whole thyroid function spectrum remained to be
studied. Fourth, the study was performed in a medical center. The
generalizability is limited. Fifth, the S14-R protein is 32%
homologous to S14 in amino acid sequences. Since a polyclonal
antibody against S14 was used, our ELISA may detect S14-R as
well. However, S14-R was known not to be influenced by thyroid
hormone treatment.[13] Therefore, the negative relation between
the serum S14 and thyroid function cannot be ascribed to S14-R.
Specific monoclonal antibodies should be generated in the future
to solve this problem. Sixth, changes of serum S14 levels after
treatment for thyroid dysfunctions would provide more
information concerning the correlations between S14 and fT4
or TSH. However, we had no posttreatment data for the
hyperthyroid patients in this study. Seventh, our analysis revealed
that the differences of S14 concentrations among hyperthyroid or
euthyroid patients were prominent in females but not in males.
We had small male patient number. The sex effect on the changes
of serum S14 levels in hyperthyroidism or euthyroidism remained
to be investigated. Eighth, glucose may influence the levels of S14;
there were 2 subjects in hyperthyroid group and 1 in euthyroid
group with elevated fasting glucose. However, there was no
difference in FPG levels between patients with hyperthyroidism
and euthyroidism. In addition, we did not have information of
their dietary content, including carbohydrate intake.
In conclusion, we developed an ELISA to measure serum level

of S14. We presented the first study to evaluate the serum S14
level in hyperthyroidism or euthyroidism in human. Our study
revealed that patients with hyperthyroidism had higher serum
level of S14 than subjects with euthyroidism. The difference of
S14 levels among hyperthyroid or euthyroid patients were
prominent in females but not in males. The TSH quartile group
had negative association with serum logS14. The S14 ELISA
could be applied to study the impact of S14 in various conditions
in human, such as lipid metabolism, insulin resistance, obesity, or
breast cancer. The negative association between S14 and TSH
should be further investigated in the whole thyroid function
spectrum. A more comprehensive follow-up study is required to
investigate whether S14 can be a biomarker to monitor thyroid
function and treatment response.
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