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ABSTRACT

Objective: The current research was performed to investigate the association between serum testosterone and
Tenascin-C lewels in people with depressive disease, and assess the potential significance of Tenascin-C as a
predictive parameter for the assessment of depressive symptoms. Method: The lewvels of Tenascin-C were detected
in the serum of 117 clinically depressive patients and matched 104 healthy blood donors by enzyme-linked
immune-absorbance assay tests. Concentrations of estradiol, testosterone, free thyroxine, free triiodothyronine,
thyroid-stimulating hormone and high-sensitivity C-reactive protein were also analyzed. Results: We found that
patients with depression had lower levels of testosterone, free triiodothyronine, thyroid-stimulating hormone and
testosterone/estradiol ratios than healthy controls, while Tenascin-C and hs-CRP levels were higher in patients
compared with control subjects. The sensitivity of Tenascin-C in detecting depression was 83% at a specificity of
64%. Multiple linear regression analysis displayed that testosterone, testosterone/estradiol ratios and Tenascin-C
levels were negatively correlated in male depressive patients. Increased Tenascin-C serum levels are associated
with depression severity (p=0.003) and suicidal ideation (p=0.013). Conclusion: the progression of depressive
disorder is potentially influenced by the up-regulation of TNC in the presence of low hormone concentrations in
male patients.

KEYWORDS: Tenascin-C; Sex hormone; Depression; Thyroid hormones.

INTRODUCTION

Depressive disorder is acomplex, detrimental psychiatric
disorder with a lifetime prevalence of approximate
16%.M The pathogenesis, presentation, course and
response to treatment are highly variable. Extensive
investigations have reported that neurotrophy disorder,
dysregulation of  monoamine, dysfunction of
hypothalamic-pituitary-adrenal (HPA) and inflammatory
occurrence are found to relate to MDD.** However, the
exact pathophysiology of MDD is not easily understood.
The results reported by Hisashi et al™® have found that
there was a negative correlation among serum
testosterone levels and the number of depressive
episodes in male depressive patients, while serum
testosterone levels in either male or female depressive
patients remained unchanged compared with healthy
controls. In addition, a review by Amore et al®® suggests
that partial androgen deficiency (PADAM) in aging
males is related to various behavioral symptoms,
including weakness, depressive mood, anxiety and
memory impairment, and that testosterone treatment
might give rise to antidepressant effects. Increasing

evidence also indicated that low testosterone abundances
should be regarded as an independent depressive risk
factor in male patients.!*"]

Tenascin-C ~ (TNC) is an extracellular matrix
glycoprotein expressed during the development of
multiple organisms and in pathological progress,
including inflammation and tissue impairment as well as
psychiatric disorders. An earlier study indicated that
functional suppression of TNC plays an important role in
Alzheimer's disease (AD), indicating that TNC might be
a potential therapeutic target for AD.'®JA recent study
also showed that TNC was induced in the brain during
the development of brain edema and blood-brain barrier
(BBB) disruption following subarachnoid hemorrhage
(SAH), suggesting a potential for TNC as a molecular
target in SAH- stimulated brain damages.!” Up-
regulation of TNC occurs spatially and temporally during
angiogenesis, while TNC is not measured when
neovascularization had ceased inthe central nervous
system (CNS).["% A study related to serum proteomic
profiling of major depressive disorder suggested that
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TNC may be a biomarker for depression and that it may
participate in its pathophysiology.™ These results
suggest that TNC responds to the presence of common
psychopathic risk factors and predicts psychopathic
events. Moreover, proinflammatory cytokines promote
HPA-axis activation, associate with TNF-a, cytokines
plays an important role in the development of wider
depression.!*¥ In addition, TNC plays an essential role in
the inflammatory response to the brain and may increase
the development of depression.

Earlier studies suggested that estrogen and androgen
regulate the expression of TNC in vitro,**** suggesting
a potential role of these sex hormones in TNC- mediated
signaling pathways. The functions of TNC- mediated
pathways, and its role in inflammation, apoptosis and
oxidative stress may particularly relate to depression in
humans. Newertheless, the clinical value of TNC and the
relationship among TNC lewels and sex hormones in
male depressive patients remain to be unknown. This
study was performed to reveal these issues using a cross-
sectional research in male depressive individuals. In the
current study, we analyzed the diagnostic value of TNC
in depressive disorder and the association among TNC
levels and sex hormones with other parameters that are
changed in male patients with depression.

MATERIALS AND METHODS

Characteristics of male patients and healthy controls
Serum samples of 127 male depressive patients, age
ranging 18 to 72 years (median 36.48 years) with a
clinical diagnosis of depressive disorder and blood sera
of 109 male healthy volunteers, age ranging 21 to 76
years (median 33.29 years), were recruited in the current
study. All depressive patients and healthy volunteers
underwent a Structure Clinical Interview for DSM-IV
(SCID) and their essential information were collected
from Department of Psychiatry at Zhongnan Hospital of
Wuhan University. The non inclusion criteria of healthy
controls were as follows: if they had recently taken
medication, refused to provide informed consent, had
diseases that might interfere with the study, including
hyperthyroidism, other mental disorders, or neurological
disease. These participants did not suffer from bipolar
depression, although some of them suffer from recurrent
depression. Sociodemographic information, cigarette
consumption, alcohol use, symptom duration and the
status of drug treatment were also recorded at the
beginning of hospitalization. Hamilton Depression Scale
(HAMD) was performed to assess depression severity,
hopelessness, impulsivity, and suicidal ideation of
depressive patients. All depressive patients had no
antecedent of antidepressants for at least one prior to
research. The research was approved and performed in
accordance with the principals of the Medical Ethics
Review Committee of Zhongnan Hospital, Wuhan
University. All participants provided written informed
consent before recruited this study.

Sample collection
Antecubital wvein blood of each individual was drawn
between 8 and 9 o'clock in the morning after without
food consumptionfor at least 8 hours. Blood serum were
recovered, aliquoted into 1.5-ml tubes and stored at -
80°C until analysis.

Analytical methods

The levels of TNC in depressive patients were measured
using an available commercial enzyme-linked
immunosorbent assay kit (CusaBio, Wuhan, China)
according to the manufacturer's guidance. All serum
samples were also used to determine the levels of high-
sensitivity C-reactive protein (hs-CRP) using a Siemens
Advia 2400 automatic biochemistry analyzer (Siemens,
Erlangen, Germany). The lewels of estradiol (E2),
testosterone  (T), free thyroxine (FT4), free
triiodothyronine (FT3) and thyroid-stimulating hormone
(TSH) were measured by a Siemens Advia Centaur CP
(Siemens, Erlangen, Germany).

Statistical analysis

The statistical analysis was carried out using IBM SPSS
version 19.0 statistics software (Chicago, IL, USA). The
normality of distribution variables is displayed as
averageststandard deviation (SD). The normality of
distribution variables and homogeneous analysis of all
variables were evaluated using Levene's test. Group
differences of cigarette consumption, alcohol use,
symptom duration, T, E2, T/E2 ratio, TSH, and drug
treatment were assessed by independent t-test. Group
differences of age, TNC, FT3, FT4 and hs-CRP were
analyzed by Mann-Whitney test. Correlations among
TNC and T, E2, T/E2 ratio, TSH, FT3, FT4, hs-CRP
were assessed using Spearman's analysis. The
relationships between the depressive incidence and the
measured values were carried out using univariate and
multivariate logistic regression analysis. The association
between TNC lewels and depressive risk factors was
carried out by multiple linear regression analysis. The
cut-off concentration of TNC quantification was
determined by the Youden-index. All variables achieving
a P value < 0.05 were regarded as statistically significant.

RESULTS

Characteristics of the study population

The lewels of sex hormone and thyroid hormone in
control and depressive groups were summed up in Table
1. Depressive patients had lower TSH and FT3 lewels
than did the control individuals, while the hs-CRP lewels
in the depressive group significantly increased compared
with control group (all p<0.01). Table 1 and Figure 1
show that serum  testosterone lewvel and
testosterone/estradiol ratio were significant lower in
depressive subjects than the control individuals ( all
p<0.001). In addition, estradiol and FT4 lewels
unchanged in depressive group when compared to
healthy controls. The antidepressants treatment for
patients before at least one prior to research are
summarized in Table 1.
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Tenascin-C (TNC) concentrations in depressive was
significantly increased (mean £ SD=11.79 £ 6.06 ng/ml)
compared with control subjects (mean + SD=6.92 + 2.87
ng/ml, p<0.001; Figure 2). The results of receiver
operating characteristic curves analysis displayed that
TNC hawve a high diagnostic value for depression. The
area under curve (AUC) was 0.764. The cut-off level
determined by the Youden index was 8.33 ng/ml. The
sensitivity of TNC in diagnosing depression was 64% at
a specificity of 83% compared with healthy controls.

Correlation among TNC levels and variables in
depressive patients

The association between TNC lewels and the
concentrations of thyroid and sex hormones were carried
out using Spearman partial correlation analyses. After
adjustment for age, serum TNC concentrations were
negatively associated with estradiol, testosterone levels
and estradiol/testosterone ratios, while were positively
correlated with FT4 levels (Figure 2). The data indicated
that depressive patients with higher serum testosterone
levels and estradiol/testosterone ratios appeared to have
lower serum TNC lewels.

Logistic regression analyses for depression
Univariate and multivariate logistic regression analyses
were carried out to evaluate the variables predicting the
incidence of depression (Table 2). Univariate analyses
indicated that testosterone, estradiol/testosterone ratios,
TNC, TSH, FT3, and hs-CRP were correlated with the
incidence of depression. Multivariate analyses showed
that estradiol/testosterone ratios, TNC, TSH, and FT3
levels were predictors for the incide.

Association between TNC and the main depressive
risk factors in patients

The relationship among TNC and depressive risk
variables was further evaluated using multivariate
regression analyses. The results from Table 3 showed
that TNC was negatively correlated to testosterone levels
and estradiol/testosterone ratios in male patients with
depression.

Association of TNC serum levels and clinical symptoms
Depressive patients were divided into two groups,
including high-concentration (>8.33 ng/ml) and low-
concentration (<8.33 ng/ml) TNC groups. The
association of clinical symptoms and TNC lewels using
cross table displayed a significant relationship elevated
TNC lewels and depression severity (severe depression
compared with medium and mild depression; p=0.003)
and suicidal ideation (no wersus yes; p=0.013),
respectively (Table 4). The clinical parameter (age) did
not display a significant difference in these two groups.
Howewer, there are no significant associations between
TNC lewels and hopelessness, impulsivity in high- and
low-level groups.

DISCUSSION

The purpose of the current research was to investigate
the relationship between serum sex hormone
concentrations and TNC lewvels in male patients, and
assess the potential of TNC as a diagnostic and
prognostic value in patients with depressive disorder.
Until now, only a few studies have evaluated the
functional role of TNC in the occurrence of depression.
The data in this study displayed that serum TNC
concentrations were significantly increased compared
with control subjects (p<0.001). The AUC indicated an
available discriminatory ability of TNC (AUC=0.764;
Figure 2). The sensitivity (64%) and specificity (83%) of
TNC were significantly higher than the serum
biomarkers for depressive episodes reported by
Gottschalk.!*®! These results remind us to accept that
TNC might be an appropriate diagnosing marker for the
depressive disorder due to the fact that the owver-
expression of TNC was found to suppress the
regeneration of the nervous tissue.™™® In our research, the
results found that serum testosterone lewels and
testosterone/estradiol ratios were significantly lower in
male depressive patients than in healthy controls. Serum
TNC lewels were negatively correlated with testosterone
levels and testosterone/estradiol ratios. Multiple linear
regression analyses indicated that serum levels of TNC
and testosterone were closely correlated in male
depressive patients. Moreover, serum TSH and FT3
levels significantly decreased compared with the control
group, which is consistent with the results reported by Jia
et al.l' In addition, TNC levels were positively
associated with FT4 lewvels in male depressive patients,
indicating that the over-expression of TNC is associated
with the functional turbulence of the hypothalamic-
pituitary-thyroid (HPT) axis in depressive patients. In
this study, the lewvel of alcohol in the control group was
higher than in the patient group, but the difference of the
two groups has no statistical significance. However, the
alcohol used, might also have affected the levels of TNC
and hormones, so further prospective researches with
large populations are needed to assess our results.

Serum proteomic profiling of major depressive disorder
has demonstrated that TNC may help to diagnose the
disease. Additionally, TNC improves our understanding
of its pathophysiology.!**! An earlier study has reported
that TNC deficiency can weaken climbing fibers (CF)
paired-pulse depression and augment parallel fibers (PF)
paired-pulse facilitation, which indicates that TNC may
suppress the regenerative ability of the nervous tissue.16
In addition, TNC is considered to play important
functional roles during neural development, axonal
regeneration, and synaptic plasticity.'*®! Moreover, our
results showed that TNC lewvels are positively correlated
with FT4 lewels in male patients with depressive
disorder, suggesting that the over-expression of TNC in
depressive patients leads to the functional turbulence of
the hypothalamic-pituitary-thyroid (HPT) axis. However,
the mechanism of this hypothesis needs to be further
studied. We also observed the association of TNC serum
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levels and depressive clinical symptoms, which found
significant correlations of increased TNC lewels with
depression severity and suicidal ideation (p=0.003 and
p=0.013, respectively), suggesting a relatively increased
TNC lewels in patients with severe depression. TNC was
reported to not only inhibit neurite outgrowth and
binding with neuritogenic substrates,8 but also promote
inflammatory response, neuronal apoptosis, and
oxidative stress injury.!**"Therefore, these effects of TNC
may exacerbate depression severity and suicidal ideation.

Previous studies have demonstrated that estrogen
improves depression-like behavior by suppressing
inflammation, activating ndoleamine- 2,3-dioxygenase
(IDO) and maintaining serotonin (5-HT) levels.™!
Similar research has also shown that testosterone has
antidepressant effects through activating the extracellular
signal-regulated kinase 2 (ERK2) signaling pathway
within the dentate gyrus area of the hippocampus.?? A
review by Amiaz et al.!?!] states that most studies do not
support testosterone treatment or replacement as more
efficacious than antidepressant for depressive disorder,
but it may be efficacious in certain groups, including
hypogonadal male patients, antidepressant-resistant men,
male patients with early onset depression, and HIV-
infected men. The conclusions from another review also
demonstrated that testosterone may not be regarded as a
broadly effective drug for depression, but it may produce
antidepressant effects.!”?! Earlier research has reported
that testosterone ablation stimulates TNC expression in
the rat prostate,™*! and our study showed that the
testosterone levels and testosterone/estradiol ratios are
significant lower than in healthy controls, while the TNC
concentrations significantly increased compared with
control subjects. Furthermore, the correlation analysis
demonstrated that TNC lewels are negatively associated
with testosterone levels and testosterone/estradiol ratios,
indicating that the synergistic effect of exogenous
testosterone/estradiol may suppress the expression of
TNC via androgen/estrogen receptor and further improve
the symptoms. Our data also suggest that reduced
testosterone level may play an important role in up-
regulating the expression of TNC and stimulating
depression.

The current research does, however, have limitations.
The depressive individuals were blind to the
antidepressants used and it may impact the serum TNC
levels and multiple hormones lewels. Although every
participant in this study had no antecedent of drug
treatment for at least one month prior the recruitment, the
current research did not investigate the influence of
antidepressants on serum TNC and hormones lewels.
Another limitation is the lack of power to observe the
impact of other possible risk factors. In addition, the
mean values of the measured parameters in both groups:
control group and depressive group, respectively, while
those include T, E2, TSH, FT3, FT4, hs-CRP, were
within standard values due to the confined populations

and the undemanding inclusion criteria. Further
prospective research with large populations is needed to
assess the prognostic power of TNC serum
concentrations and the association between TNC and
testosterone lewvels in patients with depressive disorder.
Furthermore, the functional roles of TNC and
testosterone in depression are poorly understood and
need to be observed in in vivo and in vitro studies. In
addition, the mechanism of the influence of
testosterone/estradiol  synergistic effect on TNC
expression needs to be further investigated in vitro.
Collectively, the results of the present research are the
first time to report that TNC levels are correlated with
testosterone/estradiol ratios and TNC could be used as a
predictive factor for depression.
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FT3 (d), hs-CRP (e) in control and depressive groups
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List of tables

Table 1.
Characteristics Controls (n=104) Depressive Patients (n=117) p
Age (year) 33.29+£10.71 36.48 £15.73 0.584
Cigarette consumption (%) 39 (30.7%) 44 (34.6%) 0.546
Alcohol use (%) 26 (23.9%) 16 (12.6%) 0.054
Symptom duration (months) - 36.47 +31.72
TNC (ng/ml) 6.92 £2.87 11.79 +6.06 <0.001
T (241-376.72 ng/ml) 44147 £142.96 336.28 + 150.53 <0.001
E2 (19.5-144.2 pg/ml) 30.28 +11.51 28.80 +12.87 0.354
T/E2 ratio 15.74 £6.01 12,74 +5.81 <0.001
TSH (0.55-4.78 plU/ml) 2.26 £0.93 1.75+1.03 <0.001
FT3 (2.3-4.2 pg/ml) 3.50+0.30 3.38+£0.43 0.006
FT4 (0.89-1.80 ng/ml) 1.23+0.14 1.27+0.22 0.310
hs-CRP (0-3.0 mg/l) 0.39+0.41 1.22+3.14 0.008
Treatment
Imipramine 44 (34.6%)
Mirtazapine 31 (24.4%)
Fluoxetine 27 (21.3%)
Other antidepressants 25 (19.7%)

TNC: Tenascin-C; T: testosterone; E2: estradiol; TSH: thyroid-stimulating hormone; FT4: free thyroxine; FT3: free
triiodothyronine; hs-CRP: high-sensitivity C-reactive protein

Table 2.
Factor Univariate Multivariate
OR 95% CI p OR 95% CI p

Age 1.018 0.998-1.037 0.077

E2 0.990 0.970-1.011 0.352

T 0.995 0.993-0.997 <0.001 1.002 0.999-1.005 0.180
T/E2 ratios 0.916 0.873-0.960 <0.001 1.090 1.019-1.166 0.012
TNC 1.312 1.204-1.429 <0.001 0.757 0.686-0.836 <0.001
TSH 0.578 0.433-0.772 <0.001 1.818 1.286-2.570 0.001
FT3 0.421 0.205-0.862 0.018 3.332 1.232-9.017 0.018
FT4 3.455 0.821-14.539 0.091

hsCRP 1.542 1.095-2.171 0.013 0.762 0.524-1.108 0.154

TNC: Tenascin-C; T: testosterone; E2: estradiol; TSH: thyroid-stimulating hormone; FT4: free thyroxine; FT3: free
triiodothyronine; hs-CRP: high-sensitivity C-reactive protein

Table 3.

T T/E2

TSH

FT3 hs-CRP

B-coefficient

-0.244

-0.187

-0.075

-0.074 0.041

<0.001

0.007

0.094

0.512 0.241

p
T: testosterone; E2: estradiol; TSH: thyroid-stimulating hormone; FT3: free triiodothyronine; hs-CRP: high-sensitivity

C-reactive protein.

Table 4.
All (n) TNC high(nand %) | TNC low (nand %) | Significance (p)
<40 80 28 (35%) 52 (65%)
Age (cut40) >40 47 14 (30%) 33 (70%) 0.543
Depression Mild 44 19 (43%) 25 (57%)
Sev'zrity Medium 57 37 (65%) 20 (35%) 0.003
Severe 26 21 (81%) 8 (19%)
No 89 53 (60%) 36 (40%)
Hopelessness Yes 38 26 (68%) 12 (32%) 0.151
. No 74 43 (58%) 31 (42%)
Impulsivity Yes 53 29 (55%) 24 (45%) 0.109
o No 92 41 (45%) 51 (55%)
Suicidal ideation Yes 35 21 (60%) 14 (40%) 0.013

WWW.ejpmr.com

175




Bongoloetal. European Journal of Pharmaceutical and Medical Research

1000- p<0.001 50 <0.001

T 2= ==

Contto; Group Dopn..l:u Groug

T levels
SEE
TIE, ratios
8

Conlro; Group Dopn.ol:ro Group

- p<0.001 - p=0.006

—_ d
1] — == =
e 1 =
o—— — )

FT13 levels

o

Conuo: Group Dopmu:n Group Conlroi Group Dopn-ll;n Group
- p=0.008
<
5 34
2
x
[« -
o % ——
Q
"
£ 14
———
o |« )

Control' Group Deprvssilve Group

Figure 1.

Figurel Serum lewels of T (a), T/E2 ratio (b), TSH (c), FT3 (d), hs-CRP (e) in control and depressive groups
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Figure 2.

Serum level of TNC in control group and depressive patients. a. Bars represent the average of n=109 control
individuals and n=129 depressive subjects as measured using ELISA kit (p<0.001). b. ROC of TNC for the detecting of
depressive patients versus control subjects.
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Scatter diagram depicting the association among TNC lewels and E2 lewvels(a), T lewels (b), T/E2 ratio (c), and FT4
levels (d).
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