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Abstract

Objective: Brain-derived neurotrophic factor (BDNF) plays a well-
established role in neuronal development and plasticity. Recently it has been 
speculated that BDNF may be involved in the pathogenesis of immune system 
diseases, because T lymphocytes can secrete BDNF and express its specific 
receptor tyrosine kinase B (TrkB). Our aim is to detect the serum BDNF 
level and the expression of TrkB on peripheral blood T cells in patients with 
dermatomyositis (DM) and their contribution to the disease pathogenesis.

Methods: Twenty-six patients with DM and 30 age- and sex-matched healthy 
controls were enrolled. The serum BDNF level was measured by enzyme-linked 
immunosorbent assay (ELISA). Flow cytometry was used to measure the 
percentage of TrkB expression on the surface of CD3+CD4+ or CD3+CD8+T 
cells. Erythrocyte sedimentation rate (ESR), C-reactive protein(CRP), blood 
lymphocyte count, platelet count, fibrinogen, D-dimer(D-D), IgG, IgM, IgA and T 
cell subsets were acquired from the standard laboratory procedure.

Results: Compared to the controls, the serum BDNF level of patients with 
DM was significantly decreased (16012.8±6012.5 pg/ml vs. 33116.5±7146.5 
pg/ml, p<0.001). In addition, the serum BDNF level was significantly lower in 
the DM patients with interstitial lung disease (ILD) than in those without ILD 
(14586.6±5120.5 pg/ml vs. 20455.1±6484.5 pg/ml, p=0.028). Compared to the 
controls, the percentage of TrkB expression on CD3+CD4+ and CD3+CD8+ 
T cells was increased significantly (1.85%±1.81% vs. 0.65%±0.36%, p=0.008; 
6.8%±5.27% vs. 3.0%±2.74%, p=0.007, respectively). There was no significant 
difference in the expression of TrkB on CD3+CD4+ or CD3+CD8+ T cells 
between DM patients with and without ILD.

Conclusion: The serum BDNF level and TrkB expression on T cells may 
reflect the disease activity of DM and could be used as serological markers of 
DM. Especially, a serious decline in serum BDNF level may imply a pulmonary 
involvement of DM.

Keywords: Brain-derived neurotrophic factor; Immune system diseases; T 
lymphocytes

of peripheral blood T cells and relevant serological factors in DM 
may contribute to a better understanding about the pathogenesis and 
clinical characteristics of DM.

Brain-derived neurotrophic factor (BDNF) is one of the 
representative members of the neurotrophin family, which plays an 
important role in the survival, differentiation and function of the 
neurons [5,6]. Previously, BDNF was considered to be existed only 
in the central nervous system and synthesized by astrocytes. In recent 
years, it has been found that the lymphocytes can also synthesize and 
secrete BDNF [7], and express its specific receptor: tyrosine kinase B 
(TrkB) [8,9]. Both BDNF secretion and TrkB expression are increased 
in activated T and B cells [7]. The combination of BDNF and TrkB can 
promote proliferation of T cells and affect the differentiation of T cells 
into Th1 and Th2 [10], and is involved in the maturation, proliferation 
and activation of B cells [11-13]. In BDNF- deficient mice, the total 

Introduction
Dermatomyositis (DM) is an autoimmune disease of unknown 

etiology and poor prognosis, characterized by involved striated 
muscle, inflammatory cell infiltration, muscle fiber degeneration and 
necrosis, as well as multiple skin lesions [1,2]. Chronic proximal and 
pharyngeal muscle weakness are the clinical features of DM, and DM 
is frequently complicated with interstitial lung disease (ILD), which is 
one of the main causes of death. Muscle biopsy in DM patients shows 
that CD4+T cells, macrophages and a small amount of B cells are 
the main components of inflammatory cells, suggesting that cellular 
immune response mediated by T cells plays an important role in the 
pathogenesis of DM [3]. However, the detailed mechanisms remain 
unclear. Because muscle biopsy is inconvenient in clinic, serological 
markers with high sensitivity and specificity are still required for the 
diagnosis and research of DM [4]. Therefore, studying the features 
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number of thymic T cells decreased, and the development of B cells 
stopped at the pre BII stage [14]. Furthermore, BDNF-deficient mice 
displayed an attenuated immune response in the acute phase of 
experimental autoimmune encephalomyelitis (EAE) [15].

Significant changes of BDNF level have been reported in sera 
or tissues of the patients with some autoimmune diseases, such as 
systemic sclerosis [16], multiple sclerosis [17], Crohn’s disease [18], 
sarcoidosis [19], primary Sjogren syndrome [20] and systemic lupus 
erythematosus [21-23]. Although the results of BDNF examination 
are inconsistent across these previous reports, they highlight the 
potential role of BDNF in the pathogenesis of autoimmune diseases. 
In this study, we examined the level of BDNF in the sera of DM 
patients and the expression of TrkB on the peripheral T cells. Our 
results for the first time suggest that the BDNF and TrkB may relate 
to the cellular immune response in DM.

Methods
Subjects

We collected 26 newly diagnosed DM patients (including three 
clinically amyopathic dermatomyositis, CADM) between Oct 2017 
and Mar 2018 as well as 30 healthy controls from the Department 
of Rheumatology of the First Affiliated Hospital of China Medical 
University. All patients fulfilled the diagnosis criteria of Bohan and 
Peter [24] and the modified Sontheimer’s definition [25]. We only 
selected the patients that had a disease duration shorter than one 
month and had not received immunosuppressive therapy. Exclusion 
criteria included presence of other immune diseases, current 
infections, tumor, depression, psychosis and chronic renal disease 
or stroke. This study was in line with the standards of the ethics 
committee of our hospital. Informed consent was obtained from all 
individual participants included in the study.

Clinical and laboratory data
Complications of interstitial lung disease (ILD) in DM patients 

were diagnosed by at least two rheumatologists based on high-
resolution computed tomography (HRCT), pulmonary function test 
and clinical presentation. Laboratory data such as lymphocyte count, 
platelet count, erythrocyte sediment rate (ESR), C-reactive protein 
(CRP), immunoglobulin (IgG, IgA, IgM), complements (C3 and C4), 
fibrinogen (Fib) and D-dimer (D-D) levels were measured at the time 
of enrollment and recorded for further analysis. Additional peripheral 

blood samples were divided into two parts: one was centrifuged 
shortly after clot formation to obtain serum, and were frozen at -80°C 
within 2 hours to assay the BDNF level within one month; the other 
was anticoagulated to obtain peripheral blood mononuclear cells 
(PBMC).

Measurement of serum BDNF level by ELISA
The serum BDNF level were measured by ELISA kits according 

to the manufacturer’s instructions (R&D Systems, Minneapolis, 
MN, USA). All assays were performed in duplicate. The data were 
presented as pg/ml.

Detection of TrkB on the surface of T cells by flow 
cytometry

Blood specimens were disposed with the use of lymphocyte 
separation medium (Ficoll-Paque™ PLUS, Amersham Biosciences) 
and then centrifuged to get PBMCS. The PBMCs were stained with 
fluorochrome-conjugated mAbs by a 30min incubation at 4°C. 
Stained samples were acquired by using FACSCan and Cell Quest 
software (BD Biosciences). The results were analyzed by FlowJo v10 
software (Tree Star, Ashland, OR, USA). The expression of TrkB were 
calculated after gating on CD3+CD4+ or CD3+CD8+ lymphocytes. 
The antibodies used for the surface staining were as follows: PE 
-conjugated CD3 antibody (clone HIT3a; BD Biosciences); FITC-
conjugated CD4 antibody (clone RPA-T4; BD Biosciences); PE-Cy7-
conjugated CD8 antibody (clone RPA-T8; BD Biosciences); APC-
conjugated TrkB antibody (Mouse IgG1 Clone; R&D Systems) and 
their Isotype controls.

Statistical analysis
Data were presented as means ± standard deviation (SD). 

Student’s t test, One-way analysis of variance (ANOVA) and multiple 
comparison (Tukey’s test) were used to examine the differences 
between the controls and the DM patients with ILD or without it. 
Pearson regression was used to examine the correlation between 
various laboratory measures and BDNF level. Analysis was performed 
with the SPSS 17.0 software. Statistical tests with two-tailed p values 
less than 0.05 were considered significant.

Results
Clinical characteristics of DM patients

Demographic and partial clinical profile of DM patients and 
healthy controls were summarized in Table 1. From the given 
data, 61.5% DM patients complicated with ILD. DM patients had a 

Figure 1: The serum BDNF level in DM patients and healthy controls. Mean 
and SD were indicated. P<0.001, Student’s t test.

DM(n=26) HC(n=30)

Age(years) 45.4(13.5) 46.5(15.6)

Age range(years) 20-67 22-68

Male/Female 8/18 9/21

Duration of disease (months) 3.0 --

LY(109/L) 1.1(0.6)** 2.1(0.4)

PLT (*109/L) 218.1(87.7) 262.1(46.6)

ILD 16 --

Table 1: Demographic and partial clinical profile of DM patients and healthy 
controls.

Values are mean (SD), LY, lymphocyte; PLT, platelet; ILD, interstitial lung 
disease. **: p<0.01, compared to HC, Student’s t test.
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significant decrease in lymphocyte count compared with the controls 
(1.1±0.6 vs. 2.1±0.4, p<0.001, Student’s t test).

Serum BDNF level in DM patients and healthy controls
The serum BDNF level in DM patients showed a significantly 

lower level compared with the healthy controls (16012.8±6012.5 pg/
ml vs. 33116.5±7146.5 pg/ml, p<0.001, Student’s t test) (Figure 1).

TrkB expression on CD3+CD4+ and CD3+CD8+ T cells in 
DM patients and healthy controls

Flow cytometry analysis showed that the percentage of TrkB 

expression on the CD3+CD4+ and CD3+CD8+ T cells (described as 
CD3+CD4+TrkB+/CD3+CD4+, CD3+CD8+TrkB+/CD3+CD8+) 
was increased significantly when compared to the controls. Figure 2 
showed an example of fluorescence activated cell sorter (FACS) dot-
plots for CD3-CD4, CD3-CD8, CD3CD4TrkB-SSC, CD3CD8TrkB-
SSC, respectively.

Statistical analysis revealed a significant increase of the percentage 
of CD3+CD4+TrkB+ and CD3+CD8+TrkB+ T cells in DM patients 
compared to healthy controls (1.85%±1.81% vs. 0.65%±0.36%, 
p=0.008; 3.0%±2.74% vs. 6.8%±5.27%, p=0.007 respectively, Student’s 
t test) (Figure 3(a) and (b)).

Association between the serum BDNF level, TrkB 
expression and laboratory data

Table 2 presents the results of Pearson regression between 
laboratory data and serum BDNF level or percentage of TrkB on T 
cell subsets. The serum BDNF level in DM patients was negatively 
correlated with D-D, positively correlated with lymphocyte and PLT 
count. The percentage of CD3+CD8+TrkB+ T cells was negatively 
correlated with Fib.

Figure 2: TrkB expression on CD3+CD4+ and CD3+CD8+T cells in DM patients and controls. (a) Fluorescence activated cell sorter (FACS) dot-plots of CD3-CD4. 
(b) FACS dot–plots of SSC- CD3+CD4+TrkB+. (c) FACS dot–plots of CD3-CD8. (d) FACS dot–plots of SSC- CD3+CD8+TrkB+.

Parameter
BDNF CD3+CD4+TrkB+ CD3+CD8+TrkB+

r p r p r p

WBC (109/L) 0.467* 0.028 0.069 0.765 0.203 0.376

LY (109/L) 0.504** 0.009 -0.108 0.641 0.34 0.131

PLT (109/L) 0.491* 0.011 0.256 0.262 0.006 0.979

ESR(mmH2O/h) -0.135 0.57 -0.043 0.853 -0.17 0.461

CRP (mg/l) -0.331 0.132 -0.125 0.589 -0.102 0.66

D-D (ug/ml) -0.459* 0.018 -0.054 0.816 0.098 0.673

Fib (g/L) -0.08 0.737 -0.247 0.294 -0.468* 0.033

IgG (g/L) 0.171 0.484 0.12 0.603 0.014 0.952

IgA (g/L) 0.028 0.91 0.157 0.498 -0.13 0.575

IgM (g/L) 0.315 0.189 0.263 0.249 -0.054 0.816

CD3+T 0.244 0.33 0.018 0.939 0.203 0.391

CD4+T 0.245 0.328 0.033 0.89 0.383 0.096

CD8+T 0.184 0.466 0.001 0.996 -0.029 0.904

Table 2: Correlation between laboratory data and serum BDNF level or 
percentage of TrkB+ on T cell subsets.

WBC, white blood cell; LY, lymphocyte; PLT, platelet; ESR, erythrocyte 
sedimentation rate; CRP, C- reactive protein. D-D, D-dimer; Fib, fibrinogen; IgG, 
A, M, immunoglobulin G, A, M; CD4+T, CD4+T lymphocyte; CD8+T, CD8+T 
lymphocyte; CD3+T, CD3+T lymphocyte. *: p<0.05, **: p<0.01, compared to HC, 
Student’s t test.

Figure 3: Percentage of TrkB expression on CD3+CD4+ and CD3+CD8+ T 
cells in DM patients and controls. (a) Mean percentage of CD3+CD4+TrkB+ 
cells in two groups. (b) Mean percentage of CD3+CD8+TrkB+ cells in two 
groups. p < 0.01, Student’s t test.
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The serum BDNF level and interstitial lung disease
The serum BDNF level in DM patients with ILD was significantly 

lower than that in the patients without ILD (14586.6±5120.5 pg/ml, 
n=16 vs. 20455.1±6484.5 pg/ml, n=10, p=0.028 (Figure 4). There 
was no significant difference in TrkB expression on CD3+CD4+ or 
CD3+CD8+ T cells between DM with and without ILD (1.81%±1.95% 
vs. 1.93%±1.58%, p=0.886 ; 6.49%±5.12% vs. 7.60%±6.04%, p=0.674 
respectively).

Discussion
In this study, we, for the first time, examined the serum BDNF 

level and TrkB expression on T cells in DM patients. We found that 
the serum BDNF level in DM patients was significantly lower than 
that in healthy controls, while the TrkB expression on the CD3+CD4+ 
and CD3+CD8+T cells in peripheral blood was significantly higher. 
It has been well established that BDNF has potential therapeutic 
value for some central nervous system degenerative diseases, such 
as Alzheimer’s, Parkinson’s and Huntington’s diseases [26-28]. 
Recently, accumulating evidence indicates that neurotrophins play 
a certain role in immune system diseases, supporting the neuron-
immune network theory [29]. Lymphocyte is one of the main sources 
of BDNF in peripheral blood. TrkB is the specific receptor of BDNF. 
The binding of BDNF and TrkB can promote the differentiation 
of T cells into TH1 and TH2, and play an important role in the 
proliferation and survival of T cells, as well as have anti T cell 
apoptotic effect [30-32]. Previous studies have suggested that the 
low BDNF level attenuates the proliferation and differentiation of 
inflammatory cells and reduces the extension of immune response in 
autoimmune diseases.

In this study, we found that the serum BDNF level was decreased 
in DM patients. We speculated that this may be attributable to three 
factors. Firstly, lymphocyte is one of the main sources of serum 
BDNF, thus, the low BDNF level might be associated with a marked 
decrease of lymphocyte count in DM patients. It is well known that 
DM is often accompanied by lymphopenia [33]. Our data did show a 
positive correlation between the BDNF level and lymphocyte count.

Secondly, endothelial cells and vascular smooth cells of 
capillaries and arteries also secret BDNF and express TrkB. BDNF 
plays an important role in vascular development and survival of 
vascular endothelial cells [34,35], and can enhance vascular flow and 
regulate revascularization of ischemic tissues [36]. DM patients often 

have impaired endothelial function and inflammation of vascular 
wall, manifested as skin vacuities, vascular lesions of muscle and 
pulmonary vacuities. As one of the sources of BDNF, endothelial 
impairment may also contribute to the decrease of serum BDNF level 
in DM patients. Moreover, D-D is a sensitive marker of vascular wall 
damage and acute thrombosis. The more severe of the endothelial 
cells are damaged, the higher the concentration of D-D is. Our results 
showed that BDNF and D-D were negatively correlated, suggesting 
that low BDNF might be significant in judging the damage of vascular 
wall. Consistent with this, previous reports also found a decrease in 
the serum BDNF level in systemic sclerosis patients, which has been 
related to microvascular disease and impaired endothelial function in 
systemic sclerosis [16].

Thirdly, muscle biopsy of DM patients indicates that there are 
amount of CD4+T cells infiltrating in the skin rash, muscle tissue 
and lung [3]. Thus, there is a possibility that a large amount of BDNF 
accumulates in tissues of DM patients and then is consumed locally. 
This is required to be further examined using pathological and 
immunohistochemical methods.

Our results showed that the serum BDNF level of DM patients 
combined with ILD was the lowest. Endothelial function of DM 
patients with ILD were more seriously impaired, and muscle biopsy 
of DM patients indicates that there were amount of CD4+T cells 
infiltrating in the lung [3]. In addition, Immunoblots revealed 
that fibroblastic foci in idiopathic pulmonary fibrosis (IPF)/usual 
interstitial pneumonitis (UIP) strongly was stained for BDNF and 
TrkB [37–39]. Lung tissue may be the target of CD3+CD4+TrkB+ 
cells infiltration in DM patients. Those above supported our result 
that the serum BDNF level of DM with ILD was lower.

It has been reported that the BDNF level in platelet-poor plasma 
was lower. Platelets may have a non-releasable pool of BDNF or the 
released BDNF binds to a recognition site on the platelet surface and 
is internalized. Thrombin and collagen can induce a rapidly amount 
of release of BDNF from platelets. Our result that the BDNF level 
was positively correlated with PLT count was accordant with the 
report above. In contrary, the specific BDNF receptor, TrkB, was not 
detected in platelets. No BDNF mRNA was detected by Northern 
blotting in platelets [40].

Until now we do not know the reason of the increase of TrkB 
expression on T cell surface in DM patients. Though TrkB expression 
could be up-regulated in response to the decrease of BDNF level, 
our data does not show a clear negative correlation between serum 
BDNF level and percentage of TrkB. This issue is worthy of further 
investigation to reveal the signal transduction pathways initiated by 
the binding of BDNF to TrkB, and the interaction between BDNF and 
other inflammatory factors.

In summary, the present findings provide the first evidence for a 
role of BDNF level as a marker of disease activity and poor prognosis 
in DM, especially for the DM which is complicated with ILD. This 
study raise the possibility, which should be investigated by further 
studies with larger patient cohorts, that by measuring BDNF at 
the time of diagnosis we might obtain more information about the 
disease and the risk of ILD accompanied.

Figure 4: The serum BDNF level in healthy controls, DM patients with ILD (n 
=16) and without ILD (n =10), p < 0.05, p < 0.001, ANOVA and Tukey’s test.
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