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Serum miRnA as a possible 
biomarker in the diagnosis of 
bipolar ii disorder
Sheng-Yu Lee1,2,3,4,7, Ru-Band Lu4,5, Liang-Jen Wang  6, Cheng-Ho chang1, Ti Lu1,  
tzu-Yun Wang4 & Kuo-Wang tsai7,8*

The diagnosis of Bipolar II disorder (BD-II) is currently based on the patients’ description of symptoms 
and clinical behavioral observations. This study explored the possibility of miRNA in peripheral blood 
(serum) as a specific biomarker for BD-II. We identified 6 candidate miRNAs to differentiate BD-II 
patients from controls using next-generation sequencing. We then examined these candidate miRNAs 
using real-time PCR in the first cohort (as training group) of 79 BD-II and 95 controls. A diagnostic model 
was built based on these candidate miRNAs and then tested on an individual testing group (BD-II: 
n = 20, controls: n = 20). We found that serum expression levels of miR-7-5p, miR-23b-3p, miR-142-3p, 
miR-221-5p, and miR-370-3p significantly increased in BD-II compared with controls in the first cohort, 
whereas that of miR-145-5p showed no significant difference. The diagnostic power of the identified 
miRNAs was further analyzed using receiver-operating characteristic (ROC). Support vector machine 
(SVM) measurements revealed that a combination of the significant miRNAs reached good diagnostic 
accuracy (AUC: 0.907). We further examined an independent testing group and the diagnostic power 
reached fair for BD-II (specificity = 90%, sensitivity = 85%). We constructed miRNA panels using SVM 
model, which may aid in the diagnosis for BD-II.

Bipolar disorder (BD) has several subtypes. Bipolar I disorder (BD-I) and bipolar II disorder (BD-II) are two of 
the most commonly seen subtypes of BD. BD-I and BD-II differ in clinical presentation: BD-I involves one or 
more manic or mixed episodes in addition to one or more major depressive episodes. BD-II is characterised by 
at least one hypomanic episode with one or more major depressive episodes1,2. BD-II has become the focus of 
increasing attention and has been recognised as a unique disorder. Its prevalence rate ranges from 3% to 11%3. 
Nevertheless, because of the complex spectrum of symptoms, the diagnosis of BD remains subjective. Diagnosing 
BD is challenging because patients typically regard hypomanic episodes as a positive mood status or experience, 
and they only seek medical help during depressive episodes4. BD is initially misdiagnosed at a rate of approxi-
mately 40% and typically requires approximately 5–12 years to be correctly diagnosed and treated appropriately5,6. 
Delayed diagnosis and inefficacious treatment of BD-II may lead to a prolonged course, more affective episodes, 
and an increased suicide rate, adding further to its socioeconomic burden5,7.

Accumulating evidence reveals that microribonucleic acids (miRNAs) are involved in many biological pro-
cesses such as neurogenesis, neuroproliferation, and synaptic plasticity in the central nervous system8,9. Different 
expressions of peripheral miRNA have been reported in several mental disorders including schizophrenia, major 
depressive disorder, and Alzheimer disease10–12. Changes in peripheral miRNA may be correlated with changes in 
neuroendocrine or neuroimmune responses13. Because brain tissue is not easily accessible, blood-based miRNAs, 
which are inexpensively, noninvasively, and easily obtained, have been proposed for use as clinically applicable 
biomarkers of psychiatric disorders.
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Because BD may be a neurodegenerative disorder, previously investigated candidate miRNAs mostly involved 
the regulation of immunity14, which may contribute to the pathomechanism of neurodegeneration15–17. However, 
due to methodological inconsistencies, few results have been replicated. In addition, studies on miRNAs have 
mostly assessed only undifferentiated BD and not BD-II in particular18. The role of miRNA in BD-II remains 
unclear and warrants further study.

The present study explored whether miRNAs are noninvasive and applicable biomarkers that can assist in the 
diagnosis of BD-II. We identified miRNAs that may be associated with BD-II and evaluated whether they could 
be proper peripheral biomarkers. Using the identified miRNAs, we plan to develop a diagnostic tool that may 
yield early accurate diagnosis and effective pharmacological treatment of BD-II.

Methods
Patients with BD-II and healthy controls aged between 20 and 65 years were recruited from inpatient and out-
patient clinics at the Department of Psychiatry, Kaohsiung Veterans General Hospital and National Cheng Kung 
University Hospital. The research protocol was approved by the institutional review boards of Kaohsiung Veterans 
General Hospital (VGHKS18-CT9–15) and National Cheng Kung University Hospital (A-ER-107–133). The 
recruitment procedure followed relevant guidelines. The recruitment procedure was performed following related 
guidelines. After describing the study purpose to the patients, they agreed and signed the informed consent form.

Patients and procedures. Patients aged between 20 and 65 years and diagnosed with BD-II by research 
psychiatrists were recruited after a thorough medical and neurological evaluation. The patients recruited under-
went a structural interview to confirm their diagnosis; the Chinese version of the Modified Schedule of Affective 
Disorders and Schizophrenia-Life Time (SADS-L)19 was used. Epidemiologic data revealed that a 2-day duration 
is more common in community samples20–25; therefore, BD-II was diagnosed in the current study using a 2-day 
minimum criterion for hypomania instead of the 4-day duration adopted in the Diagnostic and Statistical Manual 
of Mental Disorders, Fourth Edition Text Revision (DSM-IV-TR; American Psychiatric Association, 2000). The 
inclusion criterion was being diagnosed with BD-II, either for the first time or with previous episodes. Exclusion 
criteria included (a) any other DSM-IV-TR Axis I diagnosis, such as organic mental disorders, substance use 
disorder, and other major and minor mental illnesses aside from BD-II, and (b) any significant medical or neu-
rological disorders.

We recruited 118 healthy controls aged between 20 and 65 years from the community. All controls underwent 
structural interviews using the SADS-L to confirm and screen for psychiatric conditions. The controls did not 
have major and minor mental illnesses (such as schizophrenia, affective disorder, anxiety disorder, substance 
use disorder, and personality disorder) and did not have a family history of psychiatric disorder among their 
first-degree relatives. They had no history of receiving blood transfusions or experiencing severe trauma within 
the past month.

Measures of symptomatology. Clinical severity was assessed using the Young Mania Rating Scale26 and 
the Hamilton Depression Rating Scale27,28, each of which was administered by research psychiatrists.

Small RNA library preparation. From the antecubital vein of each participant, 20 mL of whole blood was 
collected. Few studies have discussed miRNA profiling in BD-II. In this study, we first used samples from three 
randomly selected BD-II patients and three controls for next-generation sequencing to identify candidate miR-
NAs for BD-II. Briefly, 350-µL serum samples were prepared following the manufacturer’s protocol and using 
the NEBNext small RNA library prep kit (Cat#E7300, New England Biolabs, Ipswich, MA, USA). The detailed 
process for preparing serum samples was described in our previous study29. Afterwards, with the Illumina MiSeq 
platform, the small RNA libraries were sequenced (150 cycle, single read; MiSeq Reagent kit V3_150 cycles; 
Illumina, San Diego, CA, USA).

NAnalysis of small RNA sequencing data using bioinformatics. In this study, we explored the small 
RNA profiles in six libraries (three healthy controls and three patients with BP-II). After sequencing, the clean 
reads were obtained by removing low-quality reads and 3′ adaptor trimming. Then, clean reads were mapped 
back to human pre-miRNA (miRbase release 19) using Bowtie 2 tools. Mature miRNAs have many variants 
with different lengths, known as isomiR. Therefore, a mature miRNA may consist of numerous isomiRNAs. The 
expression levels of miRNAs were calculated with total read counts of all isomiRs. In addition, a mappable read 
must range from 18 to 25 nt. in length. Reads with short lengths were removed in our study.

Real-time quantitative reverse-transcription PCR (qRT–PCR). Total RNAs were isolated from 
250-µL serum of clinical samples and were subjected to quantitative detection of miRNA by using the cDNA 
TaqMan Advanced miRNA cDNA synthesis kit (Applied Biosystems, Inc., USA). Synthesized cDNA samples 
were then subjected to qRT–PCR by using the TaqManR Universal PCR Master Mix II and TaqMan Advanced 
miRNA assays according to manufacturer’s instructions (Applied Biosystems). Expression levels of miRNAs in 
serum were normalized with miR-16. The following IDs of miRNA were used: hsa-miR-7-5p (483061_mir), 
hsa-miR-142-3p (477910_mir), hsa-miR-370-3p (478326_mir), hsa-miR-23b-3p (483150_mir), hsa-miR-221-5p 
(478778_mir), and has-miR-16 (481312_mir).

Functional annotation of differential expressed miRNA candidates. Differentially expressed 
miRNA candidates (p < 0.05) were selected from NGS data, and their putative targets were identified by 
TargetScan. Then, these target genes were subjected to map onto the Kyoto Encyclopedia of Genes and Genomes 
pathways using the Database for Annotation, Visualization, and Integrated Discovery. A hypergeometric test was 
performed to identify significantly enriched pathways.
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Statistical analysis. Differences in demographic variables and expression levels of miRNA between BD-II 
patients and controls were analysed using t tests for continuous variables and chi-square tests for categorical vari-
ables. To assess the specificity and sensitivity of single miRNAs when differentiating BD-II from controls, we ana-
lysed receiver operating characteristic (ROC) curves and the area under the ROC curve (AUC). The cut-off values 
of optimal diagnostic points of the ROC curve were set at the largest Youden’s index (sensitivity and specificity-1). 
With expression of miRNA from this first cohort as a training set, a diagnostic model was built by support vector 
machine (SVM) using the selected miRNAs. Replication studies were then conducted on miRNA expression of 
the testing group to explore the sensitivity and specificity of the diagnostic model. The correlations between level 
of miRNA and clinical symptoms was calculated with Pearson’s correlation. We used SPSS v22.0 (Chicago, IL, 
USA) to perform all statistical analyses.

Results
Generation of microRNA profiles of BD-II and control groups. The study procedure is illustrated in 
Fig. 1(a,b). We analyzed data of 102 BD-II patients and 118 controls. We randomly selected three patients with 
BD-II and three controls for the identification of candidate miRNAs. The remaining patients were then divided 
into training (BD-II, n = 79; control, n = 95) and testing groups (BD-II, n = 20; control, n = 20). The clinical char-
acteristics of all recruited participants are listed in Table 1. All the patients were first diagnosed BD-II and never 
received treatment for bipolar disorder before. After recruitment and collecting blood samples, the patients were 
administered medication according to their clinical condition (71.8%, lorazepam; 52.7%, Risperdal; and 89.1%, 
valproate).

To identify putative circulating miRNAs as candidates of diagnostic biomarkers for BD-II, we first generated 
small RNA profiles of three BD-II patients and three controls by using next-generation sequencing (NGS). Both 
BD-II and control groups comprised two women and one man. The average age was 31.7 ± 5.6 and 38 ± 7.1 years 
old for the BD-II and control groups, respectively. The three BD-II patients were all drug naïve before entering 
the study. They were administered mood stabilisers (valproate) and fluoxetine after recruitment and collection 
of blood samples. We obtained more than 2.2 million clean reads in each sample and identified > 280 circulating 
miRNAs with > 5 coverage (Supplementary Table 1). The comparison of miRNA expression profiles between 
control and BD-II samples and filtering steps are as follows: (1) p < 0.05 (2) sums of TPM in BD-II and con-
trol ≥100. Five circulating miRNAs were significantly decreased in patients with BD-II compared with controls 
(p < 0.05), whereas 24 circulating miRNAs were significantly increased in the serum of BD-II patients compared 
with controls. We selected the five increased circulating miRNAs with the highest significance from these 24 
miRNAs: miR-7-5p, miR-23b-3p, miR-142-3p, miR-221-5p, and miR-370-3p. In addition, we selected one signif-
icantly reduced circulating miRNA, miR-145-5p, for examination in the additional cohort. The expression levels 
of these six selected candidate miRNAs in the initial three BD-II patients and controls are displayed in Fig. 2. 
Because we intended to build a diagnostic model using an SVM, we required a training set to build this model 
and a testing (validation) set to validate it. Data in the test set were independent from the training set. The samples 
from the training cohort that included 95 controls and 79 patients with BD-II then underwent real-time PCR. As 
illustrated in Fig. 3, the expression levels of miR-7-3p, miR-23b-3p, miR-142-3p, miR-221-5p, and miR-370-3p 

(a) (b)

Figure 1. (a) Flowchart to identify differentially expressed miRNA candidates through next-generation 
sequencing (b) Flowchart to evaluate the potential of miRNA candidates for diagnostic biomarker.
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increased more in BD-II patients than in controls, whereas the expression of miR-145-5p exhibited no significant 
difference.

Evaluate circulating miRNAs as a diagnostic marker for BD-II. In the previous differential expres-
sion analysis, miR-7-5p, miR-23b-3p, miR-142-3p, miR-221-5p, and miR-370-3p expression levels were signifi-
cantly different between the BD-II and control groups. Therefore, the diagnostic value of using the five circulating 
miRNAs as potential noninvasive biomarkers for BD-II was assessed and evaluated. We performed ROC curve 

BD-II
Healthy 
controls Χ2 or t P value

n 102 118

Age (mean, SD) 35.5 ± 11.6 31.0 ± 8.4 3.3 <0.001

Gender (M/F) 38/64 61/57 4.6 0.03

Onset age (years old) 14.5 ± 3.8 N/A

HAMD 14.2 ± 3.4 N/A

YMRS 13.1 ± 2.4 N/A

miR-7-5p (delta Ct) −17.5 ± 5.3 −22.6 ± 5.8 6.6 <0.001

miR-23b-3p (delta Ct) −12.3 ± 2.6 −13.3 ± 3.0 2.5 0.013

miR-142-3p (delta Ct) −3.4 ± 0.8 −5.1 ± 1.4 11.2 <0.001

miR-145-5p (delta Ct) −3.9 ± 1.4 −4.1 ± 1.7 1.1 0.28

miR-221-5p (delta Ct) −9.4 ± 0.8 −10.8 ± 1.8 7.6 <0.001

miR-370-3p (delta Ct) −17.6 ± 8.1 −24.2 ± 6.2 6.6 <0.001

Table 1. Clinicodemographic characteristics of patients with bipolar II disorder (BD-II) and healthy controls. 
HAMD: Hamilton depression rating scale. YMRS: Young manic rating scale. N/A: not available. SD: standard 
deviation. We used t-test for continuous variables and chi-square test for categorical variables.
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Figure 2. (A–F) The expression levels of circulating miRNAs in BD-II samples (n = 3) compared with controls 
(n = 3). (A) miR-7-5p (B) miR-23b-3p (C) miR-142-3p (D) miR-221-5p (E) miR-370-3p (F) miR-145-5p.
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analysis to determine whether miR-7-5p, miR-23b-3p, miR-142-3p, miR-221-5p, and miR-370-3p could distin-
guish between BD-II and control groups. As displayed in Fig. 4, the AUC for miR-7-5p was 0.728 (p < 0.001), for 
miR-23b-3p was 0.620 (p = 0.006), for miR-142-3p was 0.896 (p < 0.001), for miR-221-5p was 0.824 (p < 0.001), 
and for miR-370-3p was 0.703 (p < 0.001). The AUC for miR-145-5p remained nonsignificant (p = 0.529). By set-
ting a more stringent p < 0.05/29 = 0.002 to avoid multiple comparisons, we selected only miR-7-5p, miR-142-3p, 
miR-221-5p, and miR-370-3p and proposed that these miRNAs may distinguish between individuals with BD-II 
and healthy controls. We assessed whether the combination of these four miRNA expression data would improve 
diagnostic power through ROC analysis of probability values using a SVM. We used the expression levels of miR-
7-5p, miR-142-3p, miR-221-5p, and miR-370-3p in 79 patients with BD-II and 99 healthy controls as a training 
cohort to build a diagnostic model using a SVM. The AUC was 0.907 (Fig. 5). Using an independent testing 
cohort (20 controls and 20 patients with BD-II), we evaluated the accuracy of the proposed miRNA panels. The 
results revealed a satisfactory outcome in the ability to differentiate patients with BD-II from controls (specific-
ity = 90%, sensitivity = 85%).

We analysed the correlation between level of miRNA and clinical symptoms (Table 2). We noted that miR-
23b-3p substantially correlated with the Young Mania Rating Scale score. However, when we corrected for multi-
ple comparison, the correlation became nonsignificant.

The data supporting the findings of this study are available from the corresponding author upon reasonable 
request.

Discussion
Several miRNAs that we identified were able to significantly differentiate patients with BD-II from controls. Our 
findings on using these candidate miRNAs for BD-II detection are preliminary, and the mechanisms of how these 
small RNA molecules may affect the pathogenesis of BD-II requires investigation. However, because these miR-
NAs may play a key role through regulating genes, they have great potential to be useful tools for the diagnosis 
of BD-II.

We discovered that the upregulation of miR-7-5p may enable discrimination of patients with BD-II from 
controls. Critically, miR-7 may inhibit the repair of peripheral nerve injury by modulating the migration and 
proliferation of neural stem cells30; additionally, miR-7 was also detected with increased abundance in the neo-
cortex of superior temporal lobes affected by Alzheimer disease31. A recent study involving the rat model of 
herbicide-induced Parkinson disease discovered different expressions of miR-7 in the brain and peripheral 
blood32. The study found upregulation of miR-7 in the brain but downregulation of miR-7 in peripheral blood. 
The study also revealed that miR-7 regulates the expression of brain-derived neurotrophic factor (BDNF), and 
its concentration influences the pathophysiology of bipolar disorders through an autoregulatory mechanism. 
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Figure 3. (A–F) Expression levels of circulating miRNAs in serum in BD-II and healthy controls (Training set). 
(A) miR-7-5p (B) miR-23b-3p (C) miR-142-3p (D) miR-221-5p (E) miR-370-3p (F) miR-145-5p. (Differences 
in the expression levels of miRNAs between patients and controls were compared using the t-test).
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145-5p. (The optimal diagnostic point was assessed at cutoff values with largest Youden’s index (sensitivity and 
specificity − 1)).
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Figure 5. Diagnostic model of BD-II using support vector machine (SVM) (using expression of miRNA miR-
7-5p + miR-142-3p + miR-221-5p + miR-370-3p from this first cohort as a training set).
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We propose that the link between miR-7 and BD-II may be related to neurodegeneration and BDNF. However, 
differences in miR-7 expression in central and peripheral systems require further study.

We also found significant upregulation of the serum level of miR-142-3p in patients with BD-II compared 
with that in controls. Although its relation with BD-II remains unclear, miR-142-3p was first introduced as a 
hematopoietic-specific miRNA in a mice study. Studies have reported that miR-142-3p may modulate hemato-
poietic development, including neutrophil development and maturation33. In addition, in patients with chronic 
rhinosinusitis, miR-142-3p may participate in regulation of the body’s inflammatory response (TNF-α expres-
sion) through lipopolysaccharide stimulation in human nasal epithelial cells34. Because miR-142-3p regulates 
neuroinflammation through IL-1β-dependent synaptopathy35, it may relate to the pathogenesis of other neurode-
generative disorders, such as BD-II. An animal study reported that miR-142-3p may modulate the BMAL1 gene 
and regulate circadian functions36. Although no direct association was found, peripheral (serum) miR-142-3p 
was revealed to decrease in patients with attention deficit and hyperactivity disorder with a family history of psy-
chiatric diseases37. However, its specificity for BD-II requires further study with other mental disorders.

Compared with controls, miR-221-5p was noted to be considerably more upregulated in patients with BD-II. 
In a recent study, miR-221 was identified to be a potential diagnostic biomarker for atherosclerosis38. Although 
its association with other risk factors for atherosclerosis, such as metabolic syndrome, inflammation, and other 
mental disorders, remains unclear, our study results supported its association with the pathophysiology of brain 
diseases.

However, although we discovered that upregulation of miR-370 may discriminate patients with BD-II from 
controls, no study has reported an association between peripheral miR-370 and mental disorders. Only one pre-
vious animal study for depression reported downregulation of miR-370 in brain tissue39. The role of miR-370 in 
BD requires study.

Similarly, although downregulation of plasma miR-23b was reported to be a potential diagnostic and prog-
nostic biomarker in colorectal cancer40, the association between miR-23 and mental disorders remains unknown. 
Recently, miR-23b was noted to be downregulated during encephalomyelitis and may have an anti-inflammatory 
role in central nervous system inflammation41. We noted an inverse correlation between manic symptoms and 
level of serum miR-23b. Additionally, miR-23b was reported to be downregulated in patients with intracerebral 
haemorrhages42, and an animal study indicated that overexpression of miR-23b in the brain may alleviate neuro-
logical functional deficits in rats, possibly due to its anti-inflammatory effects, by modulating neuroinflammation 
and neuronal protection43. Because inflammation may be an etiology for manic symptom, whether miR-23b may 
be a state marker for manic symptoms merits investigation.

Pathway enrichment analysis revealed that the putative biological function of miRNA candidates that we 
identified were involved in some neuron degeneration-relative signalling, including GABAergic synapse signal-
ling, glutamatergic synapse signalling, morphine addiction signalling, transformation growth factor (TGF)-beta 
signalling, Hippo signalling pathways, and FoxO signalling pathways. The identified pathways are related to the 
nervous system (GABAergic and glutamatergic synapses) and signal transduction (TGF-beta, Hippo, and FoxO 
signalling), which are all associated with the pathophysiology of affective disorders44,45.

The pathway associated with substance dependence (morphine addiction signalling) has never been related 
to BD; however, because BD is a common comorbid condition with substance use disorder, common genetic 
underpinnings may be present. Our findings did not replicate the signalling pathways for BD-II identified by Kao 
et al.46, probably because of the different approaches implemented. We used candidate miRNAs, whereas Kao et 
al. used single nucleotide polymorphisms identified from genome-wide association scans. Because the pathways 
associated with BD-II are rarely studied and reported, further study is needed to confirm our results.

The major finding of the current study is the construction of a diagnostic model of BD-II through a combi-
nation of miRNAs. The model has a diagnostic power of 0.907 and can differentiate patients with BD-II from 
controls with satisfactory sensitivity and specificity. Misdiagnosis or delayed diagnosis of BD-II leads to ineffi-
cacious treatment, which may increase the risk of rapid cycling and suicide in patients with BD-II5,7,47, adding to 
the burden this disorder places on both patients and society. Biomarkers for BD-II are strongly needed for timely 
diagnosis and subsequent treatment. Our proposed diagnostic model involving peripheral miRNAs may be an 
inexpensive, noninvasive, and easily used clinically applicable diagnostic tool for BD-II. However, replication 
studies using independent study groups or even frequently misdiagnosed mood disorders (such as major depres-
sive disorder and BD-I) are warranted to validate our findings.

HAMD YMRS

r p r p

miR-7-5p 0.13 0.21 0.06 0.59

miR-23b-3p 0.14 0.16 −0.28 0.006**

miR-142-3p −0.12 0.26 −0.08 0.43

miR-145-5p −0.14 0.18 −0.04 0.67

miR-221-5p −0.05 0.61 0.05 0.63

miR-370-3p 0.08 0.44 0.05 0.60

Table 2. Correlation between level of miRNA and clinical symptoms in all patients with BD-II. HAMD: 
Hamilton depression rating scale. YMRS: Young manic rating scale. r: Pearson’s correlation coefficient. 
Correlation between level of miRNA and clinical symptoms was calculated by Pearson’s correlation.
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Our study has some limitations. First, we sampled serum miRNAs instead of peripheral blood monocytes or 
central nervous system samples. Our study results should, therefore, be interpreted with caution when applied to 
other types of samples. Plasma may be the sample of choice when studying circulating miRNA because RNA may 
be released from blood cells into the serum during coagulation and affect the true status of circulating miRNA48. 
However, miRNAs identified in serum mostly are from exosomes49, which are promising biomarkers of psychiat-
ric disorders50. Because some samples collected were stored as serum from a previous study51, we chose to analyse 
serum samples. Higher miRNA concentrations may be reported in serum samples than in corresponding plasma 
samples48. Future studies with plasma samples may be necessary to confirm our findings. In addition, although 
we controlled carefully for other mental disorders, we did not control for common physical comorbidities, such as 
diabetes, hypertension, and metabolic diseases, which can confound the correlation between miRNA and BD-II. 
Furthermore, we did not include mood disorders frequently misdiagnosed as BD-II, such as major depressive 
disorder and BD-I, as comparative groups. Third, our study sample was moderately small, particularly the test-
ing group. Future studies should include a larger sample size and all subtypes of mood disorders. Expression of 
miRNA may relate to age52; however, the temporal window of selected patients and controls was broad. Therefore, 
our study results should be interpreted with caution. To identify candidate miRNAs that may differentiate patients 
with BD-II from controls, subjecting the entire sample to NGS analysis would have been ideal. However, our 
funding was not enough to afford this. Therefore, our results require further replication. In addition, analysing 
all significant identified miRNAs in the larger cohort would have been ideal. However, to narrow down potential 
candidates given the time and budget, we only picked approximately the top 20% (the six most likely candidates) 
for further analysis. With more funding, we could have analysed all the miRNAs identified. Finally, the current 
cross-sectional design may have precluded evaluation of the role of candidate miRNAs in disease progression and 
the treatment of BD-II. A longitudinal study may help clarify the pathomechanisms of candidate miRNAs with 
BD-II and whether they may be used as treatment targets.

Conclusion
The present study identified miRNAs—miR-7-5p, miR-142-3p, miR-221-5p, and miR-370-3p—that may be asso-
ciated with BD-II and built a diagnostic model using these potential peripheral biomarkers. We may have devel-
oped a novel noninvasive miRNA panel that could act as a possible biomarker for the diagnosis of BD-II. Our 
proposed diagnostic tool may facilitate early diagnosis of BD-II and timely pharmacological intervention, thus 
decreasing the burden it places on both patients and society.

Received: 31 July 2019; Accepted: 13 January 2020;
Published: xx xx xxxx

References
 1. Angst, J. et al. Toward a re-definition of subthreshold bipolarity: epidemiology and proposed criteria for bipolar-II, minor bipolar 

disorders and hypomania. Journal of affective disorders 73, 133–146, https://doi.org/10.1016/s0165-0327(02)00322-1 (2003).
 2. Benazzi, F. & Akiskal, H. S. Refining the evaluation of bipolar II: beyond the strict SCID-CV guidelines for hypomania. Journal of 

affective disorders 73, 33–38, S0165032702003270 (2003).
 3. Akiskal, H. S. & Pinto, O. The evolving bipolar spectrum. Prototypes I, II, III, and IV. The Psychiatric clinics of North America 22, 

517–534, vii, https://doi.org/10.1016/s0193-953x(05)70093-9 (1999).
 4. Angst, J. The bipolar spectrum. The British journal of psychiatry: the journal of mental science 190, 189–191, https://doi.org/10.1192/

bjp.bp.106.030957 (2007).
 5. Ghaemi, S. N., Boiman, E. & Goodwin, F. K. Insight and outcome in bipolar, unipolar, and anxiety disorders. Comprehensive 

psychiatry 41, 167–171, https://doi.org/10.1016/S0010-440X(00)90043-9 (2000).
 6. Ghaemi, S. N., Soldani, F. & Hsu, D. J. Evidence-based pharmacotherapy of bipolar disorder. The international journal of 

neuropsychopharmacology/official scientific journal of the Collegium Internationale Neuropsychopharmacologicum 6, 303–308, https://
doi.org/10.1017/S1461145703003626 (2003).

 7. MacQueen, G. M. & Young, L. T. Bipolar II disorder: symptoms, course, and response to treatment. Psychiatr Serv 52, 358–361, 
https://doi.org/10.1176/appi.ps.52.3.358 (2001).

 8. Cheng, L. C., Pastrana, E., Tavazoie, M. & Doetsch, F. miR-124 regulates adult neurogenesis in the subventricular zone stem cell 
niche. Nature neuroscience 12, 399–408, https://doi.org/10.1038/nn.2294 (2009).

 9. Liu, C. et al. Epigenetic regulation of miR-184 by MBD1 governs neural stem cell proliferation and differentiation. Cell stem cell 6, 
433–444, https://doi.org/10.1016/j.stem.2010.02.017 (2010).

 10. Tan, L. et al. Circulating miR-125b as a biomarker of Alzheimer’s disease. Journal of the neurological sciences 336, 52–56, https://doi.
org/10.1016/j.jns.2013.10.002 (2014).

 11. Fan, H. M. et al. Differential expression of microRNA in peripheral blood mononuclear cells as specific biomarker for major 
depressive disorder patients. Journal of psychiatric research 59, 45–52, https://doi.org/10.1016/j.jpsychires.2014.08.007 (2014).

 12. Song, H. T. et al. A preliminary analysis of association between the down-regulation of microRNA-181b expression and 
symptomatology improvement in schizophrenia patients before and after antipsychotic treatment. Journal of psychiatric research 54, 
134–140, https://doi.org/10.1016/j.jpsychires.2014.03.008 (2014).

 13. Bocchio-Chiavetto, L. et al. Blood microRNA changes in depressed patients during antidepressant treatment. European 
neuropsychopharmacology: the journal of the European College of Neuropsychopharmacology 23, 602–611, https://doi.org/10.1016/j.
euroneuro.2012.06.013 (2013).

 14. Ha, T. Y. The Role of MicroRNAs in Regulatory T Cells and in the Immune Response. Immune network 11, 11–41, https://doi.
org/10.4110/in.2011.11.1.11 (2011).

 15. Moreau, M. P., Bruse, S. E., David-Rus, R., Buyske, S. & Brzustowicz, L. M. Altered microRNA expression profiles in postmortem 
brain samples from individuals with schizophrenia and bipolar disorder. Biological psychiatry 69, 188–193, https://doi.org/10.1016/j.
biopsych.2010.09.039 (2011).

 16. Wang, Z. et al. MiRNA-206 and BDNF genes interacted in bipolar I disorder. Journal of affective disorders 162, 116–119, https://doi.
org/10.1016/j.jad.2014.03.047 (2014).

 17. Yuan, H., Mischoulon, D., Fava, M. & Otto, M. W. Circulating microRNAs as biomarkers for depression: Many candidates, few 
finalists. Journal of affective disorders 233, 68–78, https://doi.org/10.1016/j.jad.2017.06.058 (2018).

https://doi.org/10.1038/s41598-020-58195-0
https://doi.org/10.1016/s0165-0327(02)00322-1
https://doi.org/10.1016/s0193-953x(05)70093-9
https://doi.org/10.1192/bjp.bp.106.030957
https://doi.org/10.1192/bjp.bp.106.030957
https://doi.org/10.1016/S0010-440X(00)90043-9
https://doi.org/10.1017/S1461145703003626
https://doi.org/10.1017/S1461145703003626
https://doi.org/10.1176/appi.ps.52.3.358
https://doi.org/10.1038/nn.2294
https://doi.org/10.1016/j.stem.2010.02.017
https://doi.org/10.1016/j.jns.2013.10.002
https://doi.org/10.1016/j.jns.2013.10.002
https://doi.org/10.1016/j.jpsychires.2014.08.007
https://doi.org/10.1016/j.jpsychires.2014.03.008
https://doi.org/10.1016/j.euroneuro.2012.06.013
https://doi.org/10.1016/j.euroneuro.2012.06.013
https://doi.org/10.4110/in.2011.11.1.11
https://doi.org/10.4110/in.2011.11.1.11
https://doi.org/10.1016/j.biopsych.2010.09.039
https://doi.org/10.1016/j.biopsych.2010.09.039
https://doi.org/10.1016/j.jad.2014.03.047
https://doi.org/10.1016/j.jad.2014.03.047
https://doi.org/10.1016/j.jad.2017.06.058


9Scientific RepoRtS |         (2020) 10:1131  | https://doi.org/10.1038/s41598-020-58195-0

www.nature.com/scientificreportswww.nature.com/scientificreports/

 18. Menezes, I. C., von Werne Baes, C., Lacchini, R. & Juruena, M. F. Genetic biomarkers for differential diagnosis of major depressive 
disorder and bipolar disorder: A systematic and critical review. Behav Brain Res 357-358, 29–38, https://doi.org/10.1016/j.
bbr.2018.01.008 (2019).

 19. Endicott, J. & Spitzer, R. L. A diagnostic interview: the schedule for affective disorders and schizophrenia. Archives of general 
psychiatry 35, 837–844, https://doi.org/10.1001/archpsyc.1978.01770310043002 (1978).

 20. Akiskal, H. S., Djenderedjian, A. M., Rosenthal, R. H. & Khani, M. K. Cyclothymic disorder: validating criteria for inclusion in the 
bipolar affective group. Am J Psychiatry 134, 1227–1233, https://doi.org/10.1176/ajp.134.11.1227 (1977).

 21. Akiskal, H. S. et al. Differentiation of primary affective illness from situational, symptomatic, and secondary depressions. Archives 
of general psychiatry 36, 635–643, https://doi.org/10.1001/archpsyc.1979.01780060025002 (1979).

 22. Angst, J. The emerging epidemiology of hypomania and bipolar II disorder. Journal of affective disorders 50, 143–151, https://doi.
org/10.1016/s0165-0327(98)00142-6 (1998).

 23. Angst, J., Gamma, A., Sellaro, R., Lavori, P. W. & Zhang, H. Recurrence of bipolar disorders and major depression. A life-long 
perspective. Eur Arch Psychiatry Clin Neurosci 253, 236–240, https://doi.org/10.1007/s00406-003-0437-2 (2003).

 24. Benazzi, F. Is 4 days the minimum duration of hypomania in bipolar II disorder? Eur Arch Psychiatry Clin Neurosci 251, 32–34, 
https://doi.org/10.1007/s004060170065 (2001).

 25. Judd, L. L. et al. The comparative clinical phenotype and long term longitudinal episode course of bipolar I and II: a clinical spectrum 
or distinct disorders? Journal of affective disorders 73, 19–32, S0165032702003245 (2003).

 26. Young, R. C., Biggs, J. T., Ziegler, V. E. & Meyer, D. A. A rating scale for mania: reliability, validity and sensitivity. Br J Psychiatry 133, 
429–435, https://doi.org/10.1192/bjp.133.5.429 (1978).

 27. Hamilton, M. A rating scale for depression. J Neurol Neurosurg Psychiatry 23, 56–62, https://doi.org/10.1136/jnnp.23.1.56 (1960).
 28. Hamilton, M. Development of a rating scale for primary depressive illness. Br J Soc Clin Psychol 6, 278–296, https://doi.

org/10.1111/j.2044-8260.1967.tb00530.x (1967).
 29. Tseng, H. W., Li, S. C. & Tsai, K. W. Metformin Treatment Suppresses Melanoma Cell Growth and Motility Through Modulation of 

microRNA Expression. Cancers (Basel) 11, https://doi.org/10.3390/cancers11020209 (2019).
 30. Zhou, N. et al. MiR-7 inhibited peripheral nerve injury repair by affecting neural stem cells migration and proliferation through 

cdc42. Mol Pain 14, 1744806918766793, https://doi.org/10.1177/1744806918766793 (2018).
 31. Pogue, A. I. & Lukiw, W. J. Up-regulated Pro-inflammatory MicroRNAs (miRNAs) in Alzheimer’s disease (AD) and Age-Related 

Macular Degeneration (AMD). Cell Mol Neurobiol 38, 1021–1031, https://doi.org/10.1007/s10571-017-0572-3 (2018).
 32. Li, B., Jiang, Y., Xu, Y., Li, Y. & Li, B. Identification of miRNA-7 as a regulator of brain-derived neurotrophic factor/alpha-synuclein 

axis in atrazine-induced Parkinson’s disease by peripheral blood and brain microRNA profiling. Chemosphere 233, 542–548, https://
doi.org/10.1016/j.chemosphere.2019.05.064 (2019).

 33. Lu, X. et al. miR-142-3p regulates the formation and differentiation of hematopoietic stem cells in vertebrates. Cell Res 23, 
1356–1368, https://doi.org/10.1038/cr.2013.145 (2013).

 34. Qing, X. et al. Mir-142-3p Regulates Inflammatory Response by Contributing to Increased TNF-alpha in Chronic Rhinosinusitis 
With Nasal Polyposis. Ear Nose Throat J, 145561319847972, https://doi.org/10.1177/0145561319847972 (2019).

 35. Mandolesi, G. et al. miR-142-3p Is a Key Regulator of IL-1beta-Dependent Synaptopathy in Neuroinflammation. J Neurosci 37, 
546–561, https://doi.org/10.1523/JNEUROSCI.0851-16.2016 (2017).

 36. Shende, V. R., Neuendorff, N. & Earnest, D. J. Role of miR-142-3p in the post-transcriptional regulation of the clock gene Bmal1 in 
the mouse SCN. PLoS One 8, e65300, https://doi.org/10.1371/journal.pone.0065300 (2013).

 37. Karadag, M. et al. Chronotypical characteristics and related miR-142-3p levels of children with attention deficit and hyperactivity 
disorder. Psychiatry Res 273, 235–239, https://doi.org/10.1016/j.psychres.2018.12.175 (2019).

 38. Yilmaz, S. G., Isbir, S., Kunt, A. T. & Isbir, T. Circulating microRNAs as Novel Biomarkers for Atherosclerosis. In Vivo 32, 561–565, 
https://doi.org/10.21873/invivo.11276 (2018).

 39. Zhou, M. et al. Abnormal Expression of MicroRNAs Induced by Chronic Unpredictable Mild Stress in Rat Hippocampal Tissues. 
Mol Neurobiol 55, 917–935, https://doi.org/10.1007/s12035-016-0365-6 (2018).

 40. Kou, C. H., Zhou, T., Han, X. L., Zhuang, H. J. & Qian, H. X. Downregulation of mir-23b in plasma is associated with poor prognosis 
in patients with colorectal cancer. Oncol Lett 12, 4838–4844, https://doi.org/10.3892/ol.2016.5265 (2016).

 41. Zhang, Y. et al. miR-23b Suppresses Leukocyte Migration and Pathogenesis of Experimental Autoimmune Encephalomyelitis by 
Targeting CCL7. Mol Ther 26, 582–592, https://doi.org/10.1016/j.ymthe.2017.11.013 (2018).

 42. Zhu, Y., Wang, J. L., He, Z. Y., Jin, F. & Tang, L. Association of Altered Serum MicroRNAs with Perihematomal Edema after Acute 
Intracerebral Hemorrhage. PLoS One 10, e0133783, https://doi.org/10.1371/journal.pone.0133783 (2015).

 43. Hu, L. et al. MicroRNA-23b alleviates neuroinflammation and brain injury in intracerebral hemorrhage by targeting inositol 
polyphosphate multikinase. Int Immunopharmacol 76, 105887, https://doi.org/10.1016/j.intimp.2019.105887 (2019).

 44. Gawryluk, J. W. & Young, L. T. Signal transduction pathways in the pathophysiology of bipolar disorder. Curr Top Behav Neurosci 5, 
139–165, https://doi.org/10.1007/7854_2010_71 (2011).

 45. Lener, M. S. et al. Glutamate and Gamma-Aminobutyric Acid Systems in the Pathophysiology of Major Depression and 
Antidepressant Response to Ketamine. Biol Psychiatry 81, 886–897, https://doi.org/10.1016/j.biopsych.2016.05.005 (2017).

 46. Kao, C. F. et al. Identification of Susceptible Loci and Enriched Pathways for Bipolar II Disorder Using Genome-Wide Association 
Studies. Int J Neuropsychopharmacol 19, https://doi.org/10.1093/ijnp/pyw064 (2016).

 47. Rihmer, Z. & Pestality, P. Bipolar II disorder and suicidal behavior. The Psychiatric clinics of North America 22, 667–673, ix-x (1999).
 48. Wang, K. et al. Comparing the MicroRNA spectrum between serum and plasma. PLoS One 7, e41561, https://doi.org/10.1371/

journal.pone.0041561 (2012).
 49. Gallo, A., Tandon, M., Alevizos, I. & Illei, G. G. The majority of microRNAs detectable in serum and saliva is concentrated in 

exosomes. PLoS One 7, e30679, https://doi.org/10.1371/journal.pone.0030679 (2012).
 50. Gruzdev, S. K., Yakovlev, A. A., Druzhkova, T. A., Guekht, A. B. & Gulyaeva, N. V. The Missing Link: How Exosomes and miRNAs 

can Help in Bridging Psychiatry and Molecular Biology in the Context of Depression, Bipolar Disorder and Schizophrenia. Cell Mol 
Neurobiol 39, 729–750, https://doi.org/10.1007/s10571-019-00684-6 (2019).

 51. Lee, S. Y. et al. Serum DHEA-S concentration correlates with clinical symptoms and neurocognitive function in patients with bipolar 
II disorder: A case-controlled study. Prog Neuropsychopharmacol Biol Psychiatry 74, 31–35, https://doi.org/10.1016/j.
pnpbp.2016.11.006 (2017).

 52. Smith-Vikos, T. & Slack, F. J. MicroRNAs and their roles in aging. J Cell Sci 125, 7–17, https://doi.org/10.1242/jcs.099200 (2012).

Acknowledgements
We thank Ms. Chien-Yu Tseng for her assistance in preparing this manuscript. This manuscript was edited by 
Wallace Academic Editing. This work was supported in part by the following: MOST 103-2622-B-006-006-CC2 
(to RBL), MOST 104-2622-B-006-006-CC2 (to RBL), and MOST 103-2314-B-075B-006 (to SYL), MOST 
108-2314-B-075B-003 (to SYL) from the Taiwan Ministry of Science and Technology; VGHKS104-098 (to 
SYL), VGHKS105-122 (to SYL), VGHKS106-134 (to SYL), VGHKS107-153 (to SYL), and VGHKS108-150 (to 
SYL) from Kaohsiung Veterans General Hospital, Taiwan; a grant DOH95-TD-M-113-055 (to RBL) from the 

https://doi.org/10.1038/s41598-020-58195-0
https://doi.org/10.1016/j.bbr.2018.01.008
https://doi.org/10.1016/j.bbr.2018.01.008
https://doi.org/10.1001/archpsyc.1978.01770310043002
https://doi.org/10.1176/ajp.134.11.1227
https://doi.org/10.1001/archpsyc.1979.01780060025002
https://doi.org/10.1016/s0165-0327(98)00142-6
https://doi.org/10.1016/s0165-0327(98)00142-6
https://doi.org/10.1007/s00406-003-0437-2
https://doi.org/10.1007/s004060170065
https://doi.org/10.1192/bjp.133.5.429
https://doi.org/10.1136/jnnp.23.1.56
https://doi.org/10.1111/j.2044-8260.1967.tb00530.x
https://doi.org/10.1111/j.2044-8260.1967.tb00530.x
https://doi.org/10.3390/cancers11020209
https://doi.org/10.1177/1744806918766793
https://doi.org/10.1007/s10571-017-0572-3
https://doi.org/10.1016/j.chemosphere.2019.05.064
https://doi.org/10.1016/j.chemosphere.2019.05.064
https://doi.org/10.1038/cr.2013.145
https://doi.org/10.1177/0145561319847972
https://doi.org/10.1523/JNEUROSCI.0851-16.2016
https://doi.org/10.1371/journal.pone.0065300
https://doi.org/10.1016/j.psychres.2018.12.175
https://doi.org/10.21873/invivo.11276
https://doi.org/10.1007/s12035-016-0365-6
https://doi.org/10.3892/ol.2016.5265
https://doi.org/10.1016/j.ymthe.2017.11.013
https://doi.org/10.1371/journal.pone.0133783
https://doi.org/10.1016/j.intimp.2019.105887
https://doi.org/10.1007/7854_2010_71
https://doi.org/10.1016/j.biopsych.2016.05.005
https://doi.org/10.1093/ijnp/pyw064
https://doi.org/10.1371/journal.pone.0041561
https://doi.org/10.1371/journal.pone.0041561
https://doi.org/10.1371/journal.pone.0030679
https://doi.org/10.1007/s10571-019-00684-6
https://doi.org/10.1016/j.pnpbp.2016.11.006
https://doi.org/10.1016/j.pnpbp.2016.11.006
https://doi.org/10.1242/jcs.099200


1 0Scientific RepoRtS |         (2020) 10:1131  | https://doi.org/10.1038/s41598-020-58195-0

www.nature.com/scientificreportswww.nature.com/scientificreports/

Taiwan Department of Health; a grant NHRI-EX-97-9738NI (to RBL) from the Taiwan National Health Research 
Institute; and a grant from the National Cheng Kung University Project for Promoting Academic Excellence and 
Developing World Class Research Centers.

Author contributions
S.Y.L. wrote the first draft. S.Y.L., L.J.W. and K.W.T. managed the lab work and statistical analysis. S.Y.L., R.B.L., 
T.L., C.H.C., and T.Y.W. managed participant recruitment. R.B.L. and K.W.T. supervised this work and edited the 
manuscript. All authors reviewed and approved the final version of the manuscript.

competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-58195-0.
Correspondence and requests for materials should be addressed to K.-W.T.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-58195-0
https://doi.org/10.1038/s41598-020-58195-0
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Serum miRNA as a possible biomarker in the diagnosis of bipolar II disorder
	Methods
	Patients and procedures. 
	Measures of symptomatology. 
	Small RNA library preparation. 
	NAnalysis of small RNA sequencing data using bioinformatics. 
	Real-time quantitative reverse-transcription PCR (qRT–PCR). 
	Functional annotation of differential expressed miRNA candidates. 
	Statistical analysis. 

	Results
	Generation of microRNA profiles of BD-II and control groups. 
	Evaluate circulating miRNAs as a diagnostic marker for BD-II. 

	Discussion
	Conclusion
	Acknowledgements
	Figure 1 (a) Flowchart to identify differentially expressed miRNA candidates through next-generation sequencing (b) Flowchart to evaluate the potential of miRNA candidates for diagnostic biomarker.
	Figure 2 (A–F) The expression levels of circulating miRNAs in BD-II samples (n = 3) compared with controls (n = 3).
	Figure 3 (A–F) Expression levels of circulating miRNAs in serum in BD-II and healthy controls (Training set).
	Figure 4 (A–F) Diagnostic power of the six miRNA candidates using receiver-operating characteristic (ROC) curve analysis.
	Figure 5 Diagnostic model of BD-II using support vector machine (SVM) (using expression of miRNA miR-7-5p + miR-142-3p + miR-221-5p + miR-370-3p from this first cohort as a training set).
	Table 1 Clinicodemographic characteristics of patients with bipolar II disorder (BD-II) and healthy controls.
	Table 2 Correlation between level of miRNA and clinical symptoms in all patients with BD-II.




