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Background: Patients suffering from major depressive disorder (MDD) commonly demon-

strate lower performance across multiple cognitive domains. Cognitive impairment is an

intrinsic characteristic of MDD status and is often influenced by genetic factors. microRNAs

(miRNAs or miRs) have been shown to have important implications in the etiology of MDD.

Therefore, we aimed to identify and analyze the impact of expression and genetic variation of

miR-34b/c on cognitive dysfunction in MDD.

Methods: First, we analyzed miR-34c-5p expression in 48 cases of MDD and 54 healthy

controls in a Chinese population using qRT-PCR. We assessed the relationship between the

level of miR-34c-5p expression and cognitive performance by Repeatable Battery for the

Assessment of Neuropsychological Status (RBANS) and the Trail Making Test (TMT).

Second, in order to characterize allelic effects of miR-34b/c on cognitive performance in

MDD patients, we performed genetic association analysis of single-nucleotide polymorphism

(SNP) loci of the MIR34B/C genes with cognitive function in a second group consisting of

531 MDD patients and 267 healthy controls.

Results: We found a significant negative correlation between the level of miR-34c-5p

expression and both the language and delayed memory index scores in patients with

MDD. We also found a significant positive correlation between the level of miR-34c-5p

expression and the time required to complete tests A and B of the TMT. The interaction

between the rs2187473 genotype and the disease was significant for both immediate memory

and delayed memory. In the patient group, the rs2187473 CC genotype was significantly

associated with higher performance on immediate memory (F = 6.683, p < 0.05) and delayed

memory tasks (F = 4.221, p < 0.05).

Conclusion: Our findings suggest that changes in miR-34c expression level have important

impacts on cognitive function in patients with MDD. In particular, the polymorphism

rs2187473 is a potential genetic risk factor for cognitive function in MDD, which may be

of clinical use.

Keywords: major depressive disorder, MDD, microRNA-34c, single-nucleotide

polymorphism, cognitive function

Introduction
Major depressive disorder (MDD) is a prevalent psychiatric disorder that is among the

most debilitating diseases in the world.1,2 MDD commonly leads to significant increases

to the probability of morbidity and suicide-associated mortality.3,4 Psychiatrically, MDD

primarily involves mood disturbances and cognitive impairment.5–9 Studies have shown

that lower performance in many cognitive domains, such as attention, executive
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functioning, memory, and processing speed, is closely corre-

lated to MDD status.10–12 In addition, some persistent neuro-

cognitive deficits may impact the ability of individuals with

MDD to recover and have been suggested as a predictive factor

for poor treatment response and future recurrence.13,14

Cognitive deficits were found to be one of the most significant

clinical symptoms ofMDD, leading to increased disability and

mortality as well as a shortened life expectancy.15–18

Moreover, cognitive impairment is thought to be an intrinsic

characteristic of MDD that may take precedence over depres-

sive symptoms.19–22 Despite such extensive studies, the patho-

logical mechanisms of cognitive deficits in MDD remain

uncertain.

Genetic factors play an important role in the development

of MDD and associated cognitive deficits. microRNAs

(miRs), which comprise a class of small non-coding RNAs

(19–22 nt in length), have gained increasing attention for

their epigenetic role in modulating neuronal physiology and

pathology.23,24 Emerging evidence has demonstrated that

miRNAs play a critical role in MDD pathogenesis in animal

models25 and in human subjects.26–30 Previous studies have

also shown that some miRs may serve as biomarkers for

MDD and may imply potential in the treatment of MDD.31,32

Among the miRs investigated in studies of MDD, the

miR-34 family has received considerable attention. The

miR-34 family consists of three miRNAs: miR-34a, miR-

34b, and miR-34c, which are all involved in cell prolifera-

tion, differentiation, and apoptosis.33 Previous studies have

suggested that miR-34b/c may be involved in stress

response and exert antidepressant effects.33,34 miR-34c-

5p was found to be overexpressed in the hippocampus in

mouse models of Alzheimer’s disease, and targeting miR-

34c-5p reversed or impeded the growth of learning deficits

in the mice suffering from Alzheimer’s disease.35 Our

group found that higher miR-34c-5p expression levels in

peripheral blood leukocytes and allelic variations of

MIR34B/C genes were closely related to MDD.36,37 In

addition, downregulation of the miR-34c level has been

shown to improve memory impairment in a ketamine-

induced mouse model and in a pentylenetetrazol-induced

epileptic rat model, suggesting an important role for miR-

34c level in cognitive function.38,39

To further expand upon these findings, we investigated

the influence of miR-34c expression in peripheral blood

leukocytes and of miR-34b/c single-nucleotide poly-

morphisms on cognitive dysfunction in MDD. We also

evaluated the effects of miR-34c expression and

polymorphism on decision-making in patients with MDD

as versus healthy controls.

Materials and Methods
Subjects
This study focused on the relationship between neuropsy-

chological variables, miR-34c expression levels, and her-

editary susceptibility. Two groups were employed and

analyzed in this study for expression levels and genetic

susceptibility, respectively; these groups were further sub-

divided into patients with MDD and healthy controls.

The first group consisted of 48 patients with MDD who

were recruited from the inpatient department of psychiatry

at the First Hospital of Shanxi Medical University between

March 2014 and December 2015. The recruitment and

diagnosis of the subjects have been described in our pre-

vious study.36 All patients met the following inclusion

criteria: 1) 18–60 years old and 2) either presenting with

the first episode of depression or currently diagnosed with

depression but never received antidepressant treatment.

The exclusion criteria for the patients included severe

medical diseases or other psychiatric disorders (eg, schizo-

phrenia and bipolar disorder), pregnancy, or a history of

substance abuse or drug addiction. The 17-item Hamilton

depressive scale (HAM-D) was used to assess the severity

of depressive symptoms. The mean HAM-D score was

22.17 ± 4.32. We also recruited a group of 54 heathy

controls from the community during the same period.

Neither the healthy control participants nor their first-

degree relatives had a history of psychiatric illness.

The second group consisted of a larger population (531

patients diagnosed with MDD) who were recruited from

the First Hospital of Shanxi Medical University between

August 2008 and January 2014. The recruitment and diag-

nosis of the subjects have been described previously.37 All

531 patients were recruited from clinical settings (inpati-

ent, n = 157; outpatient, n = 374). Of these patients, 78.2%

were experiencing their first major depressive episode (n =

415), whereas the other 21.8% were experiencing a relapse

(n = 116). The HAM-D was used to assess the severity of

depressive symptoms. The mean total HAM-D score of

this sample with MDD was 21.82 ± 6.03. We recruited

a group of 267 heathy controls from the local community

during the same period. Neither the healthy participants

nor their first-degree relatives had a history of psychiatric

illness.
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Consensus diagnoses for MDD were made by at least

two independent psychiatrists according to the criteria

specified in the “Diagnostic and Statistical Manual of

Mental Disorders Fourth Edition (DSM-IV)”. All patients

were also assessed using the Chinese version of the

Modified Structured Clinical Interview for DSM-IV Text

Revision: Axis I Disorders - Patient Edition (SCID-I/P, 11/

2002 revision).

This study was approved by the Ethical Committee for

Medicine of First Hospital of Shanxi Medical University

in Taiyuan, China., and conducted in accordance with the

Declaration of Helsinki. All subjects provided written

informed consent.

Cognitive Tasks
We used two tools to evaluate neuropsychological function:

the Repeatable Battery for the Assessment of

Neuropsychological Status (RBANS) and the Trail Making

Test (TMT).40–42 The RBANS is a neuropsychological assess-

ment first introduced by Randolph et al43 It has been widely

used in research settings involving normal subjects, patients

with nervous system diseases (Alzheimer disease and

Parkinson’s disease), and in those with psychiatric diseases

(depression and schizophrenia). The RBANS includes 12

subtests and the results are summarized using 5 specific

index scores: immediate memory, visuospatial/constructional

ability, language, attention, and delayedmemory. The RBANS

takes approximately 30 minutes to administer and yields

scaled index scores for five cognitive domains. The RBANS

was previously translated into Chinese and has been demon-

strated to have high reliability, test-retest stability, inter-rater

reliability, content validity, and construct validity.45,46 The

TMT is a simple and convenient battery to evaluate cognitive

function, especially working memory, and consists of two

parts. Part A of the TMT is used to evaluate psychomotor

speed, while part B is used for assessment of visuo-spatial

performance, working memory, and executive functions.44 In

TMT part A, the subjects are asked to continuously connect 25

encircled numbers with lines. In TMT-B, the subjects are

required to connect correlating numbers with different colors.

The time required to complete each test was recorded.

All subjects completed the RBANS and TMT at the

stage in which we analyzed their miR-34c expression

levels. All patients and controls completed the RBANS

at the stage in which we explored hereditary susceptibility.

To ensure consistency and reliability of the ratings, the two

clinical psychologists simultaneously attended a training

session in order to standardize their use of RBANS and

TMT prior to the start of the study. The intraclass correla-

tion coefficients between the scores they obtained were r >

0.90 for RBANS and TMT after repeated assessments.

Sample Preparation and RNA Extraction
Sample preparation and RNA extraction were performed

as previously described.36 Blood samples were collected

from study participants after fasting for 4 hours using

tubes coated with the anticoagulant ethylenediaminetetraa-

cetic acid (EDTA). The integrity of total RNA was eval-

uated using denaturing agarose gel electrophoresis.

Real-Time Quantitative Reverse

Transcription PCR
The expression of miR-34c-5p was analyzed using quanti-

tative reverse transcription PCR (pRT-PCR), as previously

described.36 Complementary DNA (cDNA) was synthe-

sized using a High Capacity RNA-to-cDNA Kit

(Invitrogen, USA) following the instructions of the manu-

facturer. The primer used for miR-34c-5p was 5ʹ-

GAGGCAGTGTAGTTAGCTGATTGC-3ʹ. Expression of

miRNA was measured using the miScript system

(QIAGEN, CA) according to the protocol provided by

the company. Small nuclear RNA U6 was used for normal-

ization. The threshold cycle was defined as the fractional

cycle number at which the fluorescence passed the fixed

threshold. The comparative threshold cycle (2–ΔΔCT)

method was used for quantification of transcripts.

Single-Nucleotide Polymorphism (SNP)

Analysis
Isolation of genomic DNA from peripheral blood leuko-

cytes was performed according to a previous method.47

SNP genotyping was performed using the MassARRAY

platform (Agena Bioscience) and matrix-assisted laser

desorption/ionization time-of-light mass spectrometry at

BGI-Shenzhen.48,49 The sequence of primers and probes

has been described previously.37 The genotype was ana-

lyzed using MassARRAY™ Typer software version 3.1.

To identify specific variants, we retrieved two key tag

SNPs (rs4938723 and rs28690953) atMIR34C gene from the

HapMap database (http://www.hapmap.org). We excluded

the rs28690953 from our analysis because of its low minor

allele frequency (MAF < 0.05). In addition, we included two

additional SNPs (rs2187473 and rs28757623) located

upstream or downstream of the regulatory regions of the

precursor or primary MIR34B/C gene (Figure 1).37 The
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rs2187473 SNP is located 100 bp downstream of pre-miR

-34b, and the rs28757623 SNP is located 619 bp downstream

of pre-miR-34c.

Statistical Analysis
Statistical analyses were performed using SPSS version

17.0 (SPSS, Chicago, IL, USA). One-sample

Kolmogorov–Smirnov Tests were used to assess the nor-

mality of the distribution of cognitive task scores in both

MDD patients and controls. For cognitive scores that did

not follow a normal distribution, we first performed a non-

parametric test (Kruskal–Wallis Test), and then trans-

formed the data to rank orders and performed a post hoc

analysis using ANOVA. P-values < 0.05 were considered

statistically significant. The genotypic and allelic frequen-

cies between the patient group and the control group were

compared by the Pearson χ 2 (Chi-square) analysis. We

used the Student’s t-test (for continuous variables, two-

tailed) and Chi-square test (for categorical variables) to

assess differences in the distributions of demographic

characteristics between patients with MDD and control

subjects following a normality test. Expression level data

were discretized as low or high using a threshold of

50 percentile of median expression. Correlation analyses

between the neuropsychological variables and miR-34c-5p

expression levels in patients with MDD were performed

using Pearson’s product-moment correlation coefficient.

Two-way analysis of variance (ANOVA) was used to test

the overall effects of the miR-34c expression (discretized as

low and high) and genotype on cognitive functions. In the

two-way ANOVA analysis, miR-34c expression levels or

genotypes of all SNPs and the diagnosis (patient vs control)

were entered as fixed factors, and the cognitive task scores

were considered dependent variables. Demographic factors

including age, sex, and years of education were entered as

covariates. The associations between cognitive function and

miR-34c expression level or the genotypes of SNPs were

tested using parametric testing followed by post hoc ana-

lyses for cognitive scores with normal distributions.

To narrow down the number of possible combinations, we

only analyzed dominant models. Allele frequencies were

calculated by how many times the allele appeared in the

population divided by the total number of copies of the gene

(p + q = 1; p, q represents one or the other allele). Hardy–

Weinberg equilibrium for the genotypic distribution of each

SNP was tested using the chi-square (χ 2) goodness-of-fit test.
The calculation follows the equation:

χ2 = (1- Ho/He)2×N

Ho = frequency of heterozygotes

He = 2pq or the expected frequency value of

heterozygotes

N = total sample size

df = 1

p < 0.05 was considered significant.

Power analysis for the case–control samples was carried

out with PS Version 2.1.31.50 In the power analysis, the OR

value of three SNPswere 1.25–1.28. To detect amain effect for

each polymorphism with a relative risk of 1.25 or greater in an

additive mode, given the disorder related gene frequency of

0.35, a test size of a = 0.05 and the sample size of MDD

Figure 1 Physical location of three SNPs located on MIR34B or MIR34C gene. A custom UCSC genome track view showing the physical map of three SNPs (rs28757623,

rs2187473, and rs4938723) of the MIR34B or MIR34C gene in the human genome (GRCh38/hg38).
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patients=450, control=230, the power was estimated to

be 64.6%.

Results
Demographic Data and the MIR34B/C

Genotypic Distribution of All SNPs
For group 1 and group 2, no statistically significant differ-

ences were found in terms of age or sex between patients

with MDD and controls. However, a statistically significant

difference was identified for years of education (Table 1).

After controlling for demographic factors, we determined

that patients with MDD performed more poorly than the

control subjects on all cognitive tasks with the exception of

the visuospatial/constructional domain of the RBANS (p <

0.05 for all). (Tables 2 and 3).

The χ2 goodness-of-fit test showed that the MIR34B/C

genotypic distribution of all SNPs was within the Hardy-

Weinberg equilibrium, both in the case group and in the

control group, as shown in Table 4. There was no devia-

tion from Hardy-Weinberg equilibrium in any of the SNPs

tested (p > 0.05 for all). Moreover, genotypic and allelic

distributions of all SNPs are shown in Table 4. No sig-

nificant associations were observed between the genotype

and allele frequencies of SNP and MDD (p > 0.05 for all).

Correlation Analyses of miR-34c

Expression Levels and

Neuropsychological Function
We used Pearson’s Correlation to analyze the association

between the neuropsychological variables and miR-34c-5p

expression levels in patients with MDD. We found

a statistically significant negative correlation between the

miR-34c-5p expression level and both the language index

score (r = −0.320, p = 0.032) and the delayed memory

index score in patients with MDD (r = −0.463, p = 0.001).

We found significant positive correlations between the

miR-34c-5p expression level and the time required to

complete both test A (r = 0.375, p = 0.012) and test

B (r = 0.477, p = 0.001) of the TMT (Figure 2). These

data suggested that higher miR-34c-5p expression may be

associated with compromised neuropsychological function

in MDD patients.

Association Analysis Between miR-34c

Expression and Cognitive Functions
Two-way analysis of variance (ANOVA) was used to test

the overall effects of the miR-34c expression level on

cognitive functions. After adjusting for age, sex, and

years of education, we determined that the relationship

between miR-34c-5p expression and diagnosis was signif-

icant only for delayed memory (F = 5.464, p = 0.020). The

main effects of MDD were significant for most items of

the RBANS (with the exception of the visuospatial/con-

structional domain) and all items of the TMT (p < 0.05).

Patients with MDD performed more poorly than control

subjects. To further explore significant interactions, we

tested the simple effects separately for patients and con-

trols. While there were no significant associations between

expression level and cognitive performance in the controls,

MDD patients were more affected by expression level

variations; a low level of miR-34c expression in MDD

patients was significantly associated with higher perfor-

mance in the delayed memory domain (F = 11.115, p =

0.001). (Table 2).

Association Analysis Between MIR34B/C

Genotype and Cognitive Functions
Two-way analysis of variance (ANOVA) was used to test

the overall effects of the MIR34B/C genotype (rs2187473,

rs4938723, and rs2875623) on cognitive functions. For

rs2187473, the main effects of diagnosis were significant

for all items of the RBANS (p < 0.05). For rs4938723 and

rs2875623, the main effects of diagnosis were significant

for most indexes of the RBANS (everything except the

visuospatial/constructional domain) (p < 0.05). The

patients performed more poorly on cognitive functions

than the controls did. After controlling for demographic

factors, we determined that the interactions between the

Table 1 Demographic Characteristics of Participants and Controls

Group 1 Group 2

Patients (n = 48) Controls (n = 54) χ2/t p-value Patients (n = 531) Controls (n = 267) χ2/t p-value

Sex (male/female) 14/34 21/33 −1.028 0.307 229/302 120/147 −0.488 0.626

Age (years) 40.46 ± 10.47 37.99 ± 10.26 −1.189 0.237 34.26 ± 12.06 32.53 ± 11.26 −1.938 0.053

Education (years) 11.96 ± 3.68 15.19 ± 3.13 4.768 <0.001 11.72 ± 3.42 13.61 ± 3.59 7.522 <0.001
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rs2187473 genotype and MDD were significant for

immediate memory (F = 9.076, p = 0.003) and delayed

memory (F = 5.014, p = 0.026). To further explore the

significant interactions reported above, we tested the sim-

ple effects separately for patients and controls. In the

patients, the rs2187473 CC genotype was significantly

associated with higher performance on the immediate

memory (F = 6.683, p = 0.010) and delayed memory

(F = 4.221, p = 0.040) items in the dominant model.

However, there were no significant associations between

genotype and cognitive tasks in the controls (Table 3).

Discussion
Most studies on depression and neuropsychological function-

ing use a variety of measures with different psychometric

properties. The Repeatable Battery for the Assessment of

Neuropsychological Status (RBANS) is a brief neurocogni-

tive test routinely used in clinical settings.43 A recent study

reported that RBANS is sensitive to the neuropsychological

deficits typically found in depression associated with com-

parable deficits in attention, memory, and visuospatial/

constructional abilities.12 In addition, the Trail Making Test

(TMT) is a simple and convenient test to evaluate cognitive

functioning, especially working memory.44 Using these

tools, the current study revealed that individuals with Major

Depressive Disorder (MDD) had lower cognitive perfor-

mance in the domains of immediate memory, language,

attention, and delayed memory in the RBANS test.

Furthermore, patients with MDD required more time to

complete tests A and B in the TMT compared with healthy

controls. We also found significant negative correlations

betweenmiR-34c-5p expression levels and both the language

and delayed memory index scores in patients with MDD.We

found significant positive correlations between miR-34c-5p

expression and the time required to complete both test A and

test B of the TMT. However, we did not see any significant

relationship of miR-34b expression to the parameters ana-

lyzed in our patient population (data not shown). Moreover,

after controlling for demographic factors, we determined that

the interaction between expression level and diagnosis was

significant for delayedmemory. In theMDDpatients, a lower

expression level was significantly associated with higher

Table 2 Association Analysis Between miR-34c Expression and Cognitive Functions

Sample Cognitive Score (Mean ± SD)

Low Expression High Expression

Patients with MDD vs

Controls F (p-value)

Expression

Effect

F (p-value)

Interaction

F (p-value)

Simple Effect

F (p-value)

RBANS:

Immediate memory MDD 62.37 ± 14.46 55.50 ± 12.52 12.407 (0.001)* 1.561 (0.215) 0.287 (0.593)

Control 81.82 ± 15.62 81.92 ± 19.77

Language MDD 79.12 ± 14.15 80.89 ± 15.99 6.147 (0.015)* 1.393 (0.241) 0.026 (0.872)

Control 92.96 ± 13.53 90.00 ± 16.60

Attention MDD 94.56 ± 18.16 97.30 ± 15.98 7.648 (0.007)* 0.136 (0.714) 0.006 (0.939)

Control 108.93 ± 16.79 115.58 ± 15.33

Visuospatial/

constructional

MDD 86.25 ± 14.84 81.85 ± 16.81 3.644 (0.060) 0.143 (0.706) 0.727 (0.396)

Control 94.44 ± 15.11 92.50 ± 15.98

Delayed memory MDD 84.55 ± 12.92 70.32 ± 19.01 10.433 (0.002)* 6.880 (0.010)* 5.464 (0.020)* 11.115 (0.001)*

Control 88.75 ± 10.89 86.04 ± 15.46 0.040 (0.842)

Trail making test:

Time required to

complete test A

MDD 77.43 ± 53.37 104.45 ± 56.46 24.923 (<0.001)** 1.737 (0.191) 2.579 (0.112)

Control 47.33 ± 18.36 50.29 ± 20.57

Time required to

complete test B

MDD 137.48 ± 64.91 215.18 ± 118.59 26.156 (<0.001)** 1.435 (0.234) 1.988 (0.162)

Control 87.33 ± 21.85 96.13 ± 45.74

Notes: **p-value < 0.001. *p-value < 0.05.
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Table 3 The Association Analysis Between MIR34B/C Genotype and Cognitive Functions

Sample Cognitive Score (Mean ± SD) Cases vs Controls

F (p-value)

Genotype Effect

F (p-value)

Interaction

F (p-value)

Simple Effect

F (p-value)

rs4938723 CC/TC TT

Immediate

memory

Case 75.33 ± 17.13 72.13 ± 18.23 31.503 (<0.001)** 0.004 (0.952) 2.270 (0.132)

Control 85.83 ± 16.01 85.77 ± 15.29

Language Case 82.18 ± 16.78 83.90 ± 16.55 29.812 (<0.001)** 2.195 (0.139) 0.066 (0.797)

Control 91.83 ± 14.04 92.35 ± 14.22

Attention Case 101.87 ± 17.60 100.89 ± 18.44 22.303 (<0.001)** 1.284 (0.258) 0.552 (0.458)

Control 111.08 ± 15.85 109.17 ± 16.19

Visuospatial/

constructional

Case 83.16 ± 15.47 82.09 ± 14.56 3.720 (0.054) 0.363 (0.547) 1.101 (0.294)

Control 87.27 ± 18.10 87.79 ± 15.48

Delayed memory Case 83.89 ± 13.94 79.44 ± 18.79 51.580 (<0.001)** 0.021 (0.884) 3.311 (0.069)

Control 91.31 ± 12.74 92.78 ± 10.75

rs2187473 T/T + C/T CC

Immediate

memory

Case 69.82 ± 17.10 75.87 ± 18.13 53.576 (<0.001)** 0.013 (0.909) 9.076 (0.003)* 6.683 (0.010)*

Control 88.25 ± 13.45 84.55 ± 16.30 3.305 (0.070)

Language Case 81.00 ± 18.46 84.33 ± 15.29 29.004 (<0.001)** 0.264 (0.607) 1.696 (0.193)

Control 91.82 ± 14.21 91.41 ± 14.19

Attention Case 98.38 ± 20.89 102.67 ± 16.10 25.850 (<0.001)** 0.015 (0.902) 3.727 (0.054)

Control 111.64 ± 16.21 109.26 ± 15.83

Visuospatial/

constructional

Case 81.21 ± 15.88 83.42 ± 14.50 5.310 (0.022)* 0.017 (0.895) 2.236 (0.135)

Control 88.47 ± 15.34 87.15 ± 17.61

Delayed memory Case 78.94 ± 18.10 83.22 ± 15.67 51.629 (<0.001)** 0.034 (0.853) 5.014 (0.026)* 4.221 (0.040)*

Control 94.07 ± 9.22 90.91 ± 12.85 1.611 (0.205)

rs2875623 G/G+ C/G CC

Immediate

memory

Case 78.90 ± 19.82 73.36 ± 17.56 15.555 (<0.001)** 1.868 (0.172) 0.214 (0.644)

Control 89.69 ± 10.17 85.58 ± 15.90

Language Case 83.62 ± 18.49 82.94 ± 16.81 5.426 (0.020)* 0.193 (0.660) 0.302 (0.583)

Control 90.00 ± 9.36 91.61 ± 14.46

Attention Case 113.75 ± 12.39 109.90 ± 16.13 6.526 (0.011)** 0.959 (0.328) 0.014 (0.906)

Control 105.14 ± 13.64 101.17 ± 17.96

Visuospatial/

constructional

Case 84.10 ± 17.31 82.72 ± 14.82 3.3396 (0.066) 1.031 (0.310) 1.045 (0.307)

Control 96.75 ± 27.82 87.04 ± 15.84

Delayed memory Case 86.72 ± 11.39 81.43 ± 16.79 6.526 (0.011)** 1.521 (0.218) 0.329 (0.566)

Control 94.54 ± 5.35 91.83 ± 12.06

Notes: **p-value < 0.001. *p-value < 0.05.
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performance in the delayed memory domain; this association

was not present in healthy controls.

The Link Between Depression and

Cognition
Our study demonstrated a detrimental relationship between

MDD and cognitive functioning, which is consistent with

results of previous studies.40,41,51,52 We found differences in

miR expression levels between MDD patients and healthy

controls. We also found an association between higher per-

ipheral blood leukocyte miR-34c-5p levels and deficits in

working memory, delayed memory, and language in patients

with MDD. Depressive disorders are usually associated with

deficits in working, short-term, and long-term memory.53 In

this study, we found that cognitive functioning was signifi-

cantly impaired in patients with MDD, which is consistent

with results of previous clinical studies.10,11,56,57 However,

our results indicated that there were no significant differences

in the RBANS total score or the subscale scores for the

attention, visuospatial/constructional, and language domains

between the patients with MDD and healthy controls based

on miR-34c.

miR-34b/c and Depression
miRs have been shown to be differentially expressed in neu-

rons and could be key factors in the development and patho-

physiology of depression.54,55 Furthermore, the expression

levels of miR-34b and miR-34c were found to be abnormal

in the prefrontal cortex inMDD patients and animal models of

depression.28,55 In this study, we found associations between

the rs2187473 CC genotype (located near MIR34B/C) and

higher performance in the immediate memory and delayed

memory domains inMDD patients but not in healthy controls.

This indicates that rs2187473 polymorphism influences

immediate memory and delayed memory performance under

disease conditions where high levels of miR-34c levels are

needed. These findings suggest that miR-34b/c may be pre-

dictive of cognitive dysfunction in patients with MDD.

miR-34b/c and Cognition
Impacts on language performance in patients with depression

are still controversial. While some studies report dysfunction

in language,58–60 others report no such deficits.61,62 Using

a large cohort of the UK population, Cullen et al andMeijsen

et al both observed an increase in language performance in

MDD cases compared to controls.63,64 Because language

deficits have only been reported in geriatric patients with

depression59 or in individuals with comorbid psychiatric

disorders,65 it is possible that language deficits may be

caused by certain forms of depression or the presence of

other factors that impact cognition. Language performance

is an intellectual measure of memories recalled by indivi-

duals, which may be influenced by population literacy.63 In

addition, the choice of subtests in the RBANS may have led

to limitations in our ability to detect language deficits asso-

ciated with mild to moderate depression, although Faust has

reported that the RBANS test is sensitive to the neuropsy-

chological deficits typically found in mild to moderate

depression in adult patients with MDD.

It has become increasingly clear that hippocampal neu-

rosynaptic and structural plasticity dysfunction may be

involved in the etiology of cognitive deficits in MDD.21,22

miR-34c may play a regulatory role in the growth and

Table 4 Genotype Polymorphisms’ Distributions and Allele Frequencies of MIR34B/C in MDD Patients and Healthy Controls

SNPs Type n Genotyping (%) χ2 p-value Allele (%) χ2 p-value HWE-p

rs4938723 T/T T/C C/C T C

Cases 441 218(49.4) 174(39.5) 49(11.1) 4.23 0.121 610(69.2) 272(30.8) 3.63 0.057 0.115

Controls 222 91(41.0) 102(45.9) 29(13.1) 284(64.0) 160(36.0) 0.960

rs2187473 C/C C/T T/T C T

Cases 421 263(62.5) 143(34.0) 15(3.6) 4.39 0.111 669(79.5) 173(20.5) 1.74 0.187 0.408

Controls 223 155(69.5) 58(26.0) 10(4.5) 368(82.5) 78(17.5) 0.140

rs28757623 G/G G/C C/C G C

Cases 442 249(56.3) 163(36.9) 30 (6.8) 4.15 0.125 661(74.8) 223 (25.2) 3.55 0.060 0.637

Controls 221 106(48.0) 97(43.9) 18(8.1) 309(69.9) 133(30.1) 0.520
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development of nerve cells. Kao et al reported that miR-34c

overexpression in hippocampal neurons leads to shortened

dendrites and decreased spine density, which are key struc-

tural components of memory formation and storage.66

Moreover, miR-34c is strongly involved in regulating the

expression of genes related to the Notch signaling pathway,

which play an important role in the regeneration of the

central nervous system by regulating proliferation and

differentiation.67,68 These fundamental biological evidences

support our findings on the relationship between miR-34c

and cognitive function.

Study Limitations
We note that our study has several limitations. Further experi-

ments in larger samples are warranted, and it is also neces-

sary to consider medication information. These studies

would allow us to replicate our findings and to evaluate

differential expression of miR-34c in subgroups of patients

stratified based on cognitive function. Second, some studies

have reported that cognitive deficits still exist when remitted.

Other clinical information, including information on recur-

rent episodes and remission status, were not collected in the

present study. These factors should be considered in statis-

tical analysis, as they may influence cognitive function in

patients with MDD.

In summary, we report our exploratory investigation of the

influence of miRA-34c on cognitive dysfunction in a Chinese

patient population with MDD. We found that higher levels of

miR-34c correlated with deficits in working memory, delayed

memory, and language in patients with MDD. Our findings

suggest that miR-34c may be used as a predictor of cognitive

dysfunction in patients with MDD. The polymorphism

Figure 2 Pearson’s correlation analyses of miR-34c expression levels and neuropsychological function. Significant negative correlations between miR-34c-5p expression level and

both (A) the language index score (r = −0.320, and p = 0.032) and (B) the delayed memory index score (r = −0.463, p = 0.001) in patients with depression. Significant positive

correlations between miR-34c-5p expression and the time required to complete both (C) test A (r = 0.375, p = 0.012) and (D) test B (r = 0.477, p = 0.001) of the TMT.
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rs2187473 may be a potential genetic factor contributing to

cognitive function in patients with MDD.
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