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Abstract
Background: Systemic lupus erythematosus is a heterogeneous autoimmune disease 
characterized by multi-system injuries and overproduction of autoantibodies. There 
are many genetic studies on SLE, but no report has considered the relationship be-
tween cytoplasmic dynein and SLE susceptibility.
Objectives: Our study intends to investigate whether DYNC1H1 gene SNP/CNV is re-
lated to SLE susceptibility, GCs efficacy, HRQOL, anxiety, and depression in Chinese 
SLE patients.
Methods: A total of 502 cases and 544 healthy controls were recruited into the case-
control study, and 472 subjects from the case group were followed up for 12 weeks 
to evaluate GCs efficacy, HRQOL, anxiety, and depression. Multiplex SNaPshot 
technique was applied to genotype the seven SNPs of DYNC1H1, and AccuCopyTM 
method was conducted to quantify the copy number of DYNC1H1. Anxiety and de-
pression were evaluated using HAMA and HAMD-24  scales, respectively. The SF-
36 scale was used to assess HRQOL.
Results: The significant association between SNP rs1190606 and SLE susceptibility 
was displayed in the dominant model (PBH = 0.004) as well as its allele model (PBH 
= 0.004). We also found that SNP rs2273440 was related to photosensitization 
symptom in SLE patients (PBH = 0.032). In the follow-up study, SNP rs11160668 was 
connected with the improvement of BP in male patients (PBH = 0.011). However, no 
association of DYNC1H1 gene with GCs efficacy, anxiety, and depression was found. 
No CNV in DYNC1H1 was detected.
Conclusions: The study suggests that DYNC1H1 gene polymorphisms may have an 
effect on SLE susceptibility and BP improvement of HRQOL in Chinese SLE patients.
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1  |  INTRODUC TION

Systemic lupus erythematosus (SLE) is an intricate autoimmune dis-
ease characterized by a broad spectrum of organ damage manifesta-
tions and flare-remission pattern.1 Although the pathogenesis of SLE 
has not been clearly elucidated, the fact that it is a multifactorial dis-
ease involving genetic, epigenetic, and environmental factors has been 
identified.2  The report pointed out that SLE mainly harms women, 
whose disease risk is more than nine times that of men.3 In the past 
decade, more than 100 genetic loci related to SLE have been identified 
based on genome-wide association studies (GWAS).4 The study on SLE 
genetics has attracted more and more attention from researchers.

As the most frequently used drug in SLE treatment, glucocor-
ticoids (GCs) mainly exert their biological functions through the 
glucocorticoid receptor (GR). GCs are divided into endogenous and 
exogenous, both of which play an essential part in the pathology 
of SLE.5 Generally speaking, SLE patients can be treated effectively 
with GCs, whereas some unpredictable patients respond poorly to 
GCs therapy and even have undesirable outcomes.6 Therefore, it is 
worth noting how to identify and deal with individuals who are inef-
fective in GCs treatment.

Cytoplasmic dynein is a necessary molecular motor belonging to 
the AAA family of ATPases.7 Dynein is mainly responsible for facil-
itating the retrograde movement of numerous intracellular cargos 
along microtubules to ensure accurate and efficient cell activities.8 
Dynein 1 heavy chain 1 (DYNC1H1) encodes an essential subunit, 
which is the core structure of dynein complex.9 DYNC1H1 is located 
on chromosome 14q32.31, which has a miRNA cluster that regulates 
48  lupus susceptibility genes.10 Researchers have discovered that 
dynein can regulate the development of B cells closely related to 
autoimmune diseases with distinctive genetic mechanisms.11  The 
above findings seem to suggest that DYNC1H1 may be associated 
with SLE susceptibility. After GCs bind to GR, the formed com-
plex must rely on dynein to drive the movement toward the nu-
cleus.12  We assumed that the structural changes of dynein might 
have an impact on the transport of the complex, leading to gluco-
corticoid resistance. Previous research has also revealed that GR 
gene polymorphisms affect the GCs efficacy in SLE patients.13 Thus, 
we hypothesized that DYNC1H1 gene polymorphisms might make a 
difference to GCs efficacy in SLE. Additionally, the relationship be-
tween copy number variation (CNV) of DYNC1H1 and SLE suscepti-
bility was also explored in this paper.

SLE is closely related to central nervous system damage, result-
ing in a wide range of neurologic sequels, of which anxiety and de-
pression are the most common disorders.14 Possible causes of the 
high incidence of mental disorders in SLE patients include long-term 
GCs use, psychological pressure, and recurrent symptoms.15 Dynein 
plays a vital role in the development of neurons, such as neuronal 
migration and neuronal regeneration.16  Mutations in DYNC1H1 

induce dysfunction of dynein-dependent signaling pathways, re-
sulting in various neurological diseases.17 No one has yet considered 
linking the variations in DYNC1H1 with anxiety and depression. 
Meanwhile, frequent disease activity tends to worsen physical and 
mental health, resulting in a deterioration in SLE patients’ health-
related quality of life (HRQOL).18 Given previous research showing 
the impact of GR gene polymorphisms on HRQOL, we assumed that 
DYNC1H1 (the driving force for GR transport) might similarly affect 
HRQOL.19 Therefore, we sought to probe whether DYNC1H1 gene 
polymorphisms have an effect on mental disorders (anxiety and de-
pression) and HRQOL in SLE patients.

2  |  MATERIAL S AND METHODS

2.1  |  Subject and inclusion criteria

The research program has been approved by the ethics committee of 
Anhui Medical University before implementation. All selected sub-
jects offered written informed consent. This study mainly consisted 
of a case-control study aimed at probing the association between 
DYNC1H1 gene and SLE and a follow-up study aimed at exploring 
whether DYNC1H1 gene affects the GCs efficacy, HRQOL, anxiety, 
and depression in SLE patients.

In the case-control study, 502 diagnosed SLE cases were col-
lected from the First and Second Affiliated Hospitals of Anhui 
Medical University, and 544 healthy controls were recruited from 
the healthy population identified by the physical examination de-
partments of hospitals. Each patient was diagnosed by rheuma-
tologists referring to the SLE diagnostic criteria published by the 
American College of Rheumatology in 1997. Cases with other au-
toimmune diseases and critical illness were not included in the case 
group. Moreover, the included healthy controls did not have SLE or 
other immune system diseases and denied a family history of SLE.

A total of 472 patients with SLE were recruited in the follow-up 
study. All enrolled patients achieved a total point of 5 or higher on 
the SLE disease activity index (SLEDAI) at baseline. Meanwhile, par-
ticipants did not accept GCs treatment within the first three months 
of enrollment or only obtained the minimum dose of GCs for main-
tenance treatment. Besides, subjects who met any of the following 
criteria would be eliminated from the study: (a) having severe lupus 
crisis; (b) patients who are allergic to hydroxychloroquine or have 
contraindications for GCs; (c) pregnant or lactating woman; and (d) 
being treated with GCs plus therapy. Of the 472 patients, a total 
of 19 subjects were lost to follow up. 453 patients who completed 
a 12-week follow-up would be included in the DYNC1H1  gene 
polymorphism and GCs efficacy, HRQOL, anxiety, depression, and 
improvement studies. In addition, a total of 547 individuals (262 pa-
tients and 285 controls) were recruited to the CNV study.

K E Y W O R D S
copy number variation, glucocorticoids, single nucleotide polymorphism, systemic lupus 
erythematosus
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2.2  |  Assessment of GCs efficacy and 
division of groups

All patients were required to receive 12 weeks of GCs treatment, 
with GCs dose depending on the severity of the disease at baseline. 
Overall, a GCs (prednisone) treatment dose of 10mg/day - 0.5mg/
kg/day would be available to patients with total scores below 10, 
and patients whose total scores on ≥10 would receive a treatment 
dose of 0.5 – 1.0mg/kg/day. In the meantime, the adjustment to 
GCs dose required consultation with rheumatologists. Furthermore, 
combination therapy of hydroxychloroquine, which exerted benefi-
cial effects in improving clinical symptoms and retarding the onset of 
damage, was provided to patients.20

Rheumatologists performed SLEDAI score assessment on all pa-
tients at baseline, 4, 8, and 12 weeks to understand their disease 
status. Additionally, the clinical symptoms of patients were recorded 
in detail. The change in SLEDAI score after 12 weeks reflected the 
efficacy of GCs. Patients were assigned to different groups accord-
ing to the reduction of SLEDAI score and the improvement of clinical 
symptoms. Patients whose SLEDAI score reduced to below 5 points 
at 12 weeks or the diminished score (baseline - 12 weeks) reached at 
least 5 points were divided into the GC-sensitive groups; otherwise, 
patients would be classified as the GC-insensitive group. Moreover, 
somebody treated with other immunosuppressors owing to poor ef-
ficacy would also be assigned to the GC-insensitive group.

2.3  |  Assessment of HRQOL

The Medical Outcome Study Short Form 36 (SF-36), a commonly used 
questionnaire for both research and clinical purposes, was adopted 
to monitor HRQOL of SLE patients.21 It contains evaluations of eight 
aspects (physical functions [PF], role-physical [RP], bodily pain [BP], 
general health [GH], vitality [VT], social functions [SF], role-emotional 
[RE], and mental health [MH]. Moreover, the total scores of physical 
component summary [PCS] and mental component summary [MCS] 
were calculated through these eight dimensions. The score range of 
each dimension is 0 – 100, with a higher score demonstrating higher-
level HRQOL. We measured the HRQOL of each subject separately at 
baseline and 12 weeks. The judgment of baseline HQORL depended 
on the comparison of SF-36 total score and median: a total score 
greater than the median meant the good quality of life, while others 
meant the poor quality of life. The change in the score of each dimen-
sion after 12 weeks was viewed as an indicator to reflect the improve-
ment of HRQOL in SLE patients.

2.4  |  Assessment of anxiety and depression

Both the Hamilton Depression Rating Scale (HAMD-24) and the 
Hamilton Anxiety Rating Scale (HAMA) are currently widely adopted 
psychometric instruments.22,23 The HAMD-24 was applied to evalu-
ate depression, and a score of 8 or above was diagnosed as depression. 

The HAMA was employed to assess anxiety, and a score greater than 
6 was determined as anxiety. Changes in HAMA and HAMD-24 scale 
scores after 12 weeks (score at baseline - score at 12 weeks) reflected 
the improvement of patients’ anxiety and depression.

2.5  |  Tag SNPs electing and genotyping

The HapMap database was adopted to search for single nucleotide 
polymorphisms (SNPs) in DYCN1H1 gene representing Han-Chinese. 
The linkage disequilibrium (LD) was determined by Haploview soft-
ware version 4.0 to screen candidate tag SNPs. Tap SNPs with minor 
allele frequency (MAF) > 0.01 and threshold of r2 > 0.8 were further 
investigated. Ultimately, a total of nine tag SNPs in DYCN1H1 gene 
(rs1004903, rs10131545, rs10132469, rs11160668, rs1190605, 
rs1190606, rs12161908, rs2273440, and rs3818188) were selected.

The QIAGEN DNA extraction kit (Germany) was employed to ac-
quire genomic DNA from peripheral blood samples. DNA samples 
were preserved in the medical refrigerator at −80℃ until being used. 
SNPs genotyping was performed using the Multiplex SNaPshot tech-
nique based on ABI fluorescence-based assay discrimination method 
(Applied Biosystems, Foster City, CA). The SNaPshot information of 
DYNC1H1 gene was presented in Supplementary Table S1.

2.6  |  Detection of DYNC1H1 copy number

The quantification of DYNC1H1 copy number was accomplished 
through a well-established AccuCopyTM method. AccuCopyTM 
method is based on competitive PCR amplification, which can ac-
curately obtain the CNV status at multiple genomic loci in the same 
assay.24 The primer information of the detected fragment was shown 
in Supplementary Table S2.

2.7  |  Statistical analysis

For continuous variables, arithmetic mean with standard deviation 
(mean (SD)) was employed to represent normally distributed data, 
while median with inter-quartile range (median, (P25-P75)) was ap-
plied to describe abnormally distributed variables. Categorical 
variables were presented as counts (percentage). In order to as-
sess the differences between groups, Student's t test was adopted 
in the case of normally distributed data and Mann-Whitney U test 
in the case of abnormally distributed data. Chi-squared or Fisher's 
exact test was utilized to compare differences between qualitative 
variables. Similarly, Hardy-Weinberg equilibrium (HWE) also was 
evaluated by chi-squared test. We conducted univariate logistic re-
gression to discover potential associations and presented the results 
in the form of odds ratios (OR) with 95% confidence intervals (95% 
CIs) and P value. To control the interference of confounding factors 
in the case-control study (sex, age) and the follow-up study (sex, age, 
height, weight, marital status, cigarette smoking, alcohol drinking, 
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tea consumption, history of GCs therapy, GCs dose, and SLEDAI 
scores at baseline), analysis results were corrected with multivariate 
logistic regression.

The above analyses were performed by SPSS version 21.0 (SPSS, 
Inc., Chicago, IL). This study also performed haplotype analysis using 
SHEsis software, with the criterion that the haplotype had a minimum 
frequency greater than 0.03. For false-positive error and multiple com-
parisons problems, the Benjamini-Hochberg (BH) method based on the 
false discovery rate (FDR) was conducted to adjust P value. Additionally, 
we have further analyzed data using gender as a stratification factor. 
The threshold of significance was P < 0.05 (2-sided) for all tests.

3  |  RESULTS

3.1  |  Case-control study

3.1.1  |  Characteristics and HWE analysis

The basic and clinical characteristics of cases and controls were 
shown in Supplementary Table S3. The case-control study consisted 
of 502 patients and 544 healthy controls. There were 50 males and 
452 females in the case group with an average age of 35.32 (12.22) 
years, while the control group had 63 males and 481 females with 
an average age of 35.31 (9.65) years. No statistical differences in 

age and gender between groups were found. Genotype frequen-
cies of DYNC1H1  gene and HWE results were summarized in 
Supplementary Table S4. Since rs10131545 and rs10132469 did not 
meet HWE, subsequent analyses would exclude these two SNPs.

3.1.2  |  Allele of SNPs and SLE susceptibility

We analyzed the distribution of SNP alleles between SLE cases and 
controls. As shown in Table 1, compared with the control group, the 
frequency of three minor alleles in the case group was significantly 
higher, including rs1004903 (allele A, P = 0.039), rs1190606 (allele 
G, P = 5.30×10−4), and rs2273440 (allele A, P = 0.038). After adjust-
ing P value, the result showed that the higher frequency of allele 
G in rs1190606 might contribute to an increased risk of SLE (PBH = 
0.004) (Figure 1A). The results of gender stratification demonstrated 
this association was more significant in the female subgroup (PBH = 
0.001) (Supplementary Tables S5 and S6).

3.1.3  |  DYNC1H1 gene polymorphisms and SLE 
susceptibility

The results of regression analyses were displayed in Table 2. In uni-
variate logistic regression, SNP rs1190606 was associated with SLE in 

TA B L E  1 Comparison of different alleles of DYNC1H1 gene in patients and controls

Allele
Patients (N=502)
[n(%)]

Controls (N=544)
[n(%)] χ2 value OR (95% CI) P value PBH

rs1004903 4.255 1.234 (1.010–1.507) 0.039 0.091

G 739 (73.61) 843 (77.48)

A 265 (26.39) 245 (22.52)

rs11160668 1.091 0.898 (0.733–1.099) 0.296 0.414

G 778 (77.49) 822 (75.55)

A 226 (22.51) 266 (24.45)

rs1190605 3.611 1.201 (0.994–1.450) 0.057 0.100

G 692 (68.92) 791 (72.70)

C 312 (31.08) 297 (27.30)

rs1190606 12.006 1.374 (1.148–1.644) 5.30×10−4 0.004

A 611 (60.86) 741 (68.11)

G 393 (39.14) 347 (31.89)

rs12161908 0.114 1.068 (0.729–1.565) 0.736 0.859

G 949 (94.52) 1032 (94.85)

C 55 (5.48) 56 (5.15)

rs2273440 4.290 1.233 (1.011–1.503) 0.038 0.091

G 733 (73.01) 837 (76.93)

A 271 (26.99) 251 (23.07)

rs3818188 0.016 0.989 (0.833–1.174) 0.899 0.899

G 526 (52.39) 567 (52.11)

A 478 (47.61) 521 (47.89)

Abbreviations: BH, Benjamini-Hochberg method based on the false discovery rate;CI, confidence interval; OR, odds ratio.
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diverse inherited models (dominant model: P = 6.09×10−4; recessive 
model: P = 0.046). In multivariate logistic regression, the association 
between rs1190606 and SLE still had statistical significance (dominant 
model: Padj = 5.75×10−4; recessive model: Padj = 0.045). By FDR correc-
tion, the statistical significance still existed in the dominant model (PBH 
= 0.004) (Figure 1B), suggesting that SNP rs1190606 may be a risk fac-
tor for SLE. Gender stratification analysis indicated that the association 
between rs1190606 and SLE in the female subgroup was in agreement 
with the above result (Supplementary Tables S7 and S8).

3.1.4  |  Haplotype of DYNC1H1 gene and SLE 
susceptibility

Haplotype analysis retained only six combinations with the lowest 
frequency >0.03 among 38  haplotypes (Supplementary Table S9). 
The result demonstrated that there were statistical differences 
in the distribution of haplotypes GAGAGGG and GAGGGGG be-
tween SLE patients and controls (P = 0.017 and P = 0.024). These 
associations disappeared after correcting P value by FDR method. 
However, the analysis of the female subgroup indicated that hap-
lotypes GAGAGGG and GAGGGGG still had associations with SLE 
susceptibility (PBH, 0.015 and 0.006, respectively) (Table 3), whereas 
no connection was found in males (Supplementary Table S10). These 
associations further supported the hypothesis that DYNC1H1 gene 
polymorphisms may make a difference to SLE susceptibility.

3.1.5  |  DYNC1H1 gene polymorphisms and clinical 
manifestations

The relationship between genotype distribution in diverse inherited 
models and clinical manifestations of SLE patients was presented 

in Supplementary Table S11. The rs2273440 of DYNC1H1  may 
be related to photosensitization symptom (dominant model: OR = 
0.576, 95%CI = 0.398–0.834, PBH = 0.040). Further gender stratifi-
cation analysis did not find this association, but the association of 
rs1190605 with photosensitization symptom in the female subgroup 
was found (PBH = 0.040) (Supplementary Tables S12 and S13).

3.2  |  Follow-up study

3.2.1  |  Demographic features and genotype 
frequencies

472 SLE patients recruited from the case group were required to 
meet the 12-week follow-up. 453  subjects reached the follow-up 
endpoint, whereas 19  subjects failed. Subsequently, 453 patients 
were assigned to the GCs-sensitive group (261 cases) and the GCs-
insensitive group (192 cases) based on GCs efficacy. Comparisons 
of demographic features showed that no significance of difference 
existed between groups (Supplementary Table S14). Genotype fre-
quencies and HWE analysis of seven SNPs (rs1004903, rs11160668, 
rs1190605, rs1190606, rs12161908, rs2273440, and rs3818188) 
were listed in Supplementary Table S15. Due to failure to pass HWE, 
SNP rs2273440 would be excluded from the analysis.

3.2.2  |  Allele of SNPs and GCs efficacy

Differences in allelic distribution between the GC-sensitive group 
and the GC-insensitive group were shown in Supplementary Table 
S16. No association between SNP alleles and GCs efficacy was ob-
served. Similarly, gender stratification results found no statistical 
differences (Supplementary Tables S17 and S18).

F I G U R E  1 The association between rs1190606 of DYNC1H1 gene and SLE susceptibility: A, Allele distribution of rs1190606 between 
case and control groups; B, Genotype frequency of rs1190606 in dominant model between case and control groups
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3.2.3  |  DYNC1H1 gene polymorphisms and 
GCs efficacy

No statistical association was observed in logistic regression analysis 
(Table 4). In gender stratification, a statistical association between 
SNP rs3818188 and GCs efficacy was observed in males (Recessive 
model: Padj = 0.041). However, this association disappeared after 
FDR correcting (Supplementary Tables S19 and S20).

3.2.4  |  Haplotype of DYNC1H1 gene and 
GCs efficacy

Haplotype analysis indicated that SNP haplotype combinations had 
no relationship with GCs efficacy. Gender stratification analysis 
was also consistent with this conclusion. Details were presented in 
Supplementary Tables S21-S23.

3.2.5  |  Analysis of the improvement of anxiety, 
depression, and HRQOL

The results of Mann-Whitney U test indicated that there was no link 
between DYNC1H1  gene polymorphism and the improvement of 
anxiety and depression (Supplementary Table S24). Supplementary 
Table S25 demonstrated that rs11160668 was correlated with im-
provement in RE (P = 0.016) and RP (P= 0.047), rs1190605 was cor-
related with improvement in PF (P = 0.030) and PCS (P = 0.046), 
and rs1190606 had statistical connection with improvement in SF 
(P = 0.034). After FDR detection, these associations disappeared. 
However, stratification results found that rs11160668 was cor-
related with improvement of BP in males (Wild vs. Heterozygous/
Homozygous: 16.00 (6.50–27.00) vs. 0 (0–0), PBH =0.011) 
(Supplementary Table S26). In addition, logistic regressions were 
used to analyze whether DYNC1H1 gene has an effect on anxiety, 
depression, and HRQOL in 453 baseline patients. Regrettably, no 
statistical association was observed (Supplementary Tables S27-
S29). The same was true for gender stratification (details were not 
shown here).

3.3  |  CNV analysis of DYNC1H1 gene

For 547 samples, the copy number of DYNC1H1 gene fragment was 
tested. The original data were displayed in Figure 2. After testing, the 
copy number of DYNC1H1 in all samples was 2, and no copy number 
variation was discovered. Thus, no more analysis was performed.

4  |  DISCUSSION

Our findings indicated that DYNC1H1  gene rs1190606 poly-
morphism was related to SLE. Meanwhile, we observed that the TA
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haplotypes GAGAGGG and GAGGGGG defined by seven SNPs 
were associated with SLE. Besides, results demonstrated that SNP 
rs11160668 was associated with BP improvement of male patients, 
and SNP rs1190605 was correlated with photosensitization symp-
tom in female patients. Nevertheless, the effect of DYNC1H1 gene 
polymorphism on GCs efficacy and mental disorders (anxiety and 
depression) was not discovered. Similarly, no copy number variation 
of DYNC1H1 gene was detected. To date, most researches regarding 
DYNC1H1 mutation have focused on neurodegenerative diseases. 
This is the first study to link DYNC1H1 gene polymorphisms with 
SLE susceptibility. We presented the following opinions to illustrate 
our findings.

The pathological similarities between autoimmune diseases and 
cancer, such as abnormal cell proliferation and tissue microenviron-
ment disorders, have been recognized for decades.25 Due to the 
function of dynein in maintaining the cell cycle, its role in cancer 
has been extensively studied. Somatic mutations of DYNC1H1 have 
been detected in several cancers, including intraductal papillary 
mucinous neoplasm, pancreatic neuroendocrine neoplasm, and glio-
blastoma multiforme.26,27 DYNC1H1 has been recognized as a driver 
gene for colorectal cancer to progress to stage-II.28 Huang et al. 
stated that, compared with cholecystitis and normal gallbladder 
tissues, the expression of DNYC1H1 in human primary gallbladder 
cancer (PGC) was markedly down-regulated. Their results indicated 
that DYNC1H1 was a potential diagnostic biomarker for PGC.29 The 
reported data showed that DYNC1H1 was overexpressed in gastric 
cancer cell lines resistant to 5-fluorouracil, paclitaxel, and cisplatin, 
suggesting that DYNC1H1 may be used as a biomarker for predicting 
chemotherapy efficacy in gastric cancer.30

Moreover, some studies have revealed that dynein seems to play 
a key role in certain autoimmune diseases. It has been shown that 
dynein gene may be associated with rheumatoid arthritis, an auto-
immune illness partially similar to the manifestations and pathology 
of SLE.31,32 Kreutzer et al. reported that axonopathy in the multiple 
sclerosis (MS) model was related to impaired axonal transport and 
was accompanied by the down-regulation of the axonal transport-
related protein DYNC1H1, implicating DYNC1H1 may act as an MS-
responsive protein.33 It was confirmed that type 1 diabetes could 
cause changes in the distribution of dynein in the retina and lead to 
retinal dysfunction, suggesting that abnormal expression of retinal 

dynein could be used as an early indicator of retinopathy.34 On the 
other hand, B and T lymphocytes are essential for controlling inflam-
mation response and maintaining immune homeostasis. Their devel-
opment and other cellular activities appear to be inseparable from 
the participation of dynein. Dynein-driven T-cell receptor micro-
clusters (TCR-MCs) control T-cell activation by forming the central 
supramolecular activation cluster (cSMAC). Akiko et al. confirmed 
that reduction of dynein heavy chains could suppress TCR-MC 
translocation and cSMAC formation, thereby regulating T-cell acti-
vation.35 Meanwhile, it has been proved that dynein is required for 
the movement of B-cell receptor microclusters and antigen gath-
ering during B-cell activation.36 Thus, it is reasonable to speculate 
that mutations in DYNC1H1 gene may interfere with its biological 
function and affect the activation of B and T cells, thereby changing 
the susceptibility to SLE. The above evidence seems to support our 
findings regarding the relationship between DYNC1H1 gene poly-
morphisms and SLE susceptibility. Remarkably, we observed a gen-
der difference in the association of DYNC1H1 gene with SLE, which 
may be related to the high risk of SLE in women, or to the limited 
male cases included in this study.

As the drug of choice for SLE treatment, GCs mainly rely on 
GR to exert anti-inflammatory and immunomodulatory functions. 
Mediated by transport-related proteins, GR forms the GR-Hsp90-
Hsp70-immunophilin complex, which then is transported retro-
gradely with the assistance of cytoplasmic dynein.37,38 Daghestani 
et al. screened GR nuclear translocation inhibitors based on 
changes in cytoplasmic dynein ATPase activity. They believed that 
dynein-mediated transport inhibitors mainly targeted dynein and 
other transport-related proteins.39 Although previous studies con-
firmed that HSP90AA1  gene involved in GR transport affects GC 
efficacy, our observations have not suggested the influence of 
DYNC1H1 gene on GCs efficacy.40 This may be because individual 
differences in response to GCs are caused by a combination of vari-
ous mechanisms, which requires more exploration.

HRQOL is adopted for the individual's self-assessment of dis-
ease and treatment, including multiple dimensions of psycholog-
ical, physical, and social functions.41 Studies have shown that the 
quality of life of SLE patients is not only worse than that of normal 
people, but even patients with general chronic diseases.42  Paying 
attention to the HRQOL of SLE patients is of great significance for 

TA B L E  3 Association between haplotypes of DYNC1H1 and susceptibility of SLE (female)

Haplotypes
Cases 
(frequencies)

Controls 
(frequencies) χ² value

Fisher's 
P value

Pearson's 
P value OR (95% CI) PBH

A G C G G A G 204.27 (0.226) 193.47 (0.201) 2.352 0.125 0.125 1.191 (0.952–1.489) 0.250

G A G A G G G 142.96 (0.158) 203.68 (0.212) 7.848 0.005 0.005 0.712 (0.562–0.904) 0.015

G A G G G G G 33.82 (0.037) 12.73 (0.013) 11.662 0.001 0.001 2.959 (1.542–5.676) 0.006

G G C A C G G 42.12 (0.047) 44.97 (0.047) 0.005 0.942 0.942 1.016 (0.660–1.564) 0.942

G G G A G G A 339.31 (0.375) 385.64 (0.401) 0.680 0.410 0.410 0.923 (0.763–1.116) 0.492

G G G G G G A 81.50 (0.090) 74.62 (0.078) 1.225 0.268 0.268 1.204 (0.866–1.673) 0.402

Note: frequency <0.03 in both control and case has been dropped.
Abbreviations: BH, Benjamini-Hochberg method based on the false discovery rate;CI, confidence interval; OR, odds ratio.
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evaluating SLE treatment and predicting mortality.43 Dynein inter-
acts directly or indirectly with the PPiase domain of FKBP52.44 The 
fact that FKBP5 gene polymorphisms have an influence on HRQOL 
of patients with SLE has been confirmed.45 Considering the interac-
tion between dynein and FKBP5, it is reasonable to speculate that 
DYNC1H1 gene may have a similar effect on HRQOL. In this study, 
we observed an association between rs11160668 of DYNC1H1 gene 
and BP improvement of HRQOL. However, this association only ex-
isted in male patients, which may be due to the small sample size 
caused by gender stratification. More studies with larger sample 
sizes are warranted to affirm the conclusion.

Variations in DYNC1H1 gene have been repeatedly reported to 
be involved in the pathogenesis of neurodegenerative diseases.46 
Additionally, several animal behavioral studies suggested that dynein 
genes influenced anxiety and depression behaviors in mice. Banks 
et al. stated that the mutation of DYNC1LI1 gene altered the devel-
opment of mice neurons, which made the mutant mice present stron-
ger anxiety.47 The experiment conducted by Donner et al. found that 
the high expression of DYNLL2 haplotype enhanced the suscepti-
bility of mice to generalized anxiety disorder.48 Bakhtiarzadeh et al. 
believed that the stress-induced depression in rats might be related 
to the decreased expression of dynein gene.49 Nevertheless, this in-
vestigation found no association of DYNC1H1 with anxiety and de-
pression in patients with SLE. We hypothesized that the difference 
in conclusions might be partly due to the differences in cross-species 
studies, looking forward to more human-based investigations.

This paper had several inevitable limitations. Firstly, 19 patients 
withdrew from the follow-up, which unavoidably affected the analysis 
results to a certain extent. Secondly, all patients would be given hy-
droxychloroquine for combination therapy. Because of the slow onset 
of the drug (3 to 6 months), it would have an impact on the evaluation 
of GCs efficacy. Thirdly, all subjects were from the Han population in 
Anhui Province, and the influence of race and geographic environment 
was not taken into consideration. Fourthly, the limited number of male 
cases might have an effect on gender stratification analysis. Fifthly, the 
CNV was not detected in this study, which might be the result of a 
small sample size. At last, there were still some potential confounding 
factors that had not been considered, leading to biased results.

5  |  CONCLUSION

Overall, our study for the first time demonstrates that DYNC1H1 
(rs1190606) gene polymorphism may be connected with SLE 
susceptibility. Meanwhile, DYNC1H1 (rs11160668) gene may 
have an association with the improvement of HRQOL in SLE pa-
tients. Nevertheless, this paper failed to find the connection of 
DYNC1H1 gene with GCs efficacy and mental disorders (anxiety and 
depression). What's more, no CNV of DYNC1H1 gene was found in 
our observations. This study is expected to provide a new direction 
for additional research on the pathogenesis of SLE. It is necessary to 
conduct more studies covering more SNPs with more representative 
samples for further exploration.TA
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