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MicroRNA (miRNA), a non-coding single-stranded RNA molecule with 20–23 nucleotides 
encoded by endogenous genes, plays an essential role in maintaining normal cell function 
and regulating cell proliferation, differentiation, apoptosis, autophagy, and cell metabolism. 
The imbalance between miRNA and genes can cause a series of diseases, including 
malignancies. miRNA-326 (miR-326) is extensively known for its core regulation of various 
biological processes. This review presents an overview of the highlights of miR-326 in 
female-related diseases. To understand the impact of miR-326 on female disorders, we 
search all published studies about miR-326 having a high incidence in female conditions, 
including cervical cancer, endometrial cancer, breast cancer, intrauterine adhesion, and 
multiple autoimmune diseases. We aim to learn about the mutual regulation mechanism 
between miR-326 and related genes and signaling pathways, as well as to elaborate on 
the value of miR-326 as a potential biomarker and therapeutic target of female diseases. 
Our results provide reliable evidence and new strategies for treating female tumors and 
autoimmune diseases.
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I. Introduction
MicroRNAs (miRNAs) are the most abundant and 

vital class of gene regulatory factors in organisms. They 
play essential roles in regulating endogenous genes and in 
genome resistance to the invasion of exogenous nucleic 
acids. They are involved in various biological processes, 
such as individual development, cell differentiation, prolif-
eration, apoptosis, and stress regulation of target genes [4]. 
The dysregulation of miRNAs reportedly leads to cellular 
homeostasis disorder. Over the past decade, miRNAs have 
received extensive attention for their pivotal roles in the 
occurrence and development of numerous human diseases, 
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particularly cancers and autoimmune diseases (ADs). Con-
sidering that miRNAs can control multiple genes in differ-
ent cancers or illnesses, they are also considered potential 
therapeutic targets or diagnostic biomarkers. However, their 
exact roles and molecular mechanisms have not yet been 
fully defined. miRNA-326 (miR-326), as a tumor suppres-
sor, participates in the tumorigenesis, invasion, and metas-
tasis of multiple cancers, such as cervical cancer (CC), 
endometrial cancer, and breast cancer (BC) [45]. Given 
that miR-326 is related to immune regulation, its role in 
ADs is gradually attracting research attention. The majority 
of miR-326-related diseases present a high incidence in 
females. In this Review, we discuss the roles of miR-326 
in female-related diseases to further understand its regula-
tory mechanism in these diseases. We also provide strong 
evidence for miR-326 as an ideal biomarker, therapeutic 
target, and prognostic indicator in many female-related dis-
eases.
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II. miRNAs

Mature miRNAs (20–23 nucleotides long) function 
as post-transcriptional gene regulators that regulate gene 
expression by combining with the 3'-untranslated region 
(3'-UTR) of their target genes. Consequently, transcripts 
are degraded and/or translation is inhibited [5]. Initially, 
miRNAs are transcribed by RNA polymerase II from 
the genome into primary transcripts (pri-miRNAs). Pri-
miRNAs are then cleaved in the nucleus by a microprocess-
ing complex Drosha-DGCR8 into a 60–70 nt stem loop 
precursor (pre-miRNAs) before being exported into the 
cytoplasm by nuclear transport receptor Exportin-5-Ran-
GTP. In the cytoplasm, pre-miRNAs are further cleaved 
into mature length by Dicer. Finally, the double-stranded 
miRNA is recruited by Argonaute proteins and incorpo-
rated into the RNA-induced silencing complex (RISC). One 
strand of miRNA double strand is preserved in the RISC 
complex, whereas the other strand is excreted from the 
complex and rapidly degraded. Mature miRNAs repress 
the mRNA translation or destabilize mRNA transcripts, 
regulating protein expression levels [20, 30, 33] (Fig. 1). 
Currently, more than 2500 miRNAs have been identified. 
They can regulate the expression of one-third of all genes 
in the human body. Since they have been identified, consid-
erable studies have confirmed that miRNAs participate in 
various human tumors and other diseases. Many miRNAs 
have varying degrees of diversity in sequence, structure, 
expression, and function. The discovery of miRNAs have 
led to a worldwide research effort to explore their roles in 
cancers and other diseases. Aberrantly expressed miRNAs 
are reportedly correlated with tumorigenesis, tumor pro-
gression, and metastasis. Some miRNAs have been veri-
fied to function as oncogenes (onco-miRNAs), such as 
miR‑21, miR-23, miR‑107, miR‑155, miR‑210, miR‑221, 
miR‑17~92 cluster, and miR‑10b. Conversely, some func-
tion as a tumor suppressor (suppressor miRNA), such as 
miR‑34 family, let‑7 family, miR‑200 family, miR‑15/16, 
miR‑375, miR‑506, and miR‑520, depending on their 
targeting genes and tumor types [29, 51]. These onco-
miRNAs or suppressor miRNAs form a complex biological 
regulatory network through their target genes, upstream 
transcription factors, and various feedback regulatory cir-
cuits to participate in tumor development. miRNAs are 
essential for multiple cellular homeostases, so deregulation 
between miRNAs and target genes leads to tumorigenesis. 
Studies have demonstrated that miRNAs play an important 
role in proliferation, differentiation, autonomous growth 
signals, apoptosis, angiogenesis, invasion, metastasis, 
energy metabolism, immune escape, and tumor resistance 
[18]. Some miRNAs play an important role in embryo 
implantation, cell growth, differentiation, tissue homogene-
ity and organ formation during embryonic development. 
They affect many different developmental processes, such 
as osteogenic and chondrogenic differentiation, neuronal 
and cardiac differentiation, endothelial differentiation and 

hematopoiesis. In recent years, the regulation of miRNAs 
on glucose metabolism and lipid metabolism has become a 
hot spot in metabolic diseases research [52, 62]. miRNAs 
also perform a crucial regulatory function in various physi-
ological and pathological processes such as inflammation, 
immune response, hematopoiesis, embryonic development, 
and organ development, thereby affecting multiple human 
disorders (e.g., ADs, cardiovascular diseases, diabetes, hep-
atitis, and neurological disorders). Hence, miRNAs may 
serve as potential biomarkers and therapeutic targets and 
should be extensively explored in various cancers and dis-
eases.

III. miR-326
In 2004, miR-326 was identified as a neural-specific 

miRNA in neurons [42]. The precursor gene of miR-326 
is located within chromosome 11 in intron 1 of the beta-
arrestin gene (ARRB1) [39]. miR-326 belongs to the 
miR-15/107 gene group, and its expression is associated 
with brain development and neural stem-cell differentiation 
[7, 27]. It serves as a tumor suppressor and has gained 
extensive research attention in recent years. miR-326 over-
expression in various human cancers has been confirmed. It 
is involved in the development and progression of tumors 
by regulating cell growth, apoptosis, migration, and inva-
sion [3]. miR-326 can be detected in patients’ peripheral 
blood with ADs, so it is proposed to regulate T-cell differ-

miRNA biogenesis. Schematic representation of miRNA 
biogenesis and function.

Fig. 1. 
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entiation and mediate the immune response. Studies are 
increasingly focusing on the clinical benefit of miR-326 in 
ADs and autoinflammation (e.g., multiple sclerosis (MS), 
systemic lupus erythematosus (SLE), immune thrombocy-
topenia (ITP), and type-1 diabetes mellitus (T1DM)) [21, 
54]. Thus, miR-326 is considered as an immune-related 
miRNA. miR-326 is also reportedly related to some fibrotic 
diseases, such as idiopathic pulmonary fibrosis, liver fibro-
sis, and intrauterine adhesion (IUA) [70]. Among the 
numerous conditions related to miR-326, a considerable 
part is more predominant in women. Here, we review the 
role of miR-326 in female-related diseases, providing evi-
dence that miR-326 is a potential biomarker and therapeutic 
target for such diseases, including cancers.

IV. miR‐326 in Female-related Cancers
Cervical cancer (CC)

CC is the fourth most common cancer and the second 
leading cause of cancer-related mortality in females world-
wide [57]. Surgery combined with radiation or chemother-
apy is the first-line therapeutic approach to treating CC. 
However, metastasis and recurrence remain the leading 
causes of high mortality in advanced patients. Over the 
past decade, various miRNAs have been proven to be 
abnormally expressed in CC and contribute to CC’s patho-
logical progress by acting either as oncogenes or tumor 
suppressors [46]. Studies have shown that miR-326 is 
downregulated in CC tissues and cell lines. Zhang et 
al. demonstrated that miR-326 is significantly downregu-
lated in CC tissues compared with healthy control speci-
mens. miR-326 overexpression inhibits the proliferation, 
migration, and invasion of CC cell lines by targeting 
ETS domain-containing protein Elk-1 (ELK1). ELK1 is a 
transcription factor of the MAPK signaling pathway that 
directly regulates cytoskeleton-associated activities and cell 
migration. Moreover, ELK1 could mitigate the suppressive 
effects on proliferation, migration, and invasion exerted 
by miR-326 [67]. These findings have been confirmed by 
another study involving 63 patients and 40 normal cases. 
Results show that miR-326 is significantly downregulated 
in the CC group, whereas a circular RNA (circRNA) 
hsa_circ_0000515 and ELK1 are upregulated. Given that 
miR-326 can directly target hsa_circ_0000515 and ELK1, 
hsa_circ_0000515 competitively binds to miR-326 and acts 
as a sponge to regulate ELK1 expression. Eventually, the 
proliferation and invasion of CC cells are enhanced, and 
their apoptosis and autophagy are reduced [56]. Cheng et 
al. detected miR-326 in 12 cases of cervical intraepithelial 
neoplasia (CIN) and 24 cases of squamous carcinoma and 
discovered gradually elevated miR-326 from CIN to squa-
mous carcinoma. miR-326 reflects the progression from 
precancerous lesions to invasive cancers, rendering it as a 
potential CC diagnosis predictor. They also observed that 
vascular endothelial growth factor C (VEGF-C) promotes 
CC cell invasiveness by suppressing miR-326 through the 

c-Src pathway. Perhaps the miR-326 genetic locus is in the 
first intron of the host gene ARRB1, and c-Src can regu-
late transcription factors of ARRB1 gene, thereby affecting 
miR-326 expression [6]. Further studies should be con-
ducted to validate this supposition. Recently, miR-326 has 
been reported as a target of long non-coding RNA TDRG1, 
which promotes the proliferation, migration, and invasion 
of CC cells by targeting miR-326 to regulate MAPK1 
expression. Besides, knockdown of miR-326 can reverse 
the reduced apoptosis caused by TDRG1 downregulation 
[22]. The above studies show that miR-326 plays a role in 
inhibiting the proliferation, invasion and metastasis of CC, 
but the specific mechanism has not been elucidated.

Endometrial carcinoma (EC)
EC is a common type of gynecological cancer. EC 

has two types, and the outcome of Type II is poorer than 
that of Type I because Type II EC is estrogen independ-
ent. This feature means that it is characterized by poor 
differentiation, high malignancy, negative estrogen and 
progesterone receptor, and insensitivity to chemotherapy. 
Studies have shown that miR-326 affects the malignant 
behaviors of EC cells and promotes tumor progression. 
Gao et al. reported that miR-326 could target the G protein-
coupled receptor 91 (GPR91), known as succinate recep-
tor 1. GPR91 participates in several metabolic pathways. 
Gao and his colleagues used superparamagnetic iron oxide 
nanoparticle (SPION) to mediate the efficient miR-326 
expression (miR-326@SPION). They found that miR-326 
overexpression inhibits the proliferation, division, invasion, 
and tumorigenicity of EC stem cells in vitro and in vivo 
by activating the GPR91/STAT3/VEGF signaling pathway 
[15]. miR-326 is also remarkably downregulated in EC 
tissues and cell lines as demonstrated by Liu et al. study. 
They verified that transcription factor TWIST1 is another 
target of miR-326. The upregulation of miR-326 inhibits 
EC cell migration by suppressing epithelial–mesenchymal 
transition (EMT) via TWIST1 [35]. EMT is well known to 
be an essential mechanism of tumor metastasis. Previous 
studies have also suggested that mir-326 mimic can prevent 
epithelial cells from transforming into mesenchymal cells 
by targeting transforming growth factor-β (TGF-β) [9]. All 
these findings indicate that miR-326 may be a promising 
metastasis suppressor in EC.

Breast cancer (BC)
BC is the most common malignancy in women world-

wide and seriously threats women’s health and lives. 
Chemotherapy resistances are urgent problems to be 
solved. Multidrug resistance (MDR) is one of the main 
issues in chemoresistance. Liang et al. demonstrated for the 
first time that miR-326 could mediate the MDR-associated 
protein (MRP-1/ABCC1) to improve the sensitivity of 
BC cells to chemotherapy drugs. Upon transfecting etopo-
side (VP-16)-resistant cells with miR-326 mimic, MRP-1/
ABCC1 expression decreases, and cell sensitivity to VP-16 
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and doxorubicin increases [31]. Another study has con-
firmed these findings. Baldassari et al. found that miR-326 
can significantly enhance some specific BC drug activ-
ity by combining treatment, such as gefitinib, erlotinib, 
LEE011, BYL719, AZD5363, and SCH772984 [2]. How-
ever, the particular mechanism and potential drug targets 
require further investigation. Similarly, miR-326 acts as 
a tumor suppressor participating in BC progression. Inter-
estingly, the sex-determining region Y-box protein 12 
(SOX12), a known oncogene, has been identified as a 
target of miR-326; thus, targeting SOX12 by miR-326 
can inhibit BC development and progression [12]. Pan 
et al. explored the expression profile of miR-326 in BC 
tissues and found that it expresses significantly lower 
miR-326 than para‐carcinoma tissue and other healthy 
tissues. miR-326 can also be regulated by a circRNA, 
such as circ_0061825 (circ‐TFF1), whose knockdown can 
promote miR‐326 expression in BC cells. Moreover, circ-
TFF1 serves as a competing endogenous RNA of TFF1 
by sponging miR-326, promoting the migration, invasion, 
and EMT of BC cells in vitro and in vivo [44]. Du et 
al. investigated the effect of miR-326 on cell cycle and 
showed that miR-326 restrains BC cell proliferation by 
regulating cell-cycle arrest at G1/G0 stage [12]. According 
to Ghaemi et al., miR-326 suppresses BC cell proliferation. 
It promotes the apoptosis and upregulation of miR-326, 
leading to increased sub-G1 cell proportion and decreased 
G0/G1, S, and G2/M cell proportions. By targeting ErbB2, 
ErbB3, and AKT, miR-326 inhibits the PI3K/AKT signal-
ing pathway and affects the malignant biological behaviors 
of BC cells [16].

Taken together, the above results indicate that 
miR-326 may serve as a tumor suppressor. It is involved 
in many signaling pathways, participates in the regulation 
of tumor-cell biological processes by acting as a target 
or targeting related genes, and affects cell proliferation, 
apoptosis, migration, invasion, and drug resistance in vari-
ous female cancers. However, the interaction mechanisms 
between miR-326 and target genes require further explo-
ration.

V. miR-326 in Intrauterine Adhesion (IUA)
IUA is essentially a fibrotic endometrial disease 

caused by the deposition of collagen fibers in the uterine 
owing to severe damage and repair of the endometrium. 
IUA, also known as Ashermaii syndrome, can lead to 
hypomenorrhea, amenorrhea, secondary sterility, and recur-
rent pregnancy loss, extremely affecting women’s health 
and fertility [13, 64]. At present, IUA pathogenesis lacks 
systematic understanding. No ideal therapeutic strategy has 
been established to date. miR-326 can regulate the expres-
sion of fibrosis-related genes such as MMP-9 and Smad7, 
so it participates in the pathogenesis of pulmonary fibrosis 
[9]. Ning et al. proposed the involvement of miR-326 in 
IUA. They found that miR-326 expression in endometrial 

tissues of IUA is lower than that of normal endometrial 
tissues and negatively correlated with the expression of 
fibrotic markers (TGF-β1, α-SMA, COL1A1, and FN). 
Furthermore, a luciferase reporter assay has proven that 
TGF-β1 is a direct target of miR-326. TGF-β, as the most 
prominent factor in EMT, is involved in organ fibrosis. This 
finding suggests that miR-326 could protect endometrial 
stromal cells from fibrosis by negatively regulating the 
TGF-β1/Smad3 pathway [40]. Additionally, miR-326 is 
associated with the pathogenesis of pulmonary fibrosis and 
liver fibrosis [32, 60]. Multiple studies have shown that the 
NF-κB, TGF-β1/Smad, and wnt/β-catenin signaling path-
ways are classic pathways related to endometrial fibrosis 
and IUA [10, 37, 61]. miR-326 may affect the process of 
endometrial fibrosis by regulating central factors affecting 
these pathways. Therefore, more work is needed to investi-
gate the potential role of miR-326 in IUA treatment.

VI. miR-326 in Female-related Autoimmunity 
Disease

ADs are a type of disorders characterized by the 
body’s immune response to autoantibody resulting in dam-
age to its tissues or organs. Women have a high incidence 
of up to 80% among AD patients [50]. Genetic factors and 
environmental factors are involved in AD pathogenesis, but 
the exact pathogenesis is presently unclear. In the miRNAs 
family, miR-326 is one of the research hotspots, and its 
role in ADs has gradually attracted attention. Many studies 
have shown that miR-326 is abnormally expressed in vari-
ous ADs.

Systemic lupus erythematosus (SLE)
SLE is a typical chronic AD involving multiple organs 

and systems. SLE is more common in women of childbear-
ing age and leads to adverse pregnancy outcomes, such as 
abortion, premature delivery, and intrauterine growth retar-
dation. Abnormal autoimmune tolerance plays a vital role 
in SLE pathogenesis, especially T-cell immune disorders. 
Regulatory T cells (Treg) plays an essential role in regulat-
ing the development of various ADs, including SLE [43, 
68]. Interleukin (IL) 17-producing T helper (Th17) cells are 
a new type of immune effector cells different from Th1/Th2 
cells, which primarily mediate the occurrence of AD and 
chronic inflammation by promoting the secretion of inflam-
matory cytokines, such as IL-17, IL-21, and IL-22 [38]. A 
previous research has proposed that Th17 cells play a cru-
cial role in most occurrences of AD and their development 
[25]. Sun et al. found that miR-326 expression in Treg cells 
in peripheral blood from patients with primary SLE abnor-
mally increases and is proportional to the disease severity. 
Simultaneously, the level of E26-transformation-specifc-1 
(Ets-1) is negatively correlated with miR-326 in SLE. Ets-1 
is a transcription factor with an essential part in regulating 
Th17 differentiation and immune responses. These data 
suggest that miR-326 may participate in the occurrence and 
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activity of SLE by inhibiting Ets-1 expression [55]. Dai et 
al. detected the mRNA expression of miR-326 and Ets-1 
and calculated the ratio of Thl7 cells to CD4+ T cells of 
40 patients with SLE. They also analyzed the expression 
levels of miR-326 and ETS-1 and the positive rate of 
Th17 cells association with the severity of lupus activity, 
system involvement, and clinical indicators. They found 
that miR-326 is involved in the pathogenesis of SLE by 
regulating Ets-1 expression and Th17 cell differentiation; 
it is also closely related to the clinical phenotype of SLE 
[8]. A study has demonstrated that miR-326 could regulate 
B-cell differentiation by enhancing B-cell hyperactivity via 
Ets-1 and promoting autoantibody production in the lupus 
disease of an animal module (MRL/lpr mice) [23, 59].

Multiple sclerosis (MS)
MS is an inflammatory AD of the central nervous sys-

tem characterized by brain and spinal-cord demyelination. 
In recent years, Th17 cells and Treg cells have been found 
to play an important role in MS development. Du et al. 
found that miR-326 expression is positively correlated with 
Th17 cells in peripheral blood lymphocytes of MS patients, 
and that CD4+ T cells are co-expressed with miR-326 
and IL-17A considered as a pro-inflammatory cytokine 
secreted by Th17 cell. Further experiments show that by 
silencing or overexpressing miR-326 in the mice with 
experimental autoimmune encephalomyelitis, the number 
of Th17 cells decreases or increases accordingly [11]. A 
study has demonstrated that miR-326 could bind to Ets-1, 
which functions as a Th17 negative transcription factor and 
prevents Ets-1 translation, eventually promoting Th17 cell 
differentiation and inflammatory response [64]. Junker and 
his colleagues discovered that miR-326 is upregulated in 
active MS lesions and targets the 3'-UTR of CD47, thereby 
reducing CD47. The importance of CD47 is reflected by its 
inhibitory role for macrophages whose activity is closely 
related to MS progression [24]. Similarly, Honardoost 
et al. demonstrated upregulated miR-326 expression in 
40 relapsing-remitting MS (RR-MS) patients compared 
with patients in the remission phase and healthy individu-
als. Their results further suggest that miR-326 enhances 
Th17 cell differentiation during MS development by tar-
geting key factors (Smad1 and Smad4) in TGF-β signal-
ing [19]. Several studies have confirmed that miR-326 is 
highly expressed in the peripheral blood mononuclear cells 
(PBMC) of RR-MS patients compared with healthy con-
trols [58, 66]. However, the specific molecular mechanisms 
remain unclear. Niwald et al. observed elevated miR-326 
in sera of 72% of RR-MS patients, but no statistically 
significant differences exist between post-acute and stable 
remission phases [41].

Autoimmune thyroiditis
Autoimmune thyroid disease is a group of organ-

specific ADS caused by the exposure and activation of thy-
roid autoantigens owing to autoimmune disorder, including 

Graves’ disease and autoimmune thyroiditis (AIT). AIT 
is characterized by lymphocyte infiltration and follicular 
destruction of the thyroid [47]. Thyroid-specific antibodies 
(TPOAb and TgAb) significantly increase in the serum, 
and high levels of TPOAb and TgAb are mostly present 
in female populations. AIT risk is higher among women 
than men [49]. Patients with AIT are often accompanied 
by other ADs, such as MS, T1DM, and rheumatoid arthri-
tis. Th17 cell differentiation and maturation are reportedly 
associated with numerous cytokines and other factors, 
including miR-326 [14, 53, 63]. Zhao et al. investigated 
55 AIT patients and 23 healthy volunteers. They found 
that the expression levels of miR-326 and Th17 in PBMC 
and thyroid tissue of AIT patients are higher than those 
in healthy controls, and the expression levels of miR-326 
and Th17 are significantly negatively correlated with Ets-1 
expression. They further demonstrated that the inhibition 
of miR-326 results in decreased inflammation and down-
regulation of the expression levels of Th17 cell-related 
cytokines (IL-17a, IL-22) and transcription factors (Rorgt, 
Rora, and Irf4). However, reduced miR-326 expression 
upregulates the protein expression of Ets-1, disintegrin 
and metalloproteinase-17 (ADAM-17) by using a mouse 
model of AIT (NOD.H-2h4). These data further confirm 
that miR-326 could affect the differentiation of Th17 cells 
and participate in the inflammatory response of AIT by tar-
geting the regulation of Ets-1 and ADAM17 [69]. Recently, 
Liu et al. conducted a study involving 58 Hashimoto’s thy-
roiditis (HT) patients and 55 normal controls. They found 
that compared with healthy controls, miR-326 expression in 
PBMCs of HT patients is significantly upregulated. After 
miR-326 overexpression or inhibition in PBMC in vitro, 
ADAM-17 expression significantly decreases or increases, 
respectively. Thus, miR-326 exerts a negative regulatory 
effect on ADAM-17. ADAM-17 is proven to be a target 
of miR-326 and affects the differentiation and maturation 
of Th17 cell by blocking IL-23/IL-23R/pSTAT3 signal-
ing pathway. In brief, miR-326 could regulate the IL-23/
IL-23R/Th17 cell axis in HT and promote disease progres-
sion by targeting ADAM17 [36].

Immune thrombocytopenia (ITP)
ITP is an acquired AD characterized by accelerated 

platelet destruction and decreased peripheral platelet count 
[28]. It is common in women of childbearing age. Although 
the antiplatelet antibody resulting in overdestruction of 
platelets may be prominent in ITP pathophysiology, T-
lymphocyte-mediated immune disturbance may also play 
an important role in its pathogenesis and disease progres-
sion. At present, literature about miR-326 in ITP is scant. 
Yu et al. showed that miR-326 transfected into leukocyte-
depleted apheresis platelets can promote platelet apoptosis 
by targeting the anti‐apoptotic Bcl‐xL gene, but it could not 
induce platelet activation [65]. Moreover, Liu et al. inves-
tigated the expression of a series of miRNAs (miR-326, 
miR-181a, miR-146a, and miR-142-3p) in PBMCs of 
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patients with ITP. They found that three of miRNAs includ-
ing miR-326 significantly decrease compared with the con-
trol group. Hence, miR-326 acts as an immune-related 
microRNA, playing an essential role in ITP pathogenesis 
[34]. These results provide a basis for an in-depth under-
standing of the regulation mechanism of miR326 in TIP.

Diabetes type 1 (T1DM)
T1DM is an AD that occurs in individuals with a 

genetic predisposition under the combined action of genetic 
and environmental factors. The destruction of islet β cells 
and the inflammation of islet cells are its main patho-
logical features, and these phenomena lead to insufficient 
insulin secretion and eventual development into diabetes. 
Sebastiani et al. indicated that miR-326 expression is 
abnormally elevated in T1DM patients and nearly related 
to the expression level of autoantibodies (GADA and/or 
IA-2A) in peripheral blood. miR-326 expression level has 
also been suggested to reflect disease severity [53]. Epi-
demiological studies have confirmed that vitamin D is 
significantly related to T1DM. miR-326 upregulation can 
target VDR and inhibit its expression in immune cells, 
enhance T cell activity, and induce T1DM [17, 26, 48]. 
Azhir et al. also found that miR-326 is over-expressed in 
patients with T1DM compared with healthy individuals. 
Interestingly, their results show that miR-326 expression 
is higher in patients with age at disease onset of below 
14 years old than in those with age at disease onset of 
more than 14 years old. Patients with 5–10 years of disease 
duration also present higher miR-326 expression. Besides, 
Azhir et al. confirmed that multiple genes (TBX21, CD69, 
CYCS, and IKZF2) are specific targets of miR-326 in 
T1DM [1]. These data provide new therapeutic targets 
for autoimmune diabetes. A study on the role and mecha-
nism of miR-326 targeting the negative regulation of IgG 
FcγRIII in the immune damage of diabetic nephropathy is 
ongoing. With the development of mechanism research, 
we may discover more value of miR-326 in treating 
immune diseases.

In summary, miR-326 is abnormally expressed in var-
ious ADs. By regulating its target genes, miR-326 affects 
various cytokines or transcription factors, promotes lym-
phocyte differentiation, and participates in the occurrence 
and development of ADs. However, the occurrence of 
AD is the result of a combination of multiple factors. In 
different ADs, miR-326 has different targets and immune-
system regulation mechanisms, thereby requiring further 
future investigations.

VII. Conclusions
We discuss the involvement of miR-326 in female-

related cancers and ADs, including related genes and sig-
nificant signaling pathways. miR-326 may serve as a tumor 
suppressor by regulating target genes and pathways. It 
may also play a crucial role in promoting lymphocyte dif-

ferentiation and the pathogenesis of many common ADs. 
Targeting miR-326 or combining traditional therapy with 
miR-326 mimics may be accepted as a new treatment strat-
egy in these autoimmune and malignant diseases. More-
over, given that miR-326 expression is closely associated 
with tumor prognosis and disease state, it can also act as a 
useful prognostic indicator. However, more work is needed 
to explore the concrete regulation mechanisms between 
miR-326 and these diseases.
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