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A B S T R A C T   

Long non-coding RNA (lncRNA), a subgroup of ncRNA with a length of more than 200 nt without protein coding 
function, has been recognized by the academia for its mediating effects of dysregulated expression on the 
tumorigenesis and development of a variety of tumors. LncRNA DiGeorge syndrome critical region gene 5 
(DGCR5), originally found to induce DiGeorge syndrome, has been confirmed to be extremely dysregulated in 
multiple tumors, which mediates the malignant phenotypes of hepatocellular carcinoma, pancreatic cancer, lung 
cancer, etc. through the regulation of Wnt/β-catenin, MEK/ERK1/2 and other cancerous signaling pathways as a 
molecular sponge. Researches on the cancerous derivation-related pathways involved in DGCR5 can provide 
potential molecular intervention targets for tumor precision treatment. Moreover, liquid biopsy based on the 
detection of DGCR5 in body fluids is also expected to provide a non-invasive evaluation method for the early 
diagnosis and prognostic evaluation of malignant tumors.   

1. Introduction 

The development of high-throughput sequencing technology has 
pushed lncRNA, the "noise" of genome transcription, to a new stage of 
molecular biology. More and more studies have confirmed that lncRNA 
can participate kinds of biological behaviors such as chromatin modi-
fication, transcription rate limiting, alternative splicing, etc. and have 
become potential regulatory sites for cell metabolism and cancerous 
derivation [1–3]. Through the research and analysis of molecular 
biology experimental techniques and related cancer databases, the 
dysregulated effect of lncRNA in diversiform tumors has been gradually 
confirmed, and it can be used as a potential target for early diagnosis, 
precise therapy and prognostic evaluation of related tumors [4,5]. 

DiGeorge syndrome critical region gene 5 (DGCR5) is located in 
human chromosomal region 22q11. It was originally used as an alter-
native splicing transcript without obvious protein coding ability for the 
DGCR region during human/mouse embryonic development. The gene 
serves as a disruptive site for chromosome balanced translocation and 
can induce changes in gene transcription in adjacent regions, thereby 
inducing DiGeorge syndrome [6]. With the continuous deepening of 
research, it has been found that DGCR5 can participate in the osteogenic 
differentiation of the mesenchymal stem cells in bone marrow [7], 
inhibiting hypoxia-induced cardiomyocyte apoptosis [8], as well as 
improving neuropathic pain [9]and neuronal apoptosis caused by acute 
spinal cord injury [10]. Furthermore, several studies in recent years 
have shown that DGCR5, dysregulated in a variety of tumor tissues, can 
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participate in regulating the malignant biological phenotypes of tumor 
cells through endogenous molecular sponge effect, Wnt/β-catenin and 
MEK/ERK1/2 signaling pathway activation, etc. (Shown in Table 1). 
The continuous deepening research on it will provide guidance for the 
clinical monitoring and therapy of malignant tumors. 

2. DGCR5 on digestive system tumors 

2.1. Hepatocellular carcinoma 

As the third most common cause of cancer-related deaths, hepato-
cellular carcinoma also ranks sixth in terms of incident cases worldwide 
[11]. Meanwhile, it is also the second most deadly malignant tumor after 
pancreatic cancer with a five-year survival rate of 18% [12], causing 
about one million deaths in 2030 according to the estimate of the World 
Health Organization [13]. Surgical resection and liver transplantation 
can be used for early radical treatment of HCC. However, due to the 
insidious nature of the onset of HCC, most patients have lost the chance 
of radical treatment for the advanced stage of the disease at the time of 
diagnosis [14]. Therefore, it is necessary to seek ideal plans for the 
palliative treatment of advanced HCC. 

Propofol, a widely used intravenous anesthetic in clinical practice 
[15], has been found to exhibit excellent anti-cancer activity in multiple 
malignant tumors, inhibiting the invasion and metastasis, as well as 
inducing apoptosis of tumor cells [16–20]. Treatment with 5 μg/ml 
propofol for 48 h can significantly reduce the activity and induce 
apoptosis of HCC cells, while inhibiting the ability of metastasis and 
invasion, exerting active anti-cancer efficacy. The aberrant 
low-expression of DGCR5 in HCC pathological tissues and cell lines is 
confirmed by qRT-PCR. Propofol can induce the upregulation of DGCR5 
in HCC cells, thereby activating its negative regulation of downstream 
molecules (p/t-Raf1, p/t-ERK1/2, Wnt3α, β-catenin), antagonizing the 
malignant biological behavior of HCC by mediating the targeted 
blocking of Raf1/ERK1/2 and Wnt/β-catenin signaling pathways [21]. 
Wang et al. [22] confirm that DGCR5 in HCC pathological tissues is 
significantly downregulated compared with that of adjacent normal 
tissues by analyzing the Oncomine database. DGCR5 exogenously 
upregulated by the overexpression vector can inhibit the proliferation 
and metastasis of tumor cells and limit the growth rate of xenograft 
tumors in nude mice. Mechanically, the overexpressed DGCR5 can 
negatively regulate β-catenin and Cyclin D1 proteins, as well as inducing 
the upregulation of glycogen synthase kinase 3β (GSK-3β), an inhibitor 
of the Wnt/β-catenin signaling pathway, thereby exerting its own tumor 
suppressor effect. In addition, the molecular sponge effect of DGCR5 in 
HCC cells is worthy of attention, which can positively regulate the 
expression of its downstream target, the tumor suppressor Kruppel like 
factor 14 (KLF14), by targeted adsorption of miR-346, and subsequently 
antagonizes the malignant biological phenotypes of tumor cells by 
mediating the synchronous expression of KLF14 [23]. 

2.2. Gallbladder cancer 

Gallbladder cancer is a malignant tumor originating from the gall-
bladder epithelium, with the characteristics of high malignancy, strong 
infiltration, and prone to lymphatic metastasis, whose incidence ac-
counts for 80%–95% of biliary system tumors [24,25]. According to the 
latest global tumor epidemiology survey, there are approximately 220, 
000 new gallbladder cancer patients in 2018, and more than 150,000 
patients died of it [26]. Emerging clinical treatment targets and early 
diagnosis biomarkers will give promising results to patients with 
advanced gallbladder cancer. 

DGCR5 in gallbladder cancer is significantly upregulated compared 
with that in paracancer tissues and bile duct epithelial cells. It is 
confirmed that exogenous silencing of DGCR5 can dramatically restrain 
the proliferation and metastasis of tumor cells, inducing apoptosis and 
cell cycle arrest, and limits the growth rate of xenograft tumors in nude 

mice in vivo. Mechanically, DGCR5 can competitively bind to miR- 
3619–5p and mediate its expression inhibition, thereby upregulating the 
phosphorylation level of its downstream target proteins MEK, ERK1/2, 
JNK, p38-MAPK without affecting the expression of proteins themselves. 
Therefore, MEK/ERK1/2 and JNK/p38 MAPK signaling pathways have 
become key channels for DGCR5 to mediate the malignant biological 
behaviors of gallbladder cancer cells. Notably, si-DGCR5 and the in-
hibitors of ERK1/2 and p38-MAPK all show ideal onco-suppressive ef-
fects in vitro and vivo, which can provide potential targets for related 
treatment of gallbladder cancer [27]. 

2.3. Pancreatic cancer 

Pancreatic ductal adenocarcinoma (PDAC) has one of the worst 
prognosis of all types of cancer, whose rising incidence indicates that it 
will become the second most deadly malignant tumor after lung cancer 
in 2030 [28]. About 80% of PDAC patients have developed locally 
advanced or metastatic diseases at the time of initial diagnosis, and have 
lost the opportunity for radical tumor treatment. Combined with the 
clinical statistical data of each stage, the 5-year survival rate of PDAC is 
less than 9% [29]. Consequently, the effective screening and precise 
treatment strategy for PDAC will undoubtedly reduce patient’s compli-
cations and improve clinical prognosis [30]. 5-FU mediates the cyto-
toxicity, either by interfering with the basic cell biosynthesis process by 
inhibiting the effect of thymidylate synthase, or by misincorporating its 
metabolites into RNA and DNA [31]. However, the high drug resistance 
of tumor cells after clinical chemotherapy has become the biggest 
shackle that limits its efficacy [32]. 

DGCR5 is extremely downregulated in the pathological tissues and 
cell lines of PDAC. Compared with parental cells, 5-FU resistant cells (5- 
FU resistant HPAC, 5-FU resistant PANC-1) cultivated with HPAC and 
PANC-1 cells have lower DGCR5 expression. On the one hand, si-DGCR5 
can induce 5-FU resistance of HPAC/PANC-1, and on the other hand, it 
can further strengthen the chemotherapy resistance of 5-FU resistant 
HPAC/PANC-1. In terms of mechanism, DGCR5 can act as an endoge-
nous molecular sponge to adsorb miR-320 and inhibit its expression, 
thereby antagonizing the negative regulation of miR-320 on the 
expression of its downstream target gene programmed cell death 4 
(PDCD4), which involves in mediating the inhibition of proliferative, 
metastatic and invasive capacity, as well as epithelial-mesenchymal 
transition (EMT) of PDAC cells as a tumor-suppressor [33]. Similar to 
the results of the above studies, Li et al. [34] also reveal the regulation 
mechanism of DGCR5 as a molecular sponge to participate in the 
tumorigenesis and development of pancreatic cancer: by combining 
with BCL2 interacting protein 3 (BNIP3) 3′UTR, miR-27a-3p mediates 
the targeted inhibition of its expression. DGCR5 participates in the 
negative regulation of miR-27a-3p, which induces the isochronous 
expression with BNIP3 and further induction of the p38 phosphorylation 
and MAPK signaling pathway activation, thereby achieving the 
apoptosis of tumor cells and the growth inhibition of xenograft tumors in 
nude mice. Different from the above studies, Liu [35] et al. have 
confirmed that DGCR5 is upregulated in pancreatic cancer pathological 
tissues, which contributes to advanced histological grade and TNM 
stage, lymphatic invasion and distant metastasis. Mechanically, paired 
box 5 (PAX5), highly expressed in pancreatic cancer, can be used as a 
transcription factor to positively activate the expression of DGCR5, 
which can be used as a ceRNA to inhibit the expression of oncogenic 
factor topoisomerase 2-alpha (TOP2A) by targeting miR-3163. Upre-
gulated TOP2A can promote the proliferation, metastasis, invasion and 
EMT of pancreatic cancer cells by stimulating the Wnt/β-catenin 
signaling pathway, as well as inhibiting the apoptosis and G0/G1 cell 
cycle arrest of tumor cells. Moreover, the highly expressed DGCR5 can 
participate in the gemcitabine resistance of pancreatic cancer, showing a 
severely weakened growth inhibitory effect. The above-mentioned 
distinct expression of DGCR5 may be attributed to the unique molecu-
lar characteristics of different pathological types of pancreatic cancer. 
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Table 1 
The regulation mechanisms of DGCR5 on malignant tumors.  

Cancer types Clinical Samples Assessed cancer 
cell lines 

Expression Related genes and 
pathways 

Biological significance in vitro Biological 
significance in 
vivo 

Reference 

Hepatocellular 
carcinoma 

20 paired tissues Huh-7, HepG2 Downregulated Raf1/ERK1/2 
signaling, Wnt/ 
β-catenin signaling 

Migration (-), Invasion (-), 
Apoptosis (+) 

/  21 

225 HCC samples, 
220 normal lung 
samples from 
Oncomine database 

HepG2, SNU-449 Downregulated Cyclin D1, GSK-3β, 
Wnt/β-catenin 
signaling 

Migration (-), Invasion (-), 
Proliferation (-) 

Tumor Growth 
(-)  

22 

/ SMCC7721, 
Hep3B, 
HepG2, MHCC- 
97 L, MHCC-97 
H, SNU449 

Downregulated miR-346/KLF14 Migration (-), Invasion (-), 
Proliferation (-) 

/  23 

Gallbladder 
cancer 

21 paired tissues NOZ, SGC-996, 
GBC-SE, OCUG 

Upregulated miR-3619–5p, MEK/ 
ERK1/2 signaling, 
JNK/p38 MAPK 
signaling 

Migration (+), Invasion (+), 
Proliferation (+), Apoptosis (-) 

Tumor Growth 
(+)  

27 

Pancreatic cancer 30 paired tissues PANC-1, 
SW1990, MIA 
PaCa-2, BxPC-3, 
HPAC 

Downregulated miR-320a/PDCD4 Migration (-), Invasion (-), 
Proliferation (-), EMT (-), 
Chemoresistance (-) 

/  33 

20 paired tissues SW1990, PANC-1 Downregulated miR-27a-3p/BNIP3, 
p38, MAPK signaling 

Apoptosis (+) Tumor Growth 
(-)  

34 

38 paired tissues Mia PaCa-2, 
PuTu8988, 
PANC1 

Upregulated PAX5/DGCR5/miR- 
3163/TOP2A, Wnt/ 
β-catenin pathway 

Migration (+), Invasion (+), 
Proliferation (+), Apoptosis (-), 
EMT (+), Cell cycle arrest (-), 
Chemoresistance (+) 

Tumor Growth 
(+)  

35 

Gastric cancer 96 paired tissues SGC-7901, MGC- 
803, HGC-27, 
AGS 

Downregulated miR-23b/BTG1 Migration (-), Invasion (-), 
Proliferation (-), Apoptosis (+) 

/  37 

102 paired tissues AGS, MGC803, 
HGC27, SGC7901 

Upregulated / Migration (+), Proliferation (+), 
Glucose uptake (+) 

/  38 

Laryngeal 
carcinoma 

/ Hep-2R Upregulated miR-195 Proliferation (+), 
Radioresistance (+) 

Tumor Growth 
(+)  

44 

/ Hep-2R Upregulated Sxo2, Nanog, Oct4, 
miR-506, β-catenin, 
CyclinD1, GSK-3β, 
Wnt/β-catenin 
signaling 

Stemness (+), Radioresistance 
(+) 

Tumor Growth 
(+)  

45 

Lung cancer / A549, H460, 
H1299 

Upregulated Sox2, Nanog, Oct4, 
miR-330–5/CD44 

Stemness (+) /  50 

48 paired tissues H520, H157, 
SKMES1, H460, 
A549, H1299 

Downregulated miR-1180, AKT, GSK- 
3β, β-catenin 

Migration (-), Invasion (-), 
Proliferation (-) 

/  54 

24 paired tissues A549 Downregulated hsa-miR-873–5p/ 
TUSC3 

Migration (-), Invasion (-), 
Proliferation (-), Apoptosis (+) 

Tumor Growth 
(-)  

55 

/ A549, H460, 
H1299 

Upregulated hsa-mir-22–3p, BAX, 
Cleaved-caspase-3 

Proliferation (+), Apoptosis (-) Tumor Growth 
(+)  

51 

/ A549, H1299 Downregulated DGCR5/miR-211–5p/ 
EPHB6 

Migration (-), Invasion (-), 
Proliferation (-) 

Tumor Growth 
(-)  

52 

54 paired tissues SPCA1, H1299, 
PC-9, H358 

Upregulated DGCR5/miR-218–5p Migration (+), Invasion (+) /  53 

Clear cell renal 
cell carcinoma 

/ A498, 786-O Upregulated EGFR Proliferation (+), Apoptosis (-), 
Cell cycle arrest (-) 

Tumor Growth 
(+)  

56 

Bladder cancer 31 paired tissues T24, 5637, 
SW780, RT4, UM- 
UC-3 

Downregulated p21, ARID1A Migration (-), Invasion (-), 
Proliferation (-), Apoptosis (+), 
Cell cycle arrest (+) 

Tumor Growth 
(-)  

57 

Prostate cancer 64 paired tissues 22Rv1, DU145 Downregulated TGF-β Stemness (-) /  58 
Ovarian cancer 66 paired tissues / Downregulated / / /  61 
Cervical cancer / MS751, SiHa, 

HeLa, HT-3 
Downregulated GSK-3β, Wnt/β-catenin 

signaling 
Proliferation (-), Apoptosis (+) Tumor Growth 

(-)  
64 

/ HeLa, HCC94, 
HT-3, Caski, SiHa 

Downregulated mTOR signaling Migration (-), Invasion (-), 
Proliferation (-), Apoptosis (+) 

Tumor Growth 
(-)  

65 

Glioma 36 paired tissues U251, LN229, 
A172, U87 

Downregulated / Migration (-), Invasion (-), 
Proliferation (-), EMT (-), 
Apoptosis (+), Cell cycle arrest 
(+) 

Tumor Growth 
(-)  

66 

28 paired tissues LN229, 
U251-MG, 
SHG44, T98G 

Downregulated NF-κB/DGCR5/miR- 
21/Smad7/TGFβ1 
signaling, DGCR5/miR- 
23a/PTEN/PI3K/AKT 
signaling 

Migration (-), Invasion (-), 
Proliferation (-), EMT (-), 
Apoptosis (+) 

Tumor Growth 
(-)  

67 

35 paired tissues Downregulated / Immune activation (+) /  68 

(continued on next page) 
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The contrasting molecular profiles that may exist in each cancer cell are 
worthy of further exploration; additionally, discrepancies in environ-
mental factors may also contribute to opposite expression of DGCR5. 
Therefore, when using DGCR5 as a diagnostic biomarker or therapeutic 

target for pancreatic cancer, its specific pathological type should be 
prudently considered. 

Table 1 (continued ) 

Cancer types Clinical Samples Assessed cancer 
cell lines 

Expression Related genes and 
pathways 

Biological significance in vitro Biological 
significance in 
vivo 

Reference 

LN229, 
A172, U251, U87 

Triple-negative 
breast cancer 

57 paired tissues MCF-7, LCC9, T- 
47D, SKBR3 

Upregulated Wnt3a, C-myc, 
Survivin, Wnt/ 
β-catenin signaling 

Migration (+), Invasion (+), 
Proliferation (+) 

Tumor Growth 
(+)  

69 

Papillary thyroid 
carcinoma 

519 samples TPC1 Downregulated miR‑2861 Invasion (-), Proliferation (-) /  70 

BAX, BCL2 associated X, apoptosis regulator; BNIP3, BCL2 interacting protein 3; BTG1, BTG anti-proliferation factor 1; EGFR, epidermal growth factor receptor; EMT, 
epithelial-mesenchymal transition; EPHB6, EPH receptor B6; GSK-3β, glycogen synthase kinase 3β; KLF14, Kruppel like factor 14; PDCD4, programmed cell death 4; 
PTEN, phosphatase and tensin homolog; TGF-β, transforming growth factor-β; TUSC3, tumor suppressor candidate3. 

Fig. 1. The regulatory network of DGCR5 on digestive system tumors. BNIP, BCL2 interacting protein; EMT, epithelial-mesenchymal transition; DGCR5, DiGeorge 
syndrome critical region gene 5; GSK-3β, glycogen synthase kinase 3β; KLF14, Kruppel like factor 14; PDCD4, programmed cell death 4. 
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2.4. Gastric cancer 

Gastric cancer is the fifth most diagnosed malignant tumor in the 
world, with more than one million new cases occurring every year. 
Meanwhile, it is also the third leading cause of cancer-related deaths 
attributed to the high mortality, which causing approximately 784,000 
deaths worldwide in 2018 [36]. Therefore, exploring molecular bio-
markers used for early diagnosis of gastric cancer and the potential 
therapy targets have become an urgent need to improve the clinical 
prognosis of patients. 

DGCR5 is abnormally downregulated in the pathological tissues of 
gastric cancer and the plasma of patients, and its expression level is 
significantly correlated with tumor TNM stage, the depth of tissue in-
vasion, and lymph node metastasis, which can be the potential predictor 
for early diagnosis and grade evaluation of gastric cancer. Mechanically, 
DGCR5, as a competing endogenous RNA (ceRNA), can mediate the 
derepression of its downstream target proteins phosphatase and tensin 
homolog (PTEN) and BTG anti-proliferation factor 1 (BTG1) by 
competitively binding miR-23b, thereby mediating them to exert their 
anti-tumor effect by antagonizing the proliferation and metastasis of 
tumor cells, as well as inducing apoptosis [37]. Interestingly, different 
from the above studies, Ni et al. [38] reveal that DGCR5 is overexpressed 
in gastric cancer pathological tissues, which is significantly correlated 
with tumor lymph node metastasis and TNM stage. Exogenous silencing 
of DGCR5 by siRNA can inhibit the proliferation and metastasis of 
gastric cancer cells, also suppressing the extracellular glucose uptake of 
tumor cells. 

2.5. Colorectal cancer 

MiR-21 is a potential participant in a variety of tumorigenesis, whose 
dysregulation contribute to the proliferative stimulation of tumor cells, 
as well as inactivating cytotoxic chemotherapeutics, such as gemcita-
bine, 5-FU, temozolomide, etc. Huang et al. [39] have confirmed that 
DGCR5 can antagonize the rapid proliferation of colorectal cancer (CRC) 
cells activated by overexpressed miR-21, and its expression levels are 
negatively correlated with advancing clinical stages. The exogenous 
upregulation scheme for the substantially low expression of DGCR5 in 
CRC will be expected to promote the treatment progress mainly based on 
miR-21 targeted inhibition. The regulatory network of DGCR5 on 
digestive system tumors is shown in Fig. 1. 

3. DGCR5 on respiratory system tumors 

3.1. Laryngeal carcinoma 

Laryngeal carcinoma is the second most common respiratory cancer, 
of which squamous cell carcinoma accounts for more than 95%. Over 
150,000 new cases of laryngeal carcinoma can be diagnosed each year 
[40], and the incidence rate has increased year by year [41]. According 
to statistics, there were 177,422 new cases worldwide in 2018, of which 
94,771 died [27]. Radiotherapy, as a common treatment for malignant 
tumors, plays a vital role in reducing postoperative recurrence/meta-
stasis and improving patient survival rate [42]. However, the high 
resistance of laryngeal carcinoma to radiotherapy is an important factor 
that impairs the efficacy [43]. Therefore, it is particularly of vital 
importance to identify the genes and molecular pathways involved in 
radiotherapy resistance. 

Tang et al. [44] reveal that the highly expressed DGCR5 in the 
radioresistant laryngeal cancer cells Hep-2R can mediate its malignant 
biological behavior through the targeted expression inhibition of 
miR-195. Si-DGCR5 can significantly inhibit the proliferation of Hep-2R 
cells and enhance their radiosensitivity, as well as inhibiting the growth 
of xenograft tumors in nude mice in a time-dependent manner effec-
tively. The team continues to conduct related research about the regu-
lation of DGCR5 on Hep-2R cells phenotype in the second year: Hep-2R 

cells are endowed with strong CSCs-like characteristics due to their 
high-expression of cancer stem cells (CSCs) markers (Sxo2, Nanog, 
Oct4). On the one hand, knockdown of DGCR5 can enhance the radio-
sensitivity of Hep-2R cells. On the other hand, it can inhibit the 
expression of Sxo2, Nanog, Oct4, reducing the volume of Hep-2R stem 
cell suspended spheres and the percentage of stem-like cells. Mechani-
cally, knocking down DGCR5 can mediate the disinhibition of its 
downstream molecule miR-506, and the highly expressed miR-506 can 
inhibit the expression of β-catenin and CyclinD1 protein, while pro-
moting the upregulation of GSK-3β, which inducing the targeted inhi-
bition of Wnt/β-catenin signal [45]. 

3.2. Lung cancer 

As the most common malignant tumor worldwide, lung cancer 
contributes to the leading cause of cancer-related death [27]. Small-cell 
lung carcinoma (SCLC) and non-small cell lung carcinoma (NSCLC), as 
the two main subtypes, account for 15% and 85% of all lung cancers, 
respectively [46]. Among them, SCLC is highly correlated with smoking, 
and adenocarcinoma, as a type of NSCLC, is the most common type of 
lung cancer, accounting for 40%–50% of all lung cancer cases [46,47]. 
According to statistics, the 5-year survival rate of lung cancer is only 
19% [48], whose low survival rate can be attributed to 50% of NSCLC 
patients with metastatic disease at the time of diagnosis [49]. Therefore, 
reliable early diagnosis biomarkers can play a vital role in timely 
detection in the early stage of the disease, greatly improving the cure 
rate of lung cancer and patient survival; meanwhile, the targeted inhi-
bition of the regulatory pathways of lung cancer is also the development 
direction of future cancer treatments. 

The lung cancer cells A549 suspended spheres isolated by the stem 
cell spheroidization experiment shows upregulation of Sox2, Nanog, 
Oct4, and DGCR5 is further overexpressed compared with the parental 
cells. Side population cells, as a specific cell subpopulation, exhibit 
typical stem cell characteristics. DGCR5 can mediate the derepression of 
its downstream target CD44 through sponging miR-330–5p, thereby 
increasing the positive rate of side population cells and inducing the 
stem-like characteristics of lung cancer cells [50]. The overexpression of 
DGCR5 in pathological tissues and cell lines of lung adenocarcinoma is 
confirmed by Oncomine database and qRT-PCR. Si-DGCR5 can induce 
the positive regulation of BCL2 associated X, apoptosis regulator (BAX), 
cleaved-caspase-3 through upregulating hsa-mir-22–3p, then inhibits 
the proliferation of tumor cells and induces apoptosis, as well as sup-
pressing the growth rate of xenograft tumors in nude mice in a 
time-dependent manner [51]. Similar to the above results, the studies of 
Kang et al. [52] and Wang et al. [53] respectively describe the mecha-
nism of DGCR5 involving in the regulation of the tumorigenesis and 
development of lung cancer through DGCR5/miR-211–5p/EPH receptor 
B6 (EPHB6) and DGCR5/miR-218–5p axis, which provide potential 
targets for early diagnosis and molecular therapy of lung cancer in the 
future. Differently, the results of Chen et al. [54] point to the 
low-expression of DGCR5 in lung cancer pathological tissues and pa-
tient’s serum. In terms of mechanism, DGCR5 can negatively regulate 
the expression of miR-1180 as a ceRNA, and antagonize the tumori-
genesis and development of lung cancer by inhibiting AKT ser-
ine/threonine kinase, GSK-3β, β-catenin. Luo et al. [55] confirm that the 
expression of DGCR5 is significantly negatively correlated with tumor 
volume, lymph node metastasis and distant metastasis. The overex-
pressed DGCR5 can restrain the proliferative and metastatic capacity of 
tumor cells, as well as inducing apoptosis, while limiting the growth 
activity and metastasis tropism of xenograft tumors in nude mice. This 
study further reveals the molecular pathway of DGCR5 mediating the 
upregulation of tumor suppressor candidate3 (TUSC3) through the tar-
geted suppression of hsa-miR-873–5p. The regulatory network of 
DGCR5 on respiratory system tumors is shown in Fig. 2. 

H. Xia et al.                                                                                                                                                                                                                                      



Biomedicine & Pharmacotherapy 141 (2021) 111889

6

4. DGCR5 on genitourinary system tumors 

4.1. Clear cell renal cell carcinoma 

Homologous analysis, LNCipedia, and HUGO Gene Nomenclature 
Committee and other bioinformatics techniques all point to the high- 
expression of DGCR5 in clear cell renal cell carcinoma (ccRCC). Exog-
enous silencing of DGCR5 by siRNA can inhibit the proliferation of 
ccRCC cells, increasing the ratio of apoptotic cells and inducing cell 
cycle arrest, and also exhibits a good inhibitory effect on the growth of 
xenograft tumors in nude mice. Further studies have confirmed that 
DGCR5 can participate in the expression regulation by binding to 
epidermal growth factor receptor (EGFR) protein at the post- 
translational level, but does not have a regulatory effect on EGFR 
mRNA [56]. 

4.2. Bladder cancer 

DGCR5 is downregulated in bladder cancer pathological tissues and 
tumor cell lines. DGCR5 can mediate the proliferation, metastasis and 
invasion inhibition of tumor cells, also inducing apoptosis and cell cycle 
arrest through recruiting ARID1A in the p21 promoter region to activate 

its mRNA transcription. Meanwhile, the xenograft tumors of nude mice 
in the DGCR5 ectopic expression group show a remarkable growth 
inhibitory effect compared to the control group [57]. 

4.3. Prostate cancer 

The expression of DGCR5 in the pathological tissues of prostate 
cancer is observably lower than that in the adjacent normal tissues, and 
the 5-year overall survival rate of patients with DGCR5 low-expression is 
markedly reduced. In vitro, overexpressed DGCR5 can inhibit the mRNA 
and protein expression of its downstream target transforming growth 
factor-β (TGF-β), while reducing the percentage of prostate cancer stem 
cells (CD133 +) [58]. 

4.4. Ovarian cancer 

Ovarian cancer is not only the seventh most common cancer among 
women worldwide, but also the second most common malignancy after 
breast cancer among women over 40 [59]. Although the survival rate 
has improved in recent decades, two-thirds of patients still die within 10 
years after diagnosis, and the 5-year survival rate of patients with 
advanced invasive epithelial ovarian cancer is less than 20% [60]. 

Fig. 2. The regulatory network of DGCR5 on respiratory system tumors. BAX, BCL2 associated X, apoptosis regulator; DGCR5, DiGeorge syndrome critical region 
gene 5; EPHB6, EPH receptor B6; GSK-3β, glycogen synthase kinase 3β. 
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Consequently, the increase in the early diagnosis rate of ovarian cancer 
shows vital importance. 

It is confirmed by qRT-PCR and NCBI Gene Expression Omnibus 
(GEO) database that DGCR5 is signally downregulated in the patho-
logical tissues of ovarian cancer compared to adjacent normal tissues, 
and the expression of DGCR5 in ovarian cancer patients with lymph 
node and/or distant metastatic is further downregulated compared with 
patients without metastasis, which is also significantly related to tumor 
volume, TNM stage, lymph node and distant metastasis [61]. 

4.5. Cervical cancer 

Cervical cancer is one of the fourth most common cancer in women 
worldwide [62], with 530,000 new cases and 270,000 deaths estimated 
each year. Although surgery is the standard treatment for early cervical 
cancer, the prognosis is poor due to the high recurrence rate of cervical 
cancer [63]. Therefore, it is urgent to find molecular targets for adjuvant 
surgical treatment and assessment of patient prognosis. 

The expression level of DGCR5 in cervical cancer cells is significantly 
lower than that in cervical epithelial cells. Overexpressed DGCR5 can 
mediate the positive regulation of GSK-3β and the low-expression of 
β-catenin to achieve Wnt signaling pathway targeted inhibition, thereby 
suppressing the proliferation capacity of tumor cells and inducing 
apoptosis [64]. Similar to the findings of the above study, Yuan et al. 
[65] demonstrate the activation effect of downregulated DGCR5 in 
cervical cancer cells on the mTOR signaling pathway in vivo and vitro, 
suggesting that it can be taken advantaged as a potential target for early 
diagnosis and molecular therapy of cervical cancer and prognostic 
evaluation. 

5. DGCR5 on other tumors 

5.1. Glioma 

DGCR5 is extremely downregulated in Glioblastoma pathological 
tissues and tumor cell lines. Exogenously upregulating the expression of 
DGCR5 can suppress the viability, metastasis, invasion and EMT of 
tumor cells, as well as inducing G0/G1 cell cycle arrest and apoptosis, 
meanwhile performing a significant inhibitory effect on the growth of 
xenograft tumors in nude mice [66]. DGCR5 is extremely downregulated 
in glioma relative to adjacent tissues, whose expression level is nega-
tively correlated with histological stage. As a common transcription 
factor, NF-κB participates in mediating crucial characteristics related to 
mesenchymal differentiation, as well as targeting the DGCR5 promoter 
to inhibit its expression. DGCR5 is a tumor suppressor in glioma to 
antagonize the malignant biological behaviors of tumors: on the one 
hand, DGCR5 can be used as a molecular sponge to target miR-21, 
thereby liberating its downstream target Smad7, which restrains the 
metastasis, invasion and EMT of tumor cells by inhibiting TGFβ1 
signaling; on the other hand, DGCR5 can upregulate PTEN by adsorbing 
miR-23a. PTEN can suppress the activation of PI3K/AKT signaling 
through lipid phosphatase activity, thereby inhibiting the proliferation 
of glioma cells, as well as inducing apoptosis and slowing down the 
growth of xenografts in nude mice in vivo [67]. IDH mutation status 
contributes to the clinical outcome of glioma patients. The prognosis of 
IDH mutant glioma is significantly better than IDH wild-type glioma 
with similar grade. Wu [68] et al. have verified that compared with the 
downregulated DGCR5 in IDH wild-type glioma, DGCR5 is enriched in 
IDH mutant glioma. Consequently, DGCR5 can be taken advantaged as a 
biomarker for distinguishing IDH status in glioma, with the AUC in the 
TCGA and CGGA database are 71.4% and 69.4%, respectively. Further, 
DGCR5 is enriched in immune-related pathways, whose expression is 
negatively related to the majority of myeloid cells and stromal cells, and 
positively correlated with anti-tumor cells such as CD8 + T cells, 
mesenchymal stem cells and eosinophils, suggesting the noteworthy 
influence of DGCR5 upon the infiltration of stromal cells and immune 

cells in the tumor microenvironment. Furthermore, DGCR5 has also 
been confirmed to negatively interact with the immune checkpoints in 
glioma, including PD-1 (PDCD1), PD-L1 (CD274) and CTLA-4, et al., as 
well as the majority of immunosuppressive cell recruitment factors 
(tumor-associated neutrophils, recruit myeloid-derived suppressor cells, 
and tumor-associated macrophages). 

5.2. Triple-negative breast cancer 

The expression level of DGCR5 is positively related to the TNM stage 
and lymph node metastasis of triple-negative breast cancer. Si-DGCR5 
can inhibit the Wnt/β-catenin signaling pathway by negatively regu-
lating the expression of Wnt3a, β-catenin, C-myc and Survivin proteins, 
thereby inhibiting the proliferation, migration and invasion of tumor 
cells, as well as limiting the growth rate of xenograft tumors in nude 
mice and reducing the number of liver and lung metastasis nodules in 
vivo [69]. 

5.3. Papillary thyroid carcinoma 

In addition to confirming the aberrant low-expression of DGCR5 in 
the pathological tissues and tumor cell lines of papillary thyroid carci-
noma by qRT-PCT, Chen et al. [70] also reveal the potential mechanism 
of DGCR5 to inhibit tumor cell proliferation and invasion by negatively 
regulating the expression of its downstream target miR‑2861. The reg-
ulatory network of DGCR5 on other malignant tumors is shown in Fig. 3. 

6. The diagnostic or prognostic value of dysregulated DGCR5 

Owing to the insidious early onset and the inconspicuous clinical 
symptoms of malignant tumors, most patients are in the advanced stage 
of the disease at diagnosis, losing the opportunity for radical resection. 
Existing inspection methods, including MRI, enhanced CT, ultrasound 
and molecular pathology testing, are subject to economic burden and 
invasiveness, making it difficult to universally apply. Likewise, current 
biomarkers show poor diagnostic results due to the lack of sufficient 
sensitivity and specificity. In view of the mediation of dysregulated 
lncRNA on cancer-related pathways, abnormally expressed lncRNAs can 
be identified in tumor cells or biological fluids (such as serum, urine, 
saliva, etc.) as biomarkers for the diagnosis and prognosis of malignant 
tumors [71]. Growing evidences have confirmed that lncRNA PCA3 
(prostate cancer antigen 3) can be overexpressed by 60- to 100-fold in 
more than 90% of prostates and is undetectable in other tumor types 
[72–74]. Urinary PCA3 as a diagnostic biomarker has shown superior 
diagnostic efficacy to serum prostate specific antigen (PSA) and digital 
rectal examination, with a sensitivity of 58–82% and a specificity of 
56–76% [75]. Nowadays, urine PCA3 is widely used in prostate cancer 
detection and has been approved by the US Food and Drug Adminis-
tration (FDA) [76]. Therefore, lncRNA-based liquid biopsy, as an 
emerging non-invasive examination method, has shown ideal diagnostic 
and prognostic evaluation in many studies, which is expected to provide 
more detailed and personalized decision-making for cancer 
management. 

DGCR5 in HCC is notably related to cancer specific survival (CSS), 
and the 5-year survival rate of patients with low expression is lower than 
that of the high expression group (10.3% vs 36.6%). Juxtaposed with 
larger tumor and poor/undifferentiated grade, the low expression of 
DGCR5 is considered an important risk factor for poor prognosis ac-
cording to univariate analysis. Multivariate analysis points to Edmond-
son grade and DGCR5 as independent predictors of HCC prognosis. 
Additionally, DGCR5 can be used as an effective predictor to diagnose 
early HCC (AUC=0.782; sensitivity=0.633, specificity=0.833) [77]. 
The median survival of PDAC patients in the DGCR high-expression 
group was significantly better than that in the low-expression group 
(847days vs 541days), indicating the crucial value of DGCR5 in the 
prognostic evaluation of PDAC. According to the ROC curve analysis, 
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DGCR5 can also be used as a predictor of early diagnosis of PDAC 
(AUC=0.735) [33]. Conversely, Liu et al. [35] have demonstrated that 
pancreatic cancer patients with high DGCR5 expression have poorer OS. 
DGCR5 expression can be used as an independent risk factor and 
negatively correlates with the prognosis of pancreatic cancer patients. 
Additionally, DGCR5 not only shows ideal early diagnosis effect in 
gastric cancer [37] and laryngeal squamous cell carcinoma [78] 
(AUC=0.722, 0.721, respectively), it can also be used as a potential 
predictor for grading evaluation. The level of serum DGCR5 in patients 
with lung cancer after surgery is significantly higher than that before 
surgery. Kaplan-Meier survival analysis shows that upregulated DGCR5 
predicts a relatively longer overall survival [54]. The expression of 
DGCR5 in patients with ovarian cancer accompanied by lymph node 
metastasis and/or distant metastasis is further downregulated compared 

with patients without metastasis. The overall survival of patients in the 
low-expression group of DGCR5 is significantly poorer than that in the 
high-expression group. Univariate and multivariate analysis have 
confirmed that DGCR5 can be used as an independent predictor of poor 
prognosis in ovarian cancer patients, juxtaposed with lymph node 
metastasis, distant metastasis and clinical stage. Moreover, DGCR5 can 
be used to distinguish ovarian cancer tissues from adjacent tissues 
(AUC=0.876), with or without lymph node metastasis (AUC=0.819), 
good overall survival or poor overall survival (AUC=0.692), indicating 
that DGCR5 has potential evaluation value for the early diagnosis and 
prognosis of ovarian cancer [61]. 

Fig. 3. The regulatory network of DGCR5 on other tumors. DGCR5, DiGeorge syndrome critical region gene 5; EGFR, epidermal growth factor receptor; GSK-3β, 
glycogen synthase kinase 3β; TGF-β, transforming growth factor-β. 
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7. Conclusions 

The development of high-throughput sequencing technology has 
pushed lncRNA to a new horizon. Various pathophysiological regulatory 
mechanisms, including DNA methylation, histone modification, and 
nuclear transport, etc. are gradually being explored by the academia. 
Additionally, numerous studies have shown that the dysregulated 
lncRNA shows elaborate regulatory effect on the tumorigenesis and 
development of malignant tumors. DGCR5, as a member of the lncRNA 
family, has been found dysregulated in kinds of high-incidence malig-
nant tumors such as liver cancer, gastric cancer, lung cancer and breast 
cancer, etc. It can participate in the regulation of malignant phenotype 
of tumor cells through various mechanisms such as endogenous mo-
lecular sponge, Wnt/β-catenin and MEK/ERK1/2 signal pathway acti-
vation. Meanwhile, clinicopathological analysis of different tumors 
points to a tight correlation between the expression level of DGCR5 and 
the prognosis of patients, indicating that DGCR5 can be used as a po-
tential molecular therapy target for tumors and a biological marker for 
early diagnosis and prognostic evaluation. However, there are still many 
problems that need to be solved urgently behind the basic experiments. 
Firstly, the actual regulatory effect of DGCR5 in cells or animals is 
difficult to replicate in a complex human environment, and its anti- 
cancer effect by upregulation/downregulation needs to be further 
confirmed. Secondly, the in vivo delivery vector for therapeutic lncRNA 
has not been found yet, and it is tough to prevent lncRNA from being 
inactivated by the immune system. Thirdly, the related research of 
DGCR5 is still in its infancy, and the instigator of its dysregulation and 
the specific downstream molecular regulatory network need to be 
further explored. In summary, despite the many challenges, basic 
research on DGCR5 has shown good results, and it is expected to achieve 
breakthroughs in clinical trials in the future, which will bring hope to 
the diagnosis, treatment and prognosis evaluation of patients with ma-
lignant tumors. 
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