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Introduction

GenePharma (NEEQ: 430601) is a biotechnology company that contributes to 

the research and development of RNA-based technologies and products. 

GenePharma is headquartered in Suzhou, with operations in Shanghai and 

Suzhou in China. GenePharma provides high quality of custom 

oligonucleotides including siRNA, microRNA, shRNA products, RT primers etc. 

GenePharma not only has established a comprehensive oligonucleotide 

manufacturing facility, but also provides a wide range of open-access 

technology platforms and development (R&D) services, including RNAi/miRNA 

function studies, high throughput screen (HTS), Next-generation sequence (NGS), 

CRISPR, lentivirus, and trans-genetic models etc. 

All services of GenePharma are designed to facilitate science study, contract 

research programs, and efficient development of medicines. GenePharma’s RNAi 

are made of nucleotide analogs, which are used to target the key genes to produce 

therapeutic effect in vivo, while treat a wide range of diseases including those that 

cannot be effectively treated with existing methods. 

Meanwhile, GenePharma also uses RNA-based platforms to develop clinical 

diagnostic products and mRNA candidates to encode proteins that achieve a 

therapeutic benefit.
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INTRODUCTION: Spindle assembly is essential for ensuring accurate chromosome transmission in both meiosis 
and mitosis. In somatic cells, mitotic spindle assembly is mediated by dupli-cated centrosomes, but canonical 
centrosomes are absent in the oocytes of many species. In rodents, acentriolar microtubule organizing centers 
(aMTOCs) are responsible for meiotic spindle assembly, but it has long been sup-posed that human oocytes lack 
prominent aMTOCs on the meiotic spindle, and the exact mechanism of acentrosomal spindle assembly in human 
oocytes has remained unclear.
RATIONALE: Microtubule nucleation and en-suring spindle assembly are core events reg-ulating oocyte nuclear 
maturation. To identify the potential proteins driving spindle micro-tubule nucleation in human oocytes, we sys-
tematically localized 86 human centrosome and microtubule-related proteins by immunofluo-rescence or three-
dimensional high-resolution live cell imaging in more than 2000 human oocytes. We then tracked the dynamic migra-
tion of identified microtubule nucleators at different time points before and after nuclear envelope breakdown 
(NEBD). We further down-regulated corresponding proteins to confirm their role in microtubule nucleation and spin-
dle assembly. Given that spindle microtubule nucleation defects result in impaired spindle assembly and abnormal 
oocyte maturation, we screened for mutations in genes encoding components of microtubule nucleators in a cohort 
of 1394 infertile female patients characterized by oocyte maturation arrest.

siRNA synthesis 

SCIENCE
2022 Nov;378 (6621)
Impact Factor:63.714

Materials and Method
The siRNAs were provided by GenePharma or Tsingke Biotechnology. 
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siRNA synthesis 
Articles

https://doi.org/10.1038/s41587-021-01112-1

Optogenetic control of RNA function and 
metabolism using engineered light-switchable 
RNA-binding proteins
Renmei Liu1,2,5, Jing Yang1,2,5, Jing Yao1,2, Zhou Zhao1,2, Wei He1, Ni Su1,2, Zeyi Zhang1,2, Chenxia Zhang1,2, 
Zhuo Zhang1, Haibo Cai1, Linyong Zhu   , Yuzheng Zhao   , Shu Quan   1, Xianjun Chen   and 
Yi Yang  

Recent studies have reshaped prior conceptions about the func-tions of RNAs, particularly the numerous non-coding 
RNAs that play important roles in diverse cellular activities1. RNAs exhibit complex dynamics and functions at 
specific times and loca-tions inside cells, and these dynamics include changes in their expression, degradation, 
translocation, splicing and other chemical modifications2–4; thus, techniques capable of the precise and spatio-
temporal manipulation of RNA dynamics and functions are highly desirable for understanding the physiological 
functions of RNA in live cells5,6. To this end, light is an ideal trigger because it is easy to obtain, highly tunable, non-
toxic and, most importantly, has a high spatiotemporal resolution7. Several studies have attempted to control RNA 
functions through the activation of chemically caged RNAs using UV light; these efforts allowed for the optical control 
of gene expression8–12, ribozyme activity13, CRISPR–Cas function14 and protein–RNA crosslinking15,16. 
However, the acceptance of these methodologies by biologists has been limited, probably because of the toxicity of 
UV radiation and the technical complexities associ-ated with the synthesis of caged RNAs6,17. Alternatively, RNA 
func-tions might be optogenetically controlled by genetically encoded photoswitchable RBPs6. Optogenetics is a 
burgeoning technique in which genetically encoded photoswitchable proteins are used to manipulate biological 
processes with unsurpassable flexibility and high spatiotemporal precision7,18. In eukaryotic cells, numer-ous 
proteins are thought to function as RBPs, which govern almost all aspects of RNA metabolism, including 
transcription, process-ing, translation, turnover and cellular localization19,20. Nevertheless, reports on natural 
photoswitchable RBPs are extremely rare.

Nature Biotechnology
2022 Jan;:1-8
Impact Factor:54.908

Materials and Method
 RAT RNA containing a 5′-terminal TAMRA fluorophore (GenePharma) was used for analysis 
of RNA binding by fluorescence anisotropy.
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Varieties of RNA modification form the epitranscriptome for posttranscriptional regulation1. 5-Methylcytosine (5-mC) 
is a sparse RNA modification in messenger RNA (mRNA) under physiological conditions2. The function of RNA 
5-hydroxymethylcytosine (5-hmC) oxidized by ten-eleven translocation (Tet) proteins in Drosophila has been 
revealed more recently3,4. However, the turnover and function of 5-mC in mammalian mRNA have been largely 
unknown. Tet2 suppresses myeloid malignancies mostly in an enzymatic activity-dependent manner5, and is 
important in resolving inflammatory response in an enzymatic activityindependent way6. Myelopoiesis is a common 
host immune response in acute and chronic infections; however, its epigenetic mechanism needs to be identified. 
Here we demonstrate that Tet2 promotes infection-induced myelopoiesis in an mRNA oxidation-dependent manner 
through Adar1-mediated repression of Socs3 expression at the post-transcription level. Tet2 promotes both 
abdominal sepsis-induced emergency myelopoiesis and parasite-induced mast cell expansion through decreasing 
mRNA levels of Socs3, a key negative regulator of the JAK–STAT pathway that is critical for cytokine-induced 
myelopoiesis. Tet2 represses Socs3 expression through Adar1, which binds and destabilizes Socs3 mRNA in a 
RNA editing-independent manner. For the underlying mechanism of Tet2 regulation at the mRNA level, Tet2 
mediates oxidation of 5-mC in mRNA. Tet2 deficiency leads to the transcriptome-wide appearance of methylated 
cytosines, including ones in the 3′ untranslated region of Socs3, which influences double-stranded RNA formation 
for Adar1 binding, probably through cytosine methylation-specific readers, such as RNA helicases. Our study 
reveals a previously unknown regulatory role of Tet2 at the epitranscriptomic level, promoting myelopoiesis during 
infection in the mammalian system by decreasing 5-mCs in mRNAs. Moreover, the inhibitory function of cytosine 
methylation on double-stranded RNA formation and Adar1 binding in mRNA reveals its new physiological role in the 
mammalian system.

Nature 
2018 Feb 1; 554(7690): 123-7 
Impact Factor: 43.07 

Methods 
The mouse-specific siRNAs targeting Socs3 and Adar1 were 
designed and synthesized by GenePharma (Shanghai). 
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Article

RIC-seq for global in situ profiling of 
RNA–RNA spatial interactions

Zhaokui Cai1,2,5, Changchang Cao1,5, Lei Ji1,5, Rong Ye1,2, Di Wang1,2, Cong Xia3, Sui Wang1,2, Zongchang Du1,2, Naijing Hu1,2, Xiaohua Yu1, 
Juan Chen1, Lei Wang1,4, Xianguang Yang3, Shunmin He1 & Yuanchao Xue1,2 ✉

Highly structured RNA molecules usually interact with each other, and associate with various RNA-binding 
proteins, to regulate critical biological processes. However, RNA structures and interactions in intact cells remain 
largely unknown. Here, by coupling proximity ligation mediated by RNA-binding proteins with deep sequencing, we 
report an RNA in situ conformation sequencing (RIC-seq) technology for the global profiling of intra- and 
intermolecular RNA–RNA interactions. This technique not only recapitulates known RNA secondary structures and 
tertiary interactions, but also facilitates the generation of three-dimensional (3D) interaction maps of RNA in human 
cells. Using these maps, we identify noncoding RNA targets globally, and discern RNA topological domains and 
trans-interacting hubs. We reveal that the functional connectivity of enhancers and promoters can be assigned 
using their pairwise-interacting RNAs. Furthermore, we show that CCAT1-5L—a super-enhancer hub RNA—
interacts with the RNA-binding protein hnRNPK, as well as RNA derived from the MYC promoter and enhancer, to 
boost MYC transcription by modulating chromatin looping. Our study demonstrates the power and applicability of 
RIC-seq in discovering the 3D structures, interactions and regulatory roles of RNA.

Nature
2020 May;582(7812):432-437 
Impact Factor:42.778

Materials and Method
To block snoRNA, we designed two ASOs targeting different regions of SNORD22 and 
synthesized two sense oligonucleotides as negative controls (GenePharma). 
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Molecular Cancer
2021 Sep;31(11):1199-1211 
Impact Factor:41.444

Materials and Method
Cell transfections with plasmids or siRNAs were performed using Lipofectamine 3000 
(Invitrogen) or GP-transfect-mate (GenePharma, Shanghai, China).
All the siRNAs were obtained from GenePharma.

Abstract 
Background: Although, micropeptides encoded by non-coding RNA have been shown to have an important 
role in a variety of tumors processes, there have been no reports on micropeptide in renal cell carcinoma 
(RCC). Based on the micropeptide MIAC (micropeptide inhibiting actin cytoskeleton) discovered and named 
in the previous work, this study screened its tumor spectrum, and explored its mechanism of action and 
potential diagnosis and treatment value in the occurrence and development of renal carcinoma.
Methods: The clinical significance of MIAC in RCC was explored by bioinformatics analysis through high-
throughput RNA-seq data from 530 patients with kidney renal clear cell carcinoma (KIRC) in the TCGA 
database, and the detection of clinical samples of 70 cases of kidney cancer. In vitro and in vivo experiments 
to determine the role of MIAC in renal carcinoma cell growth and metastasis; High-throughput 
transcriptomics, western blotting, immunoprecipitation, molecular docking, affinity experiments, and 
Streptavidin pulldown experiments identify MIAC direct binding protein and key regulatory pathways.
Results: The analysis of 600 renal carcinoma samples from different sources revealed that the expression 
level of MIAC is significantly decreased, and corelated with the prognosis and clinical stage of tumors in 
patients with renal carcinoma. Overexpression of MIAC in renal carcinoma cells can significantly inhibit the 
proliferation and migration ability, promote apoptosis of renal carcinoma cells, and affect the distribution of 
cells at various stages. After knocking down MIAC, the trend is reversed. In vivo experiments have found that 
MIAC overexpression inhibit the growth and metastasis of RCC, while the synthetized MIAC peptides can 
significantly inhibit the occurrence and development of RCC in vitro and in vivo. Further mechanistic studies 
have demonstrated that MIAC directly bind to AQP2 protein, inhibit EREG/EGFR expression and activate 
downstream pathways PI3K/AKT and MAPK to achieve anti-tumor effects.
Conclusions: This study revealed for the first time the tumor suppressor potential of the lncRNA-encoded 
micro-peptide MIAC in RCC, which inhibits the activation of the EREG/EGFR signaling pathway by direct 
binding to AQP2 

Li et al. Molecular Cancer          (2022) 21:181  
https://doi.org/10.1186/s12943-022-01654-1

RESEARCH

Micropeptide MIAC inhibits the tumor 
progression by interacting with AQP2 
and inhibiting EREG/EGFR signaling in renal cell 
carcinoma

Open Access
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A high concentration of low-density lipoprotein cholesterol (LDL-C) is a major risk factor for cardiovascular disease. 
Although LDL-C levels vary among humans and are heritable, the genetic factors affecting LDL-C are not fully 
characterized.We identified a rare frameshift variant in the LIMA1 (also known as EPLIN or SREBP3) gene from a 
Chinese family of Kazakh ethnicity with inherited low LDL-C and reduced cholesterol absorption. In a mouse model, 
LIMA1 was mainly expressed in the small intestine and localized on the brush border membrane. LIMA1 bridged 
NPC1L1, an essential protein for cholesterol absorption, to a transportation complex containing myosin Vb and 
facilitated cholesterol uptake. Similar to the human phenotype, Lima1-deficient mice displayed reduced cholesterol 
absorption and were resistant to diet-induced hypercholesterolemia. Through our study of both mice and humans, 
we identify LIMA1 as a key protein regulating intestinal cholesterol absorption. 

Science 
2018 Jun 8; 360(6393): 1087-92 
Impact Factor: 41.037 

Materials and Methods 
Duplexes of siRNA were synthesized by Genepharma 
(Shanghai, China). 
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Synthetic small interfering RNAs (siRNAs) are an indispensable tool to investigate gene function in eukaryotic 
cells1,2 and may be used for therapeutic purposes to knock down genes implicated in disease3. Thus far, 
most synthetic siRNAs have been produced by chemical synthesis. Here we present a method to produce highly 
potent siRNAs in Escherichia coli. This method relies on ectopic expression of p19, an siRNAbinding protein 
found in a plant RNA virus4,5. When expressed in E. coli, p19 stabilizes an ~21-nt siRNA-like species produced 
by bacterial RNase III. When mammalian cells are transfected by them, siRNAs that were generated in bacteria 
expressing p19 and a hairpin RNA encoding 200 or more nucleotides of a target gene reproducibly knock 
down target gene expression by ~90% without immunogenicity or off-target effects. Because bacterially 
produced siRNAs contain multiple sequences against a target gene, they may be especially useful for 
suppressing polymorphic cellular or viral genes.

Nature Biotechnology 
2013 Apr; 31(4): 350-9 
Impact Factor: 39.08 

Methods 

For each assay, 200 ng of an unmodified synthetic negative control siRNA (GenePharma); 
negative-control siRNA (NC siRNA, B01001, GenePharma); positive-control siRNA TP53 
(B03001, GenePharma) 
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Signal Transduction and Targeted Therapy
2022 Sep;7(1):1-17
Impact Factor:38.104

Materials and Method
For RNAi experiments, siRNA targeting Pfkfb3, Nfs-1, and scrambled siRNA (GenePharma, 
Shanghai, China, siRNA sequences were listed in Supplementary Table 2) were used. 

Endothelial-to-mesenchymal transition (EndoMT), the process wherein endothelial cells lose endothelial identity 
and adopt mesenchymal-like phenotypes, constitutes a critical contributor to cardiac fibrosis. The phenotypic 
plasticity of endothelial cells can be intricately shaped by alteration of metabolic pathways, but how endothelial cells 
adjust cellular metabolism to drive EndoMT is incompletely understood. Here, we identified 6-phosphofructo-2-
kinase/fructose-2,6-biphosphatase 3 (PFKFB3) as a critical driver of EndoMT via triggering abnormal glycolysis and 
compromising mitochondrial respiration. Pharmacological suppression of PFKFB3 with salvianolic acid C (SAC), a 
phenolic compound derived from Salvia miltiorrhiza, attenuates EndoMT and fibrotic response. PFKFB3-
haplodeficiency recapitulates the anti-EndoMT effect of SAC while PFKFB3-overexpression augments the 
magnitude of EndoMT and exacerbates cardiac fibrosis. Mechanistically, PFKFB3-driven glycolysis compromises 
cytoplasmic nicotinamide adenine dinucleotide phosphate (reduced form, NADPH) production via hijacking glucose 
flux from pentose phosphate pathway. Efflux of mitochondrial NADPH through isocitrate/α-ketoglutarate shuttle 
replenishes cytoplasmic NADPH pool but meanwhile impairs mitochondrial respiration by hampering mitochondrial 
iron-sulfur cluster biosynthesis. SAC disrupts PFKFB3 stability by accelerating its degradation and thus maintains 
metabolic homeostasis in endothelial cells, underlying its anti-EndoMT effects. These findings for the first time 
identify the critical role of PFKFB3 in triggering EndoMT by driving abnormal glycolysis in endothelial cells, and also 
highlight the therapeutic potential for pharmacological intervention of PFKFB3 (with SAC or other PFKFB3 
inhibitors) to combat EndoMT-associated fibrotic responses via metabolic regulation.

ARTICLE OPEN

Suppression of PFKFB3-driven glycolysis restrains
endothelial-to-mesenchymal transition and fibrotic response
Hao Zeng1, Ting Pan1, Meiling Zhan1, Renaguli Hailiwu1, Baolin Liu1, Hua Yang1✉ and Ping Li1✉

www.nature.com/sigtransSignal Transduction and Targeted Therapy
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Signal Transduction and Targeted Therapy 
2022 Aug;7(1):1-13
Impact Factor:38.104

Materials and Method
The siRNA against CENP-L (AAGAUUAGUUCGUGUUUCA) was obtained from 
GenePharma and was previously confirmed

Myocardial ischemia/reperfusion (I/R) injury is a classic type of cardiovascular disease characterized by injury to 
cardiomyocytes leading to various forms of cell death. It is believed that irreversible myocardial damage resulted 
from I/R occurs due to oxidative stress evoked during the reperfusion phase. Here we demonstrate that ischemia 
triggers a specific redox reaction of polyunsaturated fatty acids (PUFA)-phospholipids in myocardial cells, which 
acts as a priming signaling that initiates the outbreak of robust oxidative damage in the reperfusion phase. Using 
animal and in vitro models, the crucial lipid species in I/R injury were identified to be oxidized PUFAs enriched 
phosphatidylethanolamines. Using multi-omics, arachidonic acid 15-lipoxygenase-1(ALOX15) was identified as the 
primary mediator of ischemia-provoked phospholipid peroxidation, which was further confirmed using 
chemogenetic approaches. Collectively, our results reveal that ALOX15 induction in the ischemia phase acts as a 
“burning point” to ignite phospholipid oxidization into ferroptotic signals. This finding characterizes a novel 
molecular mechanism for myocardial ischemia injury and offers a potential therapeutic target for early intervention 
of I/R injury.

ARTICLE OPEN

ALOX15-launched PUFA-phospholipids peroxidation
increases the susceptibility of ferroptosis in ischemia-induced
myocardial damage
Xiao-Hui Ma1,2,3,4, Jiang-Han-Zi Liu1,2,3, Chun-Yu Liu1,2,3, Wan-Yang Sun1,2,3, Wen-Jun Duan1,2,3, Guan Wang5, Hiroshi Kurihara1,2,3,
Rong-Rong He1,2,3✉, Yi-Fang Li1,2,3✉, Yang Chen6✉ and Hongcai Shang 7✉

www.nature.com/sigtransSignal Transduction and Targeted Therapy
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Cell Discovery
2022 Sep;8(1):1-15
Impact Factor:38.079

Materials and Method
The siRNA against CENP-L (AAGAUUAGUUCGUGUUUCA) was obtained from 
GenePharma and was previously confirmed

Abstract
In mitosis, accurate chromosome segregation depends on kinetochores that connect centromeric chromatin 
to spindle microtubules. The centromeres of budding yeast, which are relatively simple, are connected to 
individual microtubules via a kinetochore constitutive centromere associated network (CCAN). However, the 
complex centromeres of human chromosomes comprise millions of DNA base pairs and attach to multiple 
microtubules. Here, by use of cryo-electron microscopy and functional analyses, we reveal the molecular 
basis of how human CCAN interacts with duplex DNA and facilitates accurate chromosome segregation. The 
overall structure relates to the cooperative interactions and interdependency of the constituent sub-
complexes of the CCAN. The duplex DNA is topologically entrapped by human CCAN. Further, CENP-N 
does not bind to the RG-loop of CENP-A but to DNA in the CCAN complex. The DNA binding activity is 
essential for CENP-LN localization to centromere and chromosome segregation during mitosis. Thus, these 
analyses provide new insights into mechanisms of action underlying kinetochore assembly and function in 
mitosis.

Cell DiscoveryTian et al. Cell Discovery            (2022) 8:90 

https://doi.org/10.1038/s41421-022-00439-6 www.nature.com/celldisc

A R T I C L E O p e n A c c e s s

Structural insights into human CCAN complex
assembled onto DNA
Tian Tian1, Lili Chen1, Zhen Dou1,2, Zhisen Yang1, Xinjiao Gao 1,2✉, Xiao Yuan1,2, Chengliang Wang1, Ran Liu1,2,
Zuojun Shen 1, Ping Gui1,2, Maikun Teng1, Xianlei Meng1, Donald L. Hill3, Lin Li 4, Xuan Zhang1, Xing Liu 1,2,
Linfeng Sun 1✉, Jianye Zang 1✉ and Xuebiao Yao1,2✉
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Cell Discovery
2022 Sep;8(1):1-20
Impact Factor:38.079

Materials and Method
The siRNA sequences of target gene markers were synthesized by GenePharma. 

Abstract
Skull base chordoma (SBC) is a bone cancer with a high recurrence rate, high radioresistance rate, and 
poorly understood mechanism. Here, we profiled the transcriptomes of 90,691 single cells, revealed the SBC 
cellular hierarchies, and explored novel treatment targets. We identified a cluster of stem-like SBC cells that 
tended to be distributed in the inferior part of the tumor. Combining radiated UM-Chor1 RNA-seq data and in 
vitro validation, we further found that this stem-like cell cluster is marked by cathepsin L (CTSL), a gene 
involved in the packaging of telomere ends, and may be responsible for radioresistance. Moreover, 
signatures related to partial epithelial–mesenchymal transition (p-EMT) were found to be significant in 
malignant cells and were related to the invasion and poor prognosis of SBC. Furthermore, YL-13027, a p-
EMT inhibitor that acts through the TGF-β signaling pathway, demonstrated remarkable potency in inhibiting 
the invasiveness of SBC in preclinical models and was subsequently applied in a phase I clinical trial that 
enrolled three SBC patients. Encouragingly, YL-13027 attenuated the growth of SBC and achieved stable 
disease with no serious adverse events, underscoring the clinical potential for the precision treatment of SBC 
with this therapy. In summary, we conducted the first single-cell RNA sequencing of SBC and identified 
several targets that could be translated to the treatment of SBC.

Cell DiscoveryZhang et al. Cell Discovery            (2022) 8:94 

https://doi.org/10.1038/s41421-022-00459-2 www.nature.com/celldisc

A R T I C L E O p e n A c c e s s

Single-cell transcriptome reveals cellular hierarchies
and guides p-EMT-targeted trial in skull base
chordoma
Qilin Zhang1,2, Lijiang Fei3, Rui Han1,2, Ruofan Huang2,4, Yongfei Wang1,2, Hong Chen2,5, Boyuan Yao 1,2, Nidan Qiao1,2,
Zhe Wang6, Zengyi Ma1,2, Zhao Ye1,2, Yichao Zhang1,2, Weiwei Wang2,7, Ye Wang1,2, Lin Kong8, Xuefei Shou1,2,
Xiaoyun Cao1,2, Xiang Zhou1,2, Ming Shen1,2, Haixia Cheng2,5, Zhenwei Yao2,7, Chao Zhang 6, Guoji Guo 3✉ and
Yao Zhao1,2,9,10,11,12✉
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Cell 
2018 Nov 29; 175: 1-16 
Impact Factor: 36.216 

Methods 
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Cell 
2018 Mar 22; 173: 248-59 
Impact Factor: 36.216 

Methods 
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Cell Metabolism
2021 Mar;33:565
Impact Factor:27.287

Materials and Method
For siRNA transfection, differentiated mature adipocytes were digested with trypsin and 
incubated with siRNAs (GenePharma, China) 

Article

The phytochemical hyperforin triggers
thermogenesis in adipose tissue via a Dlat-AMPK
signaling axis to curb obesity

Graphical abstract

Highlights

d Use of CMap identified the phytochemical hyperforin as an

anti-obesity agent in mice

d Hyperforin promotes adipose tissue thermogenesis to

promote weight loss

d Dlat was identified and validated as a direct molecular target

of hyperforin

d Hyperforin-induced thermogenesis is modulated by a Dlat-

AMPK-PGC1a axis

Authors

Suzhen Chen, Xiaoxiao Liu,

Chao Peng, ..., Xiaojun Xu,

Junfeng Han, Junli Liu

Correspondence
cszdream@163.com (S.C.),
1020122236@cpu.edu.cn (X.X.),
tjhjf@163.com (J.H.),
liujunli@sjtu.edu.cn (J.L.)

In Brief

Chen et al. reveal that hyperforin (HPF), a

natural compound extracted from

Hypericum perforatum, promotes

adipose tissue thermogenesis to

suppress obesity. Using a form of mass

spectrometry, they identify Dlat as the

direct molecular target of HPF and that it

is essential for HPF-mediated adipocyte

thermogenesis.
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Cell Research
2021 Sep;31(11):1199-1211
Impact Factor:25.617

Materials and Method
Oligos corresponding to the following sequences were synthesized by GenePharma

INTRODUCTION
Primary cilia are microtubule-based organelles that project from the surface of vertebrate cells to transduce 
extracellular signals into intracellular responses,1,2 and are of crucial importance in vertebrate development and 
homeostasis maintenance.3–7 Defects in cilia function are involved in multiple human syndromes that are 
collectively called ciliopathies, including situs inversus, congenital heart defects, cystic kidney disease and so on.8–
12 Primary cilia form in the interphase, and are resorbed prior to mitosis.13–15 In G0 or early G1 phase, mother 
centrioles convert into basal bodies, dock to the plasma membrane through their distal appendages, and nucleate 
ciliary axonemes to form primary cilia.16 Although ciliogenesis regulation has been intensively studied, the 
mechanism of ciliogenesis initiation remains unclear.
Centriolar coiled-coil protein 110 (CP110), originally character-ized as a cyclin-dependent kinase substrate, caps the 
distal ends of both mother and daughter centrioles, and is essential for centriole duplication and ciliogenesis 
initiation in mammalian cells.7,17–23 The removal of CP110 from mother centrioles is prerequisite for enabling 
axoneme outgrowth and appears to be one of the earliest steps in initiating ciliogenesis.7,19–23 CP110 antagonizes 
the action of centrosomal protein of 290 kDa (CEP290) to suppress the recruitment of small GTPase Rab8a, 
resulting in the inhibition of cilia formation.21 However, the mechanism by which mother centriole-localized CP110 
is degraded to promote ciliogenesis remains unknown.
Autophagy is a lysosome-dependent program that degrades cytoplasmic proteins or organelles to maintain cellular 
homeostasis in response to different types of stresses.24,25 Previous reports have shown that autophagy is 
involved in the regulation of ciliogenesis by degrading ciliary proteins such as satellite oral-facial-digital syndrome 1 
(OFD1) and intraflagellar transport 20 (IFT20).26–28 Nevertheless, it is unknown whether autophagy plays a role in 
CP110 degradation to initiate ciliogenesis.
In this manuscript, we find that autophagy is crucial for the specific removal of CP110 from mother centrioles and 
ciliogenesis. Further data show that after serum starvation, an Hsp90 co-chaperone NudC-like protein 2 (NudCL2) 
functions as a previously uncharacterized autophagy receptor mediating the selective autop-hagic degradation of 
CP110 at mother centrioles, which is essential for ciliogenesis initiation and vertebrate development.

ARTICLE OPEN

NudCL2 is an autophagy receptor that mediates selective
autophagic degradation of CP110 at mother centrioles to
promote ciliogenesis
Min Liu1,2,6, Wen Zhang2,3,6, Min Li2, Jiaxing Feng2, Wenjun Kuang2, Xiying Chen2, Feng Yang2, Qiang Sun 2, Zhangqi Xu2,
Jianfeng Hua2, Chunxia Yang2, Wei Liu2, Qiang Shu1, Yuehong Yang2, Tianhua Zhou2,3,4,5✉ and Shanshan Xie 1✉

© The Author(s) 2021

www.nature.com/cr
www.cell-research.comCell Research
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Journal Of Hepatology
2021 Sep 9
Impact Factor:25.083

Materials and Method
Small-interfering RNA targeting the junction sites of the circRNA were designed and synthesized 
by GenePharma (Shanghai). 

Circular RNA ACTN4 promotes intrahepatic cholangiocarcinoma
progression by recruiting YBX1 to initiate FZD7 transcription

Qinjunjie Chen1,†, Haibo Wang1,†, Zheng Li1,†, Fengwei Li1,2, Leilei Liang3, Yiran Zou1,
Hao Shen4, Jun Li1, Yong Xia1, Zhangjun Cheng5, Tian Yang4, Kui Wang2, Feng Shen1,*

Research Article
Hepatic and Biliary Cancer

Background & Aims:
Intrahepatic cholangiocarcinoma (ICC) is a primary liver cancer with high aggressiveness and extremely poor 
prognosis. The role of circular RNAs (circRNAs) in ICC carcinogenesis and progression remains to be determined. 
Methods: CircRNA microarray was performed to screen signifi-cantly upregulated circRNAs in paired ICC and non-
tumor tis-sues. Colony formation, transwell, and xenograft models were used to examine the role of circRNAs in 
ICC proliferation and metastasis. RNA pulldown, mass spectrometry, chromatin immunoprecipitation, RNA-binding 
protein immunoprecipita-tion, chromatin isolation by RNA purification, electrophoretic mobility shift assay, and 
luciferase reporter assays were used to explore the molecular sponge role of the circRNA (via miRNA binding), 
and the interaction between circRNA and RNA-binding proteins.
Results:
Hsa_circ_0050898, which originated from exon 1 to exon 20 of the ACTN4 gene (named circACTN4), was 
significantly upregulated in ICC. High circACTN4 expression was associated with enhanced tumor proliferation 
and metastasis in vitro and in vivo, as well as a worse prognosis following ICC resection. In addition, circACTN4 
upregulated Yes-associated protein 1 (YAP1) expression by sponging miR-424-5p. More importantly, cir-cACTN4 
also recruited Y-box binding protein 1 (YBX1) to stim-ulate Frizzled-7 (FZD7) transcription. Furthermore, 
circACTN4 overexpression in ICC cells enhanced the interaction between YAP1 and b-catenin, which are the core 
components of the Hippo and Wnt signaling pathways, respectively.
Conclusions: CircACTN4 was upregulated in ICC and promoted ICC proliferation and metastasis by acting as a 
molecular sponge of miR-424-5p, as well as by interacting with YBX1 to tran-scriptionally activate FZD7. These 
results suggest that circACTN4 is a potential prognostic marker and therapeutic target for ICC.
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Impact Factor:22.906

Materials and Method
RNA oligos were synthesized and purchased from GenePharma.

Immune checkpoint blockade (ICB) exhibits considerable benefits in malignancies, but its overall response rate is 
limited. Previous studies have shown that sphingosine kinases (SPHKs) are critical in the tumor microenvironment 
(TME), but their role in immunotherapy is unclear. We performed integrative analyses including bioinformatics 
analysis, functional study, and clinical validation to investigate the role of SPHK1 in tumor immunity. Functionally, 
we demonstrated that the inhibition of
SPHK1 significantly suppressed tumor growth by promoting antitumor immunity in immunocompetent melanoma 
mouse models and tumor T-cell cocultures. A mechanistic analysis revealed that MTA3 functions as the 
downstream target of SPHK1 in transcriptionally regulating tumor PD-L1. Preclinically, we found that anti-PD-1 
monoclonal antibody (mAb) treatment significantly rescued tumor SPHK1 overexpression or tumor MTA3 
overexpression-mediated immune evasion. Significantly, we identified SPHK1 and MTA3 as biological markers for 
predicting the efficacy of anti-PD-1 mAb therapy in melanoma patients. Our findings revealed a novel role for 
SPHK1 in tumor evasion mediated by regulating the MTA3-PD-L1 axis, identified SPHK1 and MTA3 as predictors 
for assessing the efficacy of PD-1 mAb treatment, and provided a therapeutic possibility for the treatment of 
melanoma patients.
Keywords: Sphingosine kinase; Programmed cell death ligand 1; Programmed cell death protein 1; Melanoma; 
Tumor microenvironment; Immune checkpoint blockade

ARTICLE OPEN

Sphingosine kinase 1 promotes tumor immune evasion by
regulating the MTA3-PD-L1 axis
Poyee Lau1,2,3,4,11, Guanxiong Zhang1,2,3,4,11, Shuang Zhao1,2,3,4,11, Long Liang1,5, Hailun Zhang6, Guowei Zhou1,2,3,4,
Mien-Chie Hung7,8,9, Xiang Chen 1,2,3,4,10✉ and Hong Liu1,2,3,4,10✉
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Materials and Method
All of the siRNAs were designed and synthesized by GenePharma. 

Abstract
Inducing early apoptosis in alveolar macrophages is one of the strategies influenza A virus (IAV) evolved to 
subvert host immunity. Correspondingly, the host mitochon-drial protein nucleotide‐binding oligomerization 
domain‐like receptor (NLR)X1 is reported to interact with virus polymerase basic protein 1‐frame 2 (PB1‐F2) 
accessory protein to counteract virus‐induced apoptosis. Herein, we report that one of the F‐box proteins, 
FBXO6, promotes proteasomal degradation of NLRX1, and thus facilitates IAV‐induced alveolar macrophages 
apoptosis and modulates both macrophage survival and type I interferon (IFN) signaling. We observed that 
FBXO6‐deficient mice infected with IAV exhibited decreased pulmonary viral replication, alleviated 
inflammatory‐associated pulmonary dysfunction, and less mortality. Analysis of the lungs of IAV‐infected mice 
revealed markedly reduced leukocyte recruitment but enhanced production of type I IFN in Fbxo6−/− mice. 
Furthermore, increased type I IFN production and decreased viral replication were recapitulated in FBXO6 
knockdown macrophages and associated with reduced apoptosis. Through gain‐ and loss‐of‐function studies, 
we found lung resident macrophages but not bone marrow‐derived macrophages play a key role in the 
differences FBXO6 signaling pathway brings in the antiviral immune response. In further investigation, we 
identified that FBXO6 interacted with and promoted the proteasomal degradation of NLRX1. Together, our results 
demonstrate that FBXO6 negatively regulates immunity against IAV infection by enhancing the degradation of 
NLRX1 and thus impairs the survival of alveolar macrophages and antiviral immunity of the host.
KEYWORDS
alveolar macrophages, apoptosis, FBXO6, influenza A, NLRX1
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ARTICLE

Oncogenic AURKA-enhanced N6-methyladenosine
modification increases DROSHA mRNA stability to
transactivate STC1 in breast cancer stem-like cells
Fei Peng1,2, Jie Xu1, Bai Cui1, Qilan Liang1, Sai Zeng1, Bin He2, Hong Zou1, Manman Li1, Huan Zhao1, Yuting Meng1, Jin Chen3, Bing Liu1, 
Shasha Lv1, Peng Chu1,4, Fan An1, Zifeng Wang 2, Junxiu Huang1, Yajing Zhan1, Yuwei Liao1, Jinxin Lu1, Lingzhi Xu5, Jin Zhang6, 
Zhaolin Sun4, Zhiguang Li1, Fangjun Wang3, Eric W.-F. Lam 7 and Quentin Liu1,2

RNase III DROSHA is upregulated in multiple cancers and contributes to tumor progression by hitherto unclear 
mechanisms. Here, we demonstrate that DROSHA interacts with β-Catenin to transactivate STC1 in an RNA 
cleavage-independent manner, contributing to breast cancer stem-like cell (BCSC) properties. DROSHA mRNA 
stability is enhanced by N6-methyladenosine (m6A) modification which is activated by AURKA in BCSCs. AURKA 
stabilizes METTL14 by inhibiting its ubiquitylation and degradation to promote DROSHA mRNA methylation. 
Moreover, binding of AURKA to DROSHA transcript further strengthens the binding of the m6A reader IGF2BP2 to 
stabilize m6A-modified DROSHA. In addition, wild-type DROSHA, but not an m6A methylation-deficient mutant, 
enhances BCSC stemness maintenance, while inhibition of DROSHA m6A modification attenuates BCSC traits. Our 
study unveils the AURKA-induced oncogenic m6A modification as a key regulator of DROSHA in breast cancer and 
identifies a novel DROSHA transcriptional function in promoting the BCSC phenotype.

Cell Research
2020 Aug 28 ; 29,233-247
Impact Factor:20.507

Materials and Method
Transfection, lentivirus package and stable cell 
line generation Transient transfection with 
siRNAs (GenePharma, Suzhou, China) or 
plasmids was performed using Lipofectamine 
3000 (Lipo3000, Invitrogen, L3000015) according 
to the manufacturers’ protocols.
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Materials and Method
All RNAi oligonucleotides were purchased from Shanghai GenePharma Company. 
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Cytoplasmic SIRT6-mediated ACSL5 deacetylation
impedes nonalcoholic fatty liver disease by
facilitating hepatic fatty acid oxidation
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In brief

Hou et al. found that during NAFLD

progression, excessive palmitate directly

binds to SIRT6 and induces its cytosolic

translocation. Cytoplasmic SIRT6 is

dramatically activated by palmitate and

deacetylates ACSL5 to stimulate its

activity. Deacetylation of ACSL5 by SIRT6

facilitates fatty acid oxidation and

prevents NAFLD development.

21



www.nature.com/cr
www.cell-research.com

ARTICLE

PARylation regulates stress granule dynamics, phase
separation, and neurotoxicity of disease-related
RNA-binding proteins
Yongjia Duan1,2, Aiying Du1, Jinge Gu1,2, Gang Duan1, Chen Wang1,2, Xinrui Gui1,2, Zhiwei Ma1,3, Beituo Qian1,2, Xue Deng1,2,
Kai Zhang1,2, Le Sun1,2, Kuili Tian1, Yaoyang Zhang1,2, Hong Jiang1,2, Cong Liu 1,2 and Yanshan Fang 1,2

Mutations in RNA-binding proteins (RBPs) localized in ribonucleoprotein (RNP) granules, such as hnRNP A1 and 
TDP-43, promote aberrant protein aggregation, which is a pathological hallmark of various neurodegenerative 
diseases, such as amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD). Protein posttranslational 
modifications (PTMs) are known to regulate RNP granules. In this study, we investigate the function of poly(ADP-
ribosyl)ation (PARylation), an important PTM involved in DNA damage repair and cell death, in RNP granule-related 
neurodegeneration. We reveal that PARylation levels are a major regulator of the assembly-disassembly dynamics 
of RNP granules containing disease-related RBPs, hnRNP A1 and TDP-43. We find that hnRNP A1 can both be 
PARylated and bind to PARylated proteins or poly(ADP-ribose) (PAR). We further uncover that PARylation of 
hnRNP A1 at K298 controls its nucleocytoplasmic transport, whereas PAR-binding via the PAR-binding motif (PBM) 
of hnRNP A1 regulates its association with stress granules. Moreover, we reveal that PAR not only dramatically 
enhances the liquid-liquid phase separation of hnRNP A1, but also promotes the co-phase separation of hnRNP A1 
and TDP-43 in vitro and their interaction in vivo. Finally, both genetic and pharmacological inhibition of PARP 
mitigates hnRNP A1- and TDP-43-mediated neurotoxicity in cell and Drosophila models of ALS. Together, our 
findings suggest a novel and crucial role for PARylation in regulating the dynamics of RNP granules, and that 
dysregulation in PARylation and PAR levels may contribute to ALS disease pathogenesis by promoting protein 
aggregation.

Cell Research
2019 Feb 6 ; 29,233-247
Impact Factor:17.848

Materials anddMethodods
For knockdown experiments, the siRNA 
(Genepharma, Shanghai) was transfected 
into the cells using the Lipofectamine™ 
RNAiMAX Transfection Reagent 
(Invitrogen, 13778150), according to the 
manufacturer’s instruction.
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RESEARCH Open Access

lncRNA JPX/miR-33a-5p/Twist1 axis
regulates tumorigenesis and metastasis of
lung cancer by activating Wnt/β-catenin
signaling
Jinchang Pan1,2, Shuai Fang1,2, Haihua Tian1,2,3, Chengwei Zhou4, Xiaodong Zhao4, Hui Tian5, Jinxian He5,
Weiyu Shen5, Xiaodan Meng1,2, Xiaofeng Jin1,2 and Zhaohui Gong1,2*

Pan et al. Molecular Cancer            (2020) 19:9 
https://doi.org/10.1186/s12943-020-1133-9

Abstract
Background: MicroRNAs (miRNAs) and Twist1-induced epithelial-mesenchymal transition (EMT) in cancer cell 
dissemination are well established, but the involvement of long noncoding RNAs (lncRNAs) in Twist1-mediated 
signaling remains largely unknown.
Methods: RT-qPCR and western blotting were conducted to detect the expression levels of lncRNA JPX and 
Twist1 in lung cancer cell lines and tissues. The impact of JPX on Twist1 expression, cell growth, invasion, 
apoptosis, and in vivo tumor growth were investigated in lung cancer cells by western blotting, rescue 
experiments, colony formation assay, flow cytometry, and xenograft animal experiment. 
Results: We observed that lncRNA JPX was upregulated in lung cancer metastatic tissues and was closely 
correlated with tumor size and an advanced stage. Functionally, JPX promoted lung cancer cell proliferation in 
vitro and facilitated lung tumor growth in vivo. Additionally, JPX upregulated Twist1 by competitively sponging 
miR-33a-5p and subsequently induced EMT and lung cancer cell invasion. Interestingly, JPX and Twist1 were 
coordinately upregulated in lung cancer tissues and cells. Mechanically, the JPX/miR-33a-5p/Twist1 axis 
participated in EMT progression by activating Wnt/β-catenin signaling.
Conclusions: These findings suggest that lncRNA JPX, a mediator of Twist1 signaling, could predispose lung 
cancer cells to metastasis and may serve as a potential target for targeted therapy.
Keywords: Epithelial-mesenchymal transition, Twist1, Long noncoding RNA, Wnt/β-catenin signaling, Lung 
cancer

Molecular Cancer
2020 Jan 15 ; 19:9
Impact Factor:15.302

Materials and Methods
JPX small interfering RNA (siRNA, 
GenePharma, China) and Twist1 siRNA with 
the corresponding control RNA (siRNA NC),or 
miR-33a-5p mimics (GenePharma, China) 
with corresponding control RNA (mimics NC) 
were transfected into cells in logarithmic growth 
phase.
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ARTICLE
DOI: 10.1038/s41467-018-04791-8 OPEN

Efficient RNA drug delivery using red blood cell
extracellular vesicles
Waqas Muhammad Usman1, Tin Chanh Pham1, Yuk Yan Kwok2, Luyen Tien Vu1, Victor Ma2, Boya Peng1,

Yuen San Chan1, Likun Wei1, Siew Mei Chin1, Ajijur Azad1, Alex Bai-Liang He3, Anskar Y.H. Leung3,

Mengsu Yang1,4, Ng Shyh-Chang5, William C. Cho2, Jiahai Shi1,6 & Minh T.N. Le 1,6

Most of the current methods for programmable RNA drug therapies are unsuitable for the clinic due to low uptake 
efficiency and high cytotoxicity. Extracellular vesicles (EVs) could solve these problems because they represent a 
natural mode of intercellular communication. However, current cellular sources for EV production are limited in 
availability and safety in terms of horizontal gene transfer. One potentially ideal source could be human red blood 
cells (RBCs). Group O-RBCs can be used as universal donors for large-scale EV production since they are readily 
available in blood banks and they are devoid of DNA. Here, we describe and validate a new strategy to generate 
large-scale amounts of RBC-derived EVs for the delivery of RNA drugs, including antisense oligonucleotides, Cas9 
mRNA, and guide RNAs. RNA drug delivery with RBCEVs shows highly robust microRNA inhibition and CRISPR–
Cas9 genome editing in both human cells and xenograft mouse models, with no observable cytotoxicity.

Nature Communications
2018 Jun 15 ; 2359
Impact Factor:12.121

Materials and Methods
Anti-miR-125b ASOs
 (5′-UCACAAGUUAGGGUCUCAGGGA-3′)and
negative control ASOs
(5′-CAGUACUUUUGUGUAGUACAA-3′) were 
synthesized with 2′ O-methyl modification 
at every ribonucleotide by Shanghai 
Genepharma (Shanghai, China)
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A R T I C L E O p e n A c c e s s

Antisense oligonucleotides targeting lncRNA
AC104041.1 induces antitumor activity through
Wnt2B/β-catenin pathway in head and neck
squamous cell carcinomas
Mengwei Li1,2, Xu Ding3, Yinan Zhang1,2, Xin Li1,2, Haoze Zhou1,2, Li Yang1,2, Yilin Li1,2, Peiwei Yang1,2, Xiaomin Zhang3,
Jialiang Hu1,2, Edouard Nice4, Heming Wu3 and Hanmei Xu1,2

Abstract
Long non-coding RNAs (lncRNAs) contribute to the initiation and progression of various tumors, including 
head and neck squamous carcinoma (HNSCC), which is a common malignancy with high morbidity and low 
survival rate. However, the mechanism of lncRNAs in HNSCC tumorigenesis remains largely unexplored. In 
this work, we identified a novel lncRNA AC104041.1 which is highly upregulated and correlated with poor 
survival in HNSCC patients. Moreover, AC104041.1 overexpression significantly promoted tumor growth and 
metastasis of HNSCC in vitro and in vivo. Mechanistically, AC104041.1 mainly located in the cytoplasm and 
could function as ceRNA (competing endogenous RNA) for miR-6817-3p, thereby stabilized Wnt2B, and 
consequently inducing β-catenin nuclear translocation and activation. Moreover, we demonstrate that 
salinomycin, which as a highly effective antibiotic in the elimination of cancer stem cells through the Wnt/β-
catenin signaling, could enhance the inhibition of tumor growth by antisense oligonucleotides (ASO) targeting 
AC104041.1 in HNSCC cells and PDXs (patient-derived xenograft) model. Thus, our data provide preclinical 
evidence to support a novel strategy of ASOs targeting AC104041.1 in combination with salinomycin and 
may as a beneficial treatment approach for HNSCC.

Cell Death & Disease
2020 Aug 13 ; 11:672
Impact Factor:6.304

Materials and Methods
Antisense oligonucleotides: Treatment with 
custom LNA-modified antisense oligonucleotides 
was performed according to the manufacturer’s 
protocol (GenePharma, China). The custom 
sequence of the ASO against AC104041.1 
(AC104041.1- ASO) used was 5′-
UUUCGAGGAGGAGCCAAGATT-3′, and negative-
control ASO (control-ASO) sequence was 5′-
ACGUGACACGUUCGGAGAATT-3′. Both 
oligonucleotides contain phosphorothioate backbone 
and 2′-Ome modifications.
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Abstract 
Background: Lung cancer is one of the fatal cancers worldwide, and over 60% of patients are lung 
adenocarcinoma (LUAD). Our clinical data demonstrated that DNA methylation of the promoter region of 
miR-126-3p was upregulated, which led to the decreased expression of miR-126-3p in 67 cases of lung 
cancer tissues, implying that miR-126-3p acted as a tumor suppressor. Transduction of miR-126-3p is a 
potential therapeutic strategy for treating LUAD, yet the physiological environment and properties of miRNA 
challenge current transduction approaches.
Methods: We evaluated the expression of miR-126-3p in 67 pairs of lung cancer tissues and the 
corresponding adja-cent non-tumorous tissues by Reverse transcription-quantitative polymerase chain 
reaction (RT-qPCR). The relation-ship between the overall survival of lung cancer patients and miR-126-3p 
was analyzed by the Cancer Genome Atlas cohort database (Oncolnc, http:// www. oncol nc. org). We 
analyzed DNA methylation Methylation-specific PCR (MSP) analysis. To determine whether ADAM9 is the 
direct target of miR-126-3p, we performed the 3′-UTR luciferase reporter assay. The protein levels in the cells 
or tissues were evaluated with western blotting (WB) analysis. The biodistribution of nanoparticles were 
monitored by in vivo tracking system.

Molecular Cancer 
2022 Dec;21(1):1-19 
Impact Factor:41.444

Materials 
6R-PLGLAG-6R (GL Biochem Ltd, Shang-hai, China) and miR-126-3p (Genepharma, 
Shanghai, China) were dissolved in RNase free water to prepare at concentrations of 10  mg/mL 
and 1  mg/mL, respectively. 

RESEARCH

The reversion of DNA methylation-induced 
miRNA silence via biomimetic 
nanoparticles-mediated gene delivery 
for efficient lung adenocarcinoma therapy

Open Access

miRNA synthesis 
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Cell 
2017 Jul 27; 170: 548-63 
Impact Factor: 31.398 

Methods 
siRNAs, miRNA mimics, and 
inhibitors were purchased 
from Genepharma (Shanghai, 
China) (Table S7). 
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METTL14-mediated  m6A modification 
of circORC5 suppresses gastric cancer 
progression by regulating miR-30c-2-3p/AKT1S1 
axis
Hui‑Ning Fan†, Zhao‑Yu Chen†, Xiao‑Yu Chen, Ming Chen, You‑Cai Yi, Jin‑Shui Zhu* and Jing Zhang* 

Open Access

Abstract 
Background: N6-methyladenosine  (m6A) RNA methylation and circular RNAs (circRNAs) have been shown to act 
vital roles in multiple malignancies including gastric cancer (GC). However, there is little knowledge about how  m6A 
modification of circRNAs contributes to GC progression.
Methods: The association of METTL14 expression with the clinicopathological characteristics and prognosis in 
patients with GC was assessed by Western blot, Immunohistochemistry and public datasets. In vitro and vivo 
function experiments were conducted to investigate the role of METTL14 in GC. Furthermore,  m6A circRNA 
epitranscrip tomic microarray was utilized to identify METTL14 mediated  m6A modification of circRNAs, which 
were validated by methylated RNA immunoprecipitation (Me RIP), RT qPCR and rescue experiments in GC 
cells. The sponge of circORC5 with miR-30c-2-3p was confirmed by luciferase gene report and RNA 
immunoprecipitation assays. The expression, localization and prognosis of circORC5 in GC were evaluated by 
fluorescence in situ-hybridization. The effects of METTL14 and (or) circORC5 on miR-30c-2-3p mediated AKT1S1 
and EIF4B were estimated by RT qPCR and Western blot analyses.
Conclusion: Our findings demonstrate that METTL14 mediated  m6A modification of circORC5 suppresses 
gastric cancer progression by regulating miR-30c-2-3p/AKT1S1 axis.
Keywords: m6A, METTL14, circORC5, miR-30c-2-3p, Gastric cancer

Molecular Cancer
2022 Dec;21(1):1-14
Impact Factor:27.401

Materials 
METTL14 Plasmid vector, siRNA targeting METTL14 (si-METTL14, 5’-CCG ACA GCA TTG GTG 
CCG TGT TAAA -3’) or circORC5 (si-circORC5, 5’- AGCT AT TGC AAG CAT CAT GGA-3’), 
miR-30c-2-3p mimics and inhibitor were purchased from GenePharma (Shanghai, China). 
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RESEARCH

CircRNF220, not its linear cognate gene 
RNF220, regulates cell growth and is associated 
with relapse in pediatric acute myeloid leukemia
Xiaodan Liu1,2†, Xiaoping Liu2,3†, Mansi Cai2,3, Ailing Luo2,3, Yingyi He2, Sha Liu2, Xiaohong Zhang2, Xu Yang2,3, 
Ling Xu2* and Hua Jiang2* 

Open Access

Abstract 
Background: Circular RNAs (circRNAs) constitute a family of transcripts with unique structures and have been 
confirmed to be critical in tumorigenesis and to be potential biomarkers or therapeutic targets. However, only a 
few circRNAs have been functionally characterized in pediatric acute myeloid leukemia (AML).
Methods: Here, we investigated the expression pattern of circRNAs in pediatric AML using a circRNA 
microarray. The characteristics, potential diagnostic value, and prognostic significance of circRNF220 were 
evaluated. A series of functional experiments were performed to investigate the role of circRNF220 in primary 
pediatric AML cells. Then we investigated the aberrant transcriptional networks regulated by circRNF220 in 
primary AML cells by RNA-seq. Further-more, biotin RNA pulldown assays were implemented to verify the 
relationship between circRNF220 and miR-30a.
Results: We identified a circRNA, circRNF220, which was specifically abundant in and accumulated in the 
peripheral blood and bone marrow of pediatric patients with AML. It could distinguish AML from ALL and other 
hematologi-cal malignancies with high sensitivity and specificity. Significantly, circRNF220 expression 
independently predicted prognosis, while high expression of circRNF220 was an unfavorable prognostic marker 
for relapse. Furthermore, we characterized the function of circRNF220 and found that circRNF220 knockdown 
specifically inhibited proliferation and promoted apoptosis in AML cell lines and primary cells. Mechanistically, 
circRNF220 may act as an endogenous sponge of miR-30a to sequester miR-30a and inhibit its activity, which 
increases the expression of its targets MYSM1 and IER2 and implicated in AML relapse.
Conclusions: Collectively, these findings demonstrated that circRNF220 could be highly efficient and specific 
for the accurate diagnosis of pediatric AML, with implications for relapse prediction.
Keywords: Circular RNA, RNF220, miR-30a, Acute myeloid leukemia

Molecular Cancer
2021 Dec;20(1):1-18
Impact Factor:27.401

Materials 
The miR-30a mimics (miR-30a) or its inhibitor (inhibitor-miR-30a) and scrambled oligonucleo-
tides (miR-NC or inhibitor-NC) were purchased from GenePharma Biotech (Shanghai, China). 
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Interferon-g (IFN-g) has a critical role in immune responses to intracellular bacterial infection. MicroRNAs (miRNAs) 
are important in the regulation of innate and adaptive immunity. However, whether miRNAs can directly target IFN-g 
and regulate IFN-g production post-transcriptionally remains unknown. Here we show that infection of mice with 
Listeria monocytogenes or Mycobacterium bovis bacillus Calmette-Guérin (BCG) downregulated miR-29 expression 
in IFN-g-producing natural killer cells, CD4+ T cells and CD8+ T cells. Moreover, miR-29 suppressed IFN-g 
production by directly targeting IFN-g mRNA. We developed mice with transgenic expression of a ‘sponge’ target to 
compete with endogenous miR-29 targets (GS29 mice). We found higher serum concentrations of IFN-g and lower 
L. monocytogenes burdens in L. monocytogenes–infected GS29 mice than in their littermates. GS29 mice had
enhanced T helper type 1 (TH1) responses and greater resistance to infection with BCG or Mycobacterium
tuberculosis. Therefore, miR-29 suppresses immune responses to intracellular pathogens by targeting IFN-g.

Nature Immunology 
2011 Sep; 12(9): 861-70 
Impact Factor: 26.008 

Online Methods 
PPD was from the China Institute of Veterinary Drug Control, 
and miRNA mimics were from GenePharma. 

31



The tumour stroma is an active participant during cancer progression. Stromal cells promote tumour progression 
and metastasis through multiple mechanisms including enhancing tumour invasiveness and angiogenesis, and 
suppressing immune surveillance. We report here that miR-126/miR-126_, a microRNA pair derived from a single 
precursor, independently suppress the sequential recruitment of mesenchymal stem cells and in_ammatory 
monocytes into the tumour stroma to inhibit lung metastasis by breast tumour cells in a mouse xenograft model. 
miR-126/miR-126_ directly inhibit stromal cell-derived factor-1 alpha (Sdf-1_) expression, and indirectly suppress 
the expression of chemokine (C_C motif) ligand 2 (Ccl2) by cancer cells in an Sdf-1_- dependent manner. 
miR-126/miR-126_ expression is downregulated in cancer cells by promoter methylation of their host gene Eg_7. 
These _ndings determine how this microRNA pair alters the composition of the primary tumour microenvironment to 
favour breast cancer metastasis, and demonstrate a correlation between miR-126/126_ downregulation and poor 
metastasis-free survival of breast cancer patients. 

Nature Cell Biology 
2013 Mar; 15(3): 284-304 
Impact Factor: 20.085 

Methods 
Mature miR-126 mimic, miR-126* 
mimic and controlRNA duplexes were 
obtained from GenePharma. 

32



Rapid and efficient disease-induced or critical-size bone regeneration remains a challenge in tissue engineering 
due to the lack of highly bioactive biomaterial scaffolds. Physical structures such as nanostructures, chemical 
components such as silicon elements, and biological factors such as genes have shown positive effects on bone 
regeneration. Herein, a bioactive photoluminescent elastomeric silicate-based nanofibrous scaffold with sustained 
miRNA release is reported for promoting bone regeneration based on a joint physico chemical-biological strategy. 
Bioactive nanofibrous scaffolds are fabricated by cospinning poly (ε-caprolactone) (PCL), elastomeric poly 
(citrates-siloxane) (PCS), and bioactive osteogenic miRNA nanocomplexes (denoted PPM nanofibrous scaffolds). 
The PPM scaffolds possess uniform nanostructures, significantly enhanced tensile stress (≈15 MPa) and modulus 
(≈32 MPa), improved hydrophilicity (30–60°), controlled biodegradation, and strong blue fluorescence. Bioactive 
miRNA complexes are efficiently loaded into the nanofibrous matrix and exhibit long-term release for up to 70 h. 
The PPM scaffolds significantly promote the adhesion, proliferation, and osteoblast differentiation of bone marrow 
stem cells in vitro and enhanced rat cranial defect restoration (12 weeks) in vivo. This work reports an attractive 
joint physico-chemical-biological strategy for the design of novel cell/protein-free bioactive scaffolds for synergistic 
tissue regeneration.

Hepatology, Vol. 0, No. 0, 2021 

HBV/Pregenomic RNA Increases the Stemness 
and Promotes the Development of HBV-Related 
HCC Through Reciprocal Regulation With 
Insulin- Like Growth Factor 2 mRNA- Binding 
Protein 3
Wen- bin Ding,1-3* Meng- chao Wang,1-3* Jian Yu,1-3* Gang Huang,1-3* Da- peng Sun,1-3* Lei Liu,1-3 Jia- ning Zhang,1-3 Yuan Yang,1-3 Hui 
Liu ,1-3 Wei- ping Zhou,1-3 Fu Yang,4 and Sheng- xian Yuan1-3

HEPATOLOGY
2021 Mar 14
Impact Factor: 17.425

Materials and Methods
The mimics and inhibitor of miR-let-7e-5p and corresponding miR-NC were designed and 
synthesized by the Shanghai Genepharma Company (Shanghai, China).
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ABSTRACT
Fracture nonunion remains a great challenge for orthopedic surgeons. Fracture repair comprises of three phases, the 
inflammatory, repair and remodeling stage. Extensive advancements have been made in the field of bone repair, 
including development of strategies to balance the M1/M2 macrophage populations, and to improve osteogenesis 
and angiogenesis. However, such developments focused on only one or the latter two phases, while ignoring the 
inflammatory phase during which cell recruitment occurs. In this study, we combined Stromal Cell- Derived Factor-1α 
(SDF-1α) and M2 macrophage derived exosomes (M2D-Exos) with a hyaluronic acid (HA)- based hydrogel precursor 
solution to synthesize an injectable, self-healing, adhesive HA@SDF-1α/M2D-Exos hydrogel. The HA hydrogel 
demonstrated good biocompatibility and hemostatic ability, with the 4% HA hydrogels displaying great antibacterial 
activity against gram-negative E. coli and gram-positive S. aureus and Methicillin-resistant Staphylococcus aureus 
(MRSA). Synchronously and sustainably released SDF-1α and M2D- Exos from the HA@SDF-1α/M2D-Exos 
hydrogel enhanced proliferation and migration of human bone marrow mesenchymal stem cell (HMSCs) and Human 
Umbilical Vein Endothelial Cells (HUVECs), promoting osteo-genesis and angiogenesis both in vivo and in vitro. 
Overall, the developed HA@ SDF-1α/M2D-Exos hydrogel was compatible with the natural healing process of 
fractures and provides a new modality for accelerating bone repair by coupling osteogenesis, angiogenesis, and 
resisting infection at all stages.   

Bioactive Materials
2022 Aug;:
Impact Factor: 16.874

Materials and Methods
AgomiR-5106 and antagomiR-5106 were synthesized by GenePharma (Shanghai, China),

Bioactive Materials xxx (xxxx) xxx

Multifunctional hydrogel enhances bone regeneration through sustained 
release of Stromal Cell-Derived Factor-1α and exosomes 

Lang Chen a,b,c,1, Chenyan Yu a,b,1, Yuan Xiong a,b,1, Kai Chen a,d,1, Pei Liu a,d, 
Adriana C. Panayi e, Xiufeng Xiao a,d,****, Qian Feng a,d, f,***, Bobin Mi a,b,**, Guohui Liu a,b,*

Contents lists available at ScienceDirect 
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Biomimetic Elastomeric Bioactive Siloxane-Based 
Hybrid Nanofibrous Scaffolds with miRNA Activation: 
A Joint Physico-Chemical-Biological Strategy for 
Promoting Bone Regeneration

Meng Yu, Yuzhang Du, Yong Han, and Bo Lei*

Rapid and efficient disease-induced or critical-size bone regeneration remains a challenge in tissue 
engineering due to the lack of highly bioactive biomaterial scaffolds. Physical structures such as 
nanostructures, chemical components such as silicon elements, and biological factors such as genes have 
shown positive effects on bone regeneration. Herein, a bioactive photoluminescent 
elastomeric silicate-based nanofibrous scaffold with sustained miRNA release is reported for promoting bone 
regeneration based on a joint physico chemical-biological strategy. Bioactive nanofibrous scaffolds are fabricated 
by cospinning poly (ε-caprolactone) (PCL), elastomeric poly (citrates-siloxane) (PCS), and bioactive osteogenic 
miRNA nanocomplexes (denoted PPM nanofibrous scaffolds). The PPM scaffolds possess uniform 
nanostructures, significantly enhanced tensile stress (≈15 MPa) and modulus (≈32 MPa), improved hydrophilicity 
(30–60°), controlled biodegradation, and strong blue fluorescence. Bioactive miRNA complexes are efficiently 
loaded into the nanofibrous matrix and exhibit long-term release for up to 70 h. The PPM scaffolds significantly 
promote the adhesion, proliferation, and osteoblast differentiation of bone marrow stem cells in vitro and 
enhanced rat cranial defect restoration (12 weeks) in vivo. This work reports an attractive joint physico-chemical-
biological strategy for the design of novel cell/protein-free bioactive scaffolds for synergistic tissue regeneration.

Advanced Science 
2019 Sep 29 ; 190613
Impact Factor: 16.836

Materials 
In this study, PCL-PCS (0.3) was used as the 
substance to load miRNA.For preparing miRNA 
complexes-loaded nanofibrous scaffolds, the 
freeze-dried power of miRNA (GenePharma, 
China) 
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Abstract
Aging is the leading cause of several degenerative diseases. Photoaging due to ultraviolet (UV) exposure accounts 
for more than 80% of facial aging, which is a complex and incompletely understood process. Here, we explored the 
mechanisms of skin photoaging and increased chromatin accessibility in UVB-irradiated human dermal fi-broblasts 
(UVB-HDFs). Especially, we investigated key skin photoaging pathways and inflammatory responses characterized 
by exons occupied by active and repressive chromatin marks. mRNA sequencing revealed changes in mRNA 
expression levels—1180 genes were upregulated, and 1080 genes were downregulated in UVB-HDFs. In addition, 
393 differentially expressed microRNAs (miRNAs) were detected in the extracellular vesicles (EVs) derived from 
UVB-HDFs; among these miRNAs, miRNA-22-5p (miR-22-5p) was significantly upregulated and targeted growth 
differentiation factor 11 (GDF11). We determined that GDF11 expression in human skin tissues was strongly 
associated with age, and GDF11 overexpression in HDFs attenuated UVB-induced damage. Furthermore, when EVs 
derived from miR-22-5p-inhibited HDF spheroids were administered to UVB-irradiated nude mice, they ameliorated 
skin photoaging. These findings suggest that the downregulation of miR-22-5p in EVs of HDFs can regulate GDF11 
to treat skin photoaging. Our study provides a potential cell-free approach for promoting skin repair and treating skin 
photoaging.   

CHEMICAL ENGINEERING JOURNAL 
2023 Jan;452:139553
Impact Factor: 16.744

Materials and Methods
The miRNA-22-5p mimics (mic), negative control (nc), miRNA-22- 5p inhibitor (Inh), and 
inhibitor negative control (Inc) were obtained from GenePharma Biotechnology (Suzhou, 
China),

Chemical Engineering Journal 452 (2023) 139553

Extracellular vesicles derived from human dermal fibroblast effectively 
ameliorate skin photoaging via miRNA-22-5p-GDF11 axis 

Hao Wu a,1, Jie Wang a,1, Yue Zhao a, Youyou 
 
Qin a, Xi Chen b, Yongting Zhou a, Hao Pang a, 

Zidi Xu a, Xueyi Liu a, Ying Yu a, Zhibo Xiao a,*
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Aged bone marrow mesenchymal stem cells (BMSCs) exhibit aberrant self-renewal and lineage specification, which 
contribute to imbalanced bone-fat and progressive bone loss. In addition to known master regulators of lineage 
commitment, it is crucial to identify pivotal switches governing the specific differentiation fate of aged BMSCs. Here, 
we profiled differences in epigenetic regulation between adipogenesis and osteogenesis and identified super-
enhancer associated lncRNA nuclear-enriched abundant transcript 1 (NEAT1) as a key bone-fat switch in aged 
BMSCs. We validated that NEAT1 with high enhancer activity was transcriptionally activated by ATF2 and directed 
aged BMSCs to a greater propensity to differentiate toward adipocytes than osteoblasts by mediating mitochondrial 
function. Furthermore, we confirmed NEAT1 as a protein-binding scaffold in which phosphorylation modification of 
SOX2 Ser249/250 by CDK2 impaired SOX2/OCT4 complex stability and dysregulated downstream transcription 
networks of pluripotency maintenance. In addition, by sponging miR-27b-3p, NEAT1 upregulated BNIP3L, BMP2K, 
and PPARG expression to shape mitochondrial function and osteogenic/adipogenic differentiation commitment, 
respectively. In extracellular communication, NEAT1 promoted CSF1 secretion from aged BMSCs and then 
strengthened osteoclastic differentiation by extracellular vesicle delivery. Notably, Neat1 small interfering RNA 
delivery induced increased bone mass in aged mice and decreased fat accumulation in the bone marrow. These 
findings suggest that NEAT1 regulates the lineage fates of BMSCs by orchestrating mitochondrial function and 
pluripotency maintenance, and might be a potential therapeutic target for skeletal aging.

Cell Death & Differentiation
2021 Sep 08 
Impact Factor: 15.882

Materials and Methods
5′Biotin-labeled oligonucleotide probes targeting the junction sites of sense and antisense 
NEAT1 (NR_028272) were designed and synthesized (GenePharma, Shanghai, China).
The miRNA pulldown assay was performed using biotinylated miR-27b-3p mimic and 
miR-27b-3p mimic NC (GenePharma, Shanghai, China)

ARTICLE OPEN

LncRNA NEAT1 controls the lineage fates of BMSCs during
skeletal aging by impairing mitochondrial function and
pluripotency maintenance
Hengguo Zhang1,2,6, Rongyao Xu1,2,6, Bang Li1,2, Zhili Xin1,2, Ziji Ling1,2, Weiwen Zhu1,2, Xiang Li1,2, Ping Zhang1,2, Yu Fu1,2, Jiyu Chen3,
Laikui Liu1,4, Jie Cheng1,2 and Hongbing Jiang 1,2,5✉
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Abstract
The aberrant classical miRNAs are considered to play significant roles in tumor progression. However, it 
remains unclear for nonclassical miRNAs, a set of Drosha-independent miRNAs in the process of various 
biology. Here, we reveal that a nonclassical miR-4646-5p plays a pivotal role in gastric cancer (GC) metastasis. 
MiR-4646-5p, one of Drosha-independent mirtronic miRNA, is aberrant up-regulated in Drosha-low expressed 
GC and Drosha-knockdown gastric cancer cells. Mirtronic miR-4646-5p is a specific transcription splicing 
product of intron 3 of the host gene Abhd16a with the aid of SRSF2. The enhanced miR-4646-5p can stabilize 
HIF1A by targeting PHD3 to positive feedback regulate Abhd16a and miR-4646-5p itself expressions. 
ABHD16A, as an emerging phosphatidylserine-specific lipase, involves in lipid metabolism leading to 
lysophosphatidylserines (lyso-PSs) accumulation, which stimulates RhoA and downstream LIMK/cofilin 
cascade activity through GPR34/Gi subunit, thus causes metastasis of gastric cancer. In addition, miR-4646-5p/
PHD3/HIF1A signaling can also up-regulate RhoA expression and synergistically promote gastric cancer cell 
invasion and metastasis. Our study provides new insights of nonclassical mirtronic miRNA on tumor progress 
and may serve as a new diagnostic biomarker for gastric cancer. MiR-4646-5p and its host gene Abhd16a 
mediated abnormal lipid metabolism may be a new target for clinical treatment of gastric cancer.

Cell Death & Differentiation
2021 Apr 2 
Impact Factor: 15.828

Materials 
And the lentivirus expression vectors of shRNAs against Drosha, HIF1A, PHD3, ABHD16A, 
GPR34, SRSF2, and the control shRNA were purchased from GenePharma .
Mimics, inhibitors and antagomir of miR-4646-5p were also purchased from 
GenePharma .

Cell Death & Differentiation
https://doi.org/10.1038/s41418-021-00779-y
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RESEARCH Open Access

Circular RNA circNRIP1 acts as a microRNA-
149-5p sponge to promote gastric cancer
progression via the AKT1/mTOR pathway
Xing Zhang1†, Sen Wang1†, Haixiao Wang4†, Jiacheng Cao1†, Xiaoxu Huang1, Zheng Chen2, Penghui Xu1,
Guangli Sun1, Jianghao Xu1, Jialun Lv1 and Zekuan Xu1,3*

Zhang et al. Molecular Cancer           (2019) 18:20 
https://doi.org/10.1186/s12943-018-0935-5

Abstract
Background: CircRNA has emerged as a new non-coding RNA that plays crucial roles in tumour initiation and 
development. ‘MiRNA sponge’ is the most reported role played by circRNAs in many tumours. The AKT/mTOR 
axis is a classic signalling pathway in cancers that sustains energy homeostasis through energy production 
activities, such as the Warburg effect, and blocks catabolic activities, such as autophagy. Additionally, the AKT/
mTOR axis exerts a positive effect on EMT, which promotes tumour metastasis. Methods: We detected higher 
circNRIP1 expression in gastric cancer by performing RNA-seq analysis. We verified the tumour promotor role 
of circNRIP1 in gastric cancer cells through a series of biological function assays. We then used a pull-down 
assay and dual-luciferase reporter assay to identify the downstream miR-149-5p of circNRIP1. Western blot 
analysis and immunofluorescence assays were performed to demonstrate that the circNRIP1-miR-149-5p-
AKT1/mTOR axis is responsible for the altered metabolism in GC cells and promotes GC development. We 
then adopted a co-culture system to trace circNRIP1 transmission via exosomal communication and RIP 
experiments to determine that quaking regulates circNRIP1 expression. Finally, we confirmed the tumour 
suppressor role of microRNA-133a-3p in vivo in PDX mouse models.
Results: We discovered that knockdown of circNRIP1 successfully blocked proliferation, migration, invasion 
and the expression level of AKT1 in GC cells. MiR-149-5p inhibition phenocopied the overexpression of 
circNRIP1 in GC cells, and overexpression of miR-149-5p blocked the malignant behaviours of circNRIP1. 
Moreover, it was proven that circNRIP1 can be transmitted by exosomal communication between GC cells, and 
exosomal circNRIP1 promoted tumour metastasis in vivo. We also demonstrated that quaking can promote 
circNRIP1 transcription. In the final step, the tumour promotor role of circNRIP1 was verified in PDX models.
Conclusions: We proved that circNRIP1 sponges miR-149-5p to affect the expression level of AKT1 and 
eventually acts as a tumour promotor in GC.
Keywords: Gastric cancer, circRNA, miRNA, ceRNA, AKT1, Organoid, PDX model

Molecular Cancer
2019 February 4 ; 18:20
Impact Factor:15.302

Materials 
CircNRIP1 siRNA, miRNA mimics and 
inhibitors(GenePharma,Shanghai,China) 
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Hepatocytes are critical for the maintenance of liver homeostasis, but its involvement in hepatic fibrogenesis 
remains elusive. Hepatocyte nuclear factor 1α (HNF1α) is a liver-enriched transcription factor that plays a key role 
in hepatocyte function. Our previous study revealed a significant inhibitory effect of HNF1α on hepatocellular 
carcinoma. In this study, we report that the expression of HNF1α is significantly repressed in both human and rat 
fibrotic liver. Knockdown of HNF1 α  in the liver significantly aggravates hepatic fibrogenesis in either 
dimethylnitrosamine (DMN) or bile duct ligation (BDL) model in rats. In contrast, forced expression of HNF1α 
markedly alleviates hepatic fibrosis. HNF1α regulates the transcriptional expression of SH2 domain-containing 
phosphatase-1 (SHP-1) via directly binding to SHP-1 promoter in hepatocytes. Inhibition of SHP-1 expression 
abrogates the anti-fibrotic effect of HNF1α  in DMN-treated rats. Moreover, HNF1α  repression in primary 
hepatocytes leads to the activation of NF-κB and JAK/ STAT pathways and initiates an inflammatory feedback 
circuit consisting of HNF1α, SHP-1, STAT3, p65, miR-21 and miR-146a, which sustains the deregulation of HNF1
α in hepatocytes. More interestingly, a coordinated crosstalk between hepatocytes and hepatic stellate cells 
(HSCs) participates in this positive feedback circuit and facilitates the progression of hepatocellular damage. Our 
findings demonstrate that impaired hepatocytes play an active role in hepatic fibrogenesis. Early intervention of 
HNF1α-regulated inflammatory feedback loop in hepatocytes may have beneficial effects in the treatment of 
chronic liver diseases. 

Cell research
2015 Aug; 25(8): 930-45 
Impact Factor: 14.812 

Materials and Methods 
siRNA, miRNA mimics, miRNA 
inhibitors and their negative 
controls (NC or NC inhibitors) 
were synthesized by GenePharma 
(Shanghai GenePharma Co., Ltd., 
Shanghai, China) 
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Myeloid-derived suppressor cells (MDSCs) are a group of immature myeloid cells that play an important role in 
diseases. MDSCs promote Th17 differentiation and aggravate sys-temic lupus erythematosus (SLE) progression by 
producing arginase-1 to metabolize arginine. However, the metabolic reg-ulators remain unknown. Here, we report 
that MDSC deriva-tive polyamines can promote Th17 differentiation via miR-542–5p in vitro. Th17 polarization was 
enhanced in response to polyamine treatment or upon miR-542–5p overexpression. The TGF-b/SMAD3 pathway was 
shown to be involved in miR-542-5p-facilitated Th17 differentiation. Furthermore, miR-542–5p expression positively 
correlated with the levels of polyamine synthetases in peripheral blood mononuclear cells of patients with SLE as well 
as disease severity. In humanized SLE model mice, MDSC depletion decreased the levels of Th17 cells, 
accompanied by reduced expression of miR-542–5p and these polyamine synthetases. In addition, miR-542–5p 
expression positively correlated with the Th17 level and disease severity in both patients and humanized SLE mice. 
Together, our data reveal a novel molecular pathway by which MDSC-derived polyamine metabolism enhances Th17 
differentiation and aggravates SLE.

MOLECULAR THERAPY
2022 Oct;:013
Impact Factor:12.91

Materials and Methods
HiPerFect trans-fection reagent (0.6 mL, Qiagen) and hsa-miR542–5p mimics, inhibitor, or control 
(0.3 mL, GenePharma) were prepared in 20 mLof complete 1640 medium.
Invivofectamine 3.0 reagent (Invitrogen) and hsa-miR542–5p agomir, antagomir, or control 
(GenePharma) were used for in vivo transfec-tion according to the manufacturer’s instructions and 
intravenously injected into NSG mice, which were transfected for 3 weeks. 

Original Article

Polyamines from myeloid-derived
suppressor cells promote Th17
polarization and disease progression
Cong Hu,1,2,3 Yu Zhen,4 Zhanchuan Ma,1,2 Li Zhao,5 Hao Wu,6 Chang Shu,7 Bo Pang,1,8 Jinyu Yu,9 Ying Xu,6

Xin Zhang,10 Xiang-yang Wang,11 and Huanfa Yi1,2

Please cite this article in press as: Hu et al., Polyamines from myeloid-derived suppressor cells promote Th17 polarization and disease progression, Molec-
ular Therapy (2022), https://doi.org/10.1016/j.ymthe.2022.10.013
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Abstract 
Background: Liver metastasis (LM) is a major obstacle to the prognosis of gastric cancer (GC) patients, but 
the molecular mechanism underlying gastric cancer liver metastasis (GC-LM) remains unknown. Exosomes 
have been identified as an important mediator of communication between tumor cells and the 
microenvironment. Therefore, we sought to investigate the effects of primary GC cells on the liver 
microenvironment and the role of exosomal microRNAs (exo-miRNA) in GC-LM.
Methods: Sequential differential centrifugation, transmission electron microscopy and NanoSight analysis 
were used to extract and characterize exosomes. MicroRNA sequencing in GC-derived exosomes and mRNA 
sequencing in PMA-treated THP-1 cells were used to identify differentially expressed miRNAs in exosomes 
and the functional targets of exosomal miR-519a-3p (exo-miR-519a-3p) in macrophages, respectively. Tracing 
and internalization of exosomes and transfer of exo-miR-519a-3p were observed by immunofluorescence. 
Tubule formation assays, aortic ring assays, and exosome-educated GC-LM model were used to investigate 
the roles of GC-derived exosomes and exo-miR-519a-3p in angiogenesis and GC-LM. Luciferase reporter 
assay, qRT-PCR, Western blot, ELISA, flow cytometry and immunofluo-rescence were used to investigate the 
regulatory mechanism of exo-miR-519a-3p at GC-LM.
Results: The expression level of miR-519a-3p in serum exosomes was significantly higher in GC-LM patients 
than in patients without LM, and high expression of exo-miR-519a-3p indicates a worse prognosis. GC-
derived exosomes are mainly accumulated in the liver and internalized by intrahepatic macrophages. 
Mechanistically, exo-miR-519a-3p activates the MAPK/ERK pathway by targeting DUSP2, thereby causing 
M2-like polarization of macrophages. M2-like polarized macrophages accelerate GC-LM by inducing 
angiogenesis and promoting intrahepatic premetastatic niche formation.
Conclusions: Our results indicate that exo-miR-519a-3p plays a critical role in mediating crosstalk between 
primary GC cells and intrahepatic macrophages and is a potential therapeutic target for GC-LM.

JOURNAL OF EXPERIMENTAL & CLINICAL 
CANCER RESEARCH
2022 Dec;41(1):1-20
Impact Factor:12.658

Materials and Methods
The miR-519a-3p inhibitor/mimics or negative controls were purchased from GenePharma 
Co.

RESEARCH

Gastric cancer-derived exosomal 
miR-519a-3p promotes liver metastasis 
by inducing intrahepatic M2-like 
macrophage-mediated angiogenesis
Shengkui Qiu1,2†, Li Xie1†, Chen Lu1†, Chao Gu1†, Yiwen Xia1, Jialun Lv1, Zhe Xuan1, Lang Fang1, Jing Yang1, 
Lu Zhang1, Zheng Li1, Weizhi Wang1, Hao Xu1,3, Bowen Li1* and Zekuan Xu1,3* 

Open Access

42



Abstract
Activated fibroblasts are critical contributors to renal interstitial fibrosis thus becoming the cellular target for fibrosis 
treatment. Previously, microRNA 29 b (miR-29 b) is shown to be down-regulated in various animal models of renal 
fibrosis. Herein, we describe a facile strategy to achieve localized and sustained delivery of therapeutic microRNA to 
the kidney via a host-guest supramolecular hydrogel. Specifically, cationic bovine serum albumin is used to complex 
with miR-29 b to afford nanocomplexes (cBSA/miR-29 b), which is proven to specifically inhibit fibroblast activation in 
a dose-dependent manner in vitro. Following unilateral ureteral obstruction in mice, a single injection of the hydrogel 
loaded with cBSA/miR-29 b in vivo, significantly down- regulated proteins and genes related to fibrosis for up to 21 
days without affecting the normal liver or kidney functions. Overall, the localized delivery of cBSA/miR-29 b via a 
host-guest supramolecular hydrogel represents a safe and effective intervention strategy to delay and reverse the 
progression of interstitial renal fibrosis.   

Biomaterials 
2021 May 27 ; 120902
Impact Factor:12.479

Materials and Methods
miR-29 b mimics (sense: 5′- UAGCACCAUUUGAAAUCAGUGUU-3’; 
anti-sense: 5′-CACUGAUUU-CAAAUGGUGCUAUU-3′), Cy5-miR-29 b mimics, miR-NC were 
supplied by GenePharma (Shanghai, China). 

Biomaterials 275 (2021) 120902

Extended-release of therapeutic microRNA via a host-guest supramolecular 
hydrogel to locally alleviate renal interstitial fibrosis 
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Macroautophagy, a key player in protein quality control, is proposed to be systematically impaired in distinct 
tissues and causes coordinated disruption of protein homeostasis and ageing throughout the body. Although 
tissue-specific changes in autophagy and ageing have been extensively explored, the mechanism underlying 
the inter-tissue regulation of autop-hagy with ageing is poorly understood. Here, we show that a secreted 
microRNA, mir-83/miR-29, controls the age-related decrease in macroautophagy across tissues in 
Caenorhabditis elegans. Upregulated in the intestine by hsf-1/HSF1 with age, mir-83 is transported across 
tissues potentially via extracellular vesicles and disrupts macroautophagy by suppressing CUP-5/MCOLN, a 
vital autophagy regulator, autonomously in the intestine as well as non-autonomously in body wall muscle. 
Mutating mir-83 thereby enhances macroautophagy in different tissues, promoting protein homeostasis and 
longevity. These findings thus identify a microRNA-based mechanism to coordinate the decreasing 
macroautophagy in various tis-sues with age.
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Nature communications
2019 Oct 23 ; 10:4827
Impact Factor: 12.121

Materials 
MicroRNA mimics were ordered from  
GenePharma. 
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A secreted microRNA disrupts autophagy
in distinct tissues of Caenorhabditis elegans
upon ageing
Yifei Zhou 1, Xueqing Wang1, Mengjiao Song1, Zhidong He1, Guizhong Cui 1, Guangdun Peng 2,3,

Christoph Dieterich4, Adam Antebi5,6, Naihe Jing 1 & Yidong Shen 1*

https://doi.org/10.1038/s41467-019-12821-2 OPEN
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Platelet-derived miR-223 promotes a phenotypic 
switch in arterial injury repair
Zhi Zeng1, Luoxing Xia,1 Xuejiao Fan,1 Allison C. Ostriker,2 Timur Yarovinsky,2 Meiling Su,1 Yuan Zhang,1 Xiangwen Peng,1 Yi Xie,2 
Lei Pi,3 Xiaoqiong Gu,4 Sookja Kim Chung,5 Kathleen A. Martin,2 Renjing Liu,6,7 John Hwa,2 and Wai Ho Tang1

Upon arterial injury, endothelial denudation leads to platelet activation and delivery of multiple agents (e.g., TXA2, 
PDGF), promoting VSMC dedifferentiation and proliferation (intimal hyperplasia) during injury repair. The process of 
resolution of vessel injury repair, and prevention of excessive repair (switching VSMCs back to a differentiated 
quiescent state), is poorly understood. We now report that internalization of APs by VSMCs promotes resolution of 
arterial injury by switching on VSMC quiescence. Ex vivo and in vivo studies using lineage tracing reporter mice 
(PF4-cre × mT/mG) demonstrated uptake of GFPlabeled platelets (mG) by mTomato red–labeled VSMCs (mT) 
upon arterial wire injury. Genome-wide miRNA sequencing of VSMCs cocultured with APs identified significant 
increases in platelet-derived miR-223. miR-223 appears to directly target PDGFRβ (in VSMCs), reversing the injury-
induced dedifferentiation. Upon arterial injury, platelet miR-223–KO mice exhibited increased intimal hyperplasia, 
whereas miR-223 mimics reduced intimal hyperplasia. Diabetic mice with reduced expression of miR-223 exhibited 
enhanced VSMC dedifferentiation and proliferation and increased intimal hyperplasia. Our results suggest that 
horizontal transfer of latelet-derived miRNAs into VSMCs provides a novel mechanism for regulating VSMC 
phenotypic switching. Platelets thus play a dual role in vascular injury repair, initiating an immediate repair 
process and, concurrently, a delayed process to prevent excessive repair.

The Journal of Clinical Investigation
2019 Jan 15; 129(3):1372-1386
Impact Factor: 11.864

Materials and Methods
To determine the functional role of 
target miRNAs in VSMCs, VSMCs were 
transfected with miR-143 mimic, 
miR-145 mimic, miR-223 mimic, or NC 
(GenePharma) at 100 nM by using 
Lipofectamine RNAiMAX reagent (Invitrogen) 
according to the manufacturer’s protocols. 
The micrON miRNA agomiRs were 
purchased from Shanghai GenePharma Co.
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The abnormal autophagy is associated with a variety of cardiovascular diseases. Long noncoding RNAs (lncRNAs) 
are emerging as new factors in gene regulation, but how lncRNAs operate in the regulation of autophagy in the 
heart is unclear. Here we report that a long noncoding RNA, named autophagy promoting factor (APF), can regulate 
autophagic cell death by targeting miR-188-3p and ATG7. The results show that miR-188-3p suppresses autophagy 
and myocardial infarction by targeting ATG7. Further, we find that APF lncRNA regulates miR-188-3p, and thus 
affects ATG7 expression, autophagic cell death and myocardial infarction. Our present study reveals a novel 
regulating model of autophagic programme, which comprises APF, miR-188-3p and ATG7 in the heart. Modulation 
of their levels may serve as potential targets and diagnostic tools for novel therapeutic strategies of myocardial 
infarction and heart failure. 

Nature communications 
2015 Apr 10; 6: 6779 
Impact Factor: 11.329 

Methods 
For miR-188-3p mimics 
delivery, chemically 
modified mimics were 
2’-OMe modified 
(GenePharma, 
Shanghai). 
The chemically modified antagomirs complementaryto miR-188-3p designed to inhibit 
endogenous miR-188-3p expression, and the antagomir-negative control (antagomir-NC) was 
obtained from GenePharma. 
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Abstract
Background: Cancer-secreted exosomal miRNAs regulates the biological processes of many tumours. The 
serum level of exosomal miR-106b-5p is significantly increased in melanoma patients. However, the role 
and molecular mechanisms of exosomal miR-106b-5p in melanoma remains unclear.
Methods: Quantitative real-time polymerase chain reaction (qRT-PCR) was used to detect the expression of 
miR-106b-5p and EphA4 in melanoma tissues. Transmission electron microscopy (TEM) and western 
blotting were used to identify exosome. QRT-qPCR and Cy3-labelled miR-106b-5p were used to 
demonstrated the transmission of melanoma cell-secreted exosomal miR-106b-5p. Western blotting, 
Immunofluorescence, adhesion, transwell and scratch wound assay were used to explore the role of 
exosomal miR-106b-5p in melanocytes. Luciferase reporter assays and RNA-Chromatin 
Immunoprecipitation (ChIP) assay were used to confirm whether erythropoietin-producing hepatocellular 
carcinoma receptor A4 (EphA4) was a direct target of miR-106b-5p.
Results: We found that miR-106b-5p levels were increased in melanoma tissue, and high miR-106b-5p 
expression is an independent risk factor for the overall survival of patients with melanoma. miR-106b-5p is 
enriched in melanoma cell-secreted exosomes and transferred to melanocytes. Exosomal miR-106b-5p 
promotes the epithelial-to-mesenchymal transition (EMT), migration, invasion and adhesion of melanocytes. 
Exosomal miR-106b-5p exerted its role by targeting EphA4 to activate the ERK pathway. We demonstrated 
that exosomal miR-106b-5p promoted melanoma metastasis in vivo through pulmonary metastasis assay.
Conclusions: Thus, melanoma cell-secreted exosomal miR-106b-5p may serve as a diagnostic indicator 
and potential therapeutic target in melanoma patients.
Keywords: Melanoma, Exosomal, miR-106b-5p, EphA4, EMT

Journal of Experimental & Clinical Cancer 
Research
2021 Mar 19; 40:107
Impact Factor: 11.161

Materials and Methods
miR-106b-5p mimic, miR-106b-5p inhibitor and 
negative controls were chemically synthesized by 
GenePharma , and the small interference RNAs 
(siRNAs) for the reduceion of EphA4 expression 
were also obtained from GenePharma. 
Melanoma cells were transfected with Cy3-labelled 
miR-106b-5p (GenePharma）

RESEARCH Open Access

Exosomal miR-106b-5p derived from
melanoma cell promotes primary
melanocytes epithelial-mesenchymal
transition through targeting EphA4
Wenkang Luan1*†, Yuting Ding2†, Haolan Xi3†, Hongru Ruan1, Feng Lu1, Shaojun Ma1 and Jinlong Wang1

         (2021) 40:107 Luan et al. Journal of Experimental & Clinical Cancer Research
https://doi.org/10.1186/s13046-021-01906-w
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Abstract
Background: Accumulating evidence has revealed that circular RNAs (circRNAs), as novel noncoding 
RNAs, play critical roles in carcinogenesis and tumor progression. However, the functions and molecular 
mechanisms of circRNAs in clear cell renal cell carcinoma (ccRCC) are largely unknown.
Methods: The expression and functions of circAGAP1 were identified in clinical samples, ccRCC cells and in 
vivo animal models. The molecular mechanism of circAGAP1 was investigated by fluorescence in situ 
hybridization, RNA immunoprecipitation and luciferase assays.
Results: circAGAP1 (circ0058792) expression was significantly upregulated in ccRCC tissues compared to 
adjacent nontumor tissues. Moreover, the expression of circAGAP1 was closely related to the tumor size, 
nuclear grade and clinical stage of ccRCC in patients. Mechanistic studies demonstrated that cytoplasmic 
circAGAP1 targeted miR-15-5p in an RNA-induced silencing complex. Additionally, miR-15-5p expression 
was downregulated in ccRCC. Luciferase reporter assays showed that E2F transcription factor 3 (E2F3) was 
a target of miR-15-5p, and upregulated E2F3 expression was positively correlated with circAGAP1 in ccRCC. 
Furthermore, the tumor-promoting functions of circAGAP1 could be alleviated by miR-15-5p mimics in vitro 
and in vivo.
Conclusion: Our results clarify that circAGAP1 exerts its oncogenic functions as a competitive endogenous 
RNA
(ceRNA) by sponging miR-15-5p, which promotes E2F3 expression. Targeting circAGAP1 might be a new 
attractive therapeutic strategy in ccRCC.
Keywords: Clear cell renal carcinoma, circRNA, miR-15, E2F3, ceRNA

Journal of Experimental & Clinical Cancer Research
2021 Feb 22; 40:76
Impact Factor: 11.161

Materials and Methods
miR-15a-5p mimic and corresponding control (NC) were purchased from GenePharma.
circAGAP1 siRNA (5′-GACGATGCCTTCGTGAACA-3′) and control siRNA 
(5′-TTCTCCGAACGTGTCACGT-3′) were produced by GenePharma.

RESEARCH Open Access

CircAGAP1 promotes tumor progression by
sponging miR-15-5p in clear cell renal cell
carcinoma
Qi Lv1†, Gangmin Wang2†, Yinan Zhang3, Aijun Shen1, Junjun Tang1, Yi Sun5, Chunhui Ma4* and Peijun Wang1*

          (2021) 40:76 Lv et al. Journal of Experimental & Clinical Cancer Research
https://doi.org/10.1186/s13046-021-01864-3
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ABSTRACT 
NF- kB-mediated inflammatory phenotypic switching of vascular smooth muscle cells (VSMCs) plays a central role 
in atherosclerosis and neointimal formation. However, little is known about the roles of circRNAs in the regulation of 
NF-kB signaling. Here, we identify the involvement of circ-Sirt1 that was one of transcripts of SIRT1 host gene in 
VSMC inflammatory response and neointimal hyperplasia. First, in the cytoplasm, circ-Sirt1 directly interacts with 
and sequesters NF-kB p65 from nuclear translocation induced by TNF-αin a sequence-dependent manner. The 
inhibitory complex of circ-Sirt1-NF-kB p65 is not dependent on IkBα. Second, circ-Sirt1 binds to miR- 132/212 that 
interferes with SIRT1 mRNA, and facilitates the expression of host gene SIRT1. Increased SIRT1 results in 
deacetylation and inactivation of the nuclear NF-kB p65. These findings illustrate that circ- Sirt1 is a novel 
non-coding RNA regulator of VSMC phenotype. 

Nucleic Acids Research 
2019 Mar; 47(7): 3580-93 
Impact Factor: 11.147 

Methods 
Human embryonic kidney 293A cells were 
co-transfected with a miR132/212 mimic 
(GenePharma) or NC mimic combined with 
400 ng luciferase reporter or an empty vector 
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Preeclampsia (PE) is a pregnancy-specific disorder attributed to deficient extravillous trophoblast (EVT) invasion 
into the uterus, but the mechanism of EVT invasion remains unclear. In this study, we found significantly elevated 
expression of microRNA 21 (miR21), which negatively regulates tropho-blast invasion and migration, in 
preeclamptic placentae. Whole-genome RNA sequencing revealed that PPP2R2B, which encodes PP2A Bb, and 
the Hippo pathway are down-stream targets of miR21. The effects of miR21 on trophoblast mobility were 
abolished in LATS1T1079A/S909A and YAP-5SA mutants. Moreover, we found that PP2A Bb dephosphory-lates 
LATS1 via direct protein-protein interactions and thus modulates the phosphorylation and subcellular distribution 
of YAP. PPP2R2B overexpression ameliorated the miR21-induced LATS1-YAP phosphorylation and cytoplasmic 
sequestration of YAP, which resulted in the rescue of compromised trophoblast invasion and migration. The upre-
gulation of placental miR21 abundance by placenta-specific nanoparticles loaded with agomir-miR21 during 
placentation interfered with PPP2R2B and activated the Hippo pathway in the placenta, leading to a PE-like 
phenotype. Thus, aberrant elevation of miR21 impairs EVT mobility by modulating the PP2A Bb/Hippo axis, which 
is one of the causes of PE.

Molecular Therapy-Nucleic Acids
2022 Sep;:
Impact Factor: 10.183

Materials and Methods
The oligonucleotide sequences of the miR21 mimic, inhibitor, or negative control (Table 3) 
were purchased from GenePharma (China).

Original Article

miR21 modulates the Hippo signaling
pathway via interference with PP2A Bb to inhibit
trophoblast invasion and cause preeclampsia
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Original Article

MicroRNA-411 Downregulation Enhances Tumor
Growth by Upregulating MLLT11 Expression
in Human Bladder Cancer
Honglei Jin,1,5 Wenrui Sun,1,5 Yuanmei Zhang,1,5 Huiying Yan,1 Huating Liufu,1,2 Shuai Wang,1 Caiyi Chen,1 

Jiayan Gu,1 Xiaohui Hua,2 Lingli Zhou,3 Guosong Jiang,4 Dapang Rao,3 Qipeng Xie,3 Haishan Huang,1

and Chuanshu Huang1,2

INTRODUCTION
Bladder cancer (BC) is one of the most common cancers in the west-ern world; it is the fourth most common 
cancer in men and seventh most common cancer in women worldwide.1–3 According to the American Cancer 
Society, 79,030 new cases of BC are expected to be diagnosed and 16,870 patients will die from this disease in 
the United States in 2017.4 The incidence and mortality rates of BC have increased from developing countries in 
Asia.5 In China, the age-standardized incidence rate is 7.68 per 100,000, and the age-stan-dardized mortality 
rate is 3.03 per 100,000.6–8 The tumorigenesis of BC involves genetic alterations, epigenetic alterations, and 
environmental factors.9,10 Currently, the primary therapeutic strategy for patients with early BC is surgery, 
followed by chemo-therapeutic approaches, radiotherapy, and biological therapies. In patients with advanced 
disease, it remains a prevalent and life-threatening malig-nancy, underscoring the need to identify new targets for 
diagnosis and treatment.11 Therefore, it is urgent to develop novel diagnostic and therapeutic targets as well as 
elucidate the molecular mechanisms of these genes and clinical significance for BC to improve the diag-nostic 
accuracy and clinic treatment.

A B C D

E F G H

Molecular Therapy 
2018 Jun 1;11P312-322 
Impact Factor: 7.032

Materials and Methods 
miR-411 and its control vector 
plasmids were purchased from 
GenePharma.
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A R T I C L E O p e n A c c e s s

The MiR-135b–BMAL1–YY1 loop disturbs
pancreatic clockwork to promote
tumourigenesis and chemoresistance
Weiliang Jiang1,2, Senlin Zhao3, Jia  Shen4, Lihong Guo5, Yi Sun6, Yuntian  Zhu7, Zhixiong Ma8, Xin Zhang9, 
Yangyang Hu1,2, Wenqin Xiao6, Kai Li1,2, Sisi Li1,2, Li Zhou1,2, Li Huang1,2, Zhanjun  Lu1,2, Yun Feng1,2, Junhua Xiao10, 
Eric Erquan Zhang8, Lijuan Yang1,2 and Rong Wan1,2

Abstract
Circadian disruption has been implicated in tumour development, but the underlying mechanism remains 
unclear. Here, we show that the molecular clockwork within malignant human pancreatic epithelium is 
disrupted and that this disruption is mediated by miR-135b-induced BMAL1 repression. miR-135b directly 
targets the BMAL1 3′-UTR and thereby disturbs the pancreatic oscillator, and the downregulation of miR-135b 
is essential for the realignment of the cellular clock. Asynchrony between miR-135b and BMAL1 expression 
impairs the local circadian gating control of tumour suppression and significantly promotes tumourigenesis 
and resistance to gemcitabine in pancreatic cancer (PC) cells, as demonstrated by bioinformatics analyses of 
public PC data sets and in vitro and in vivo functional studies. Moreover, we found that YY1 transcriptionally 
activated miR-135b and formed a ‘miR-135b–BMAL1–YY1’ loop, which holds significant predictive and 
prognostic value for patients with PC. Thus, our work has identified a novel signalling loop that mediates 
pancreatic clock disruption as an important mechanism of PC progression and chemoresistance.

Cell Death & Disease
2018 Feb 2; 9:149
Impact Factor: 6.304

Materials and Methods 
One-Step Hairpin-it miRNAs 
qRT-PCR Quantification Kit 
(GenePharma) for miRNAs.

52



IF: 10.679 circRNA
Chen, X., Wang, L., Huang, R., Qiu, H., Wang, P., Wu, D., Na, J. (2019). Dgcr8 deletion in the 
primitive heart uncovered novel microRNA regulating the balance of cardiac-vascular gene program. 
Protein & cell, 10(5), 327-346.  IF:10.164
Lozano J, Montañez R, Belles X. MiR-2 family regulates insect metamorphosis by controlling the 
juvenile hormone signaling pathway. PNAS. 2015 Feb 4. IF: 9.423
Li, Z. L., Lv, L. L., Tang, T. T., Wang, B., Feng, Y., Zhou, L. T., Crowley, S. D. (2019). HIF-1α 
inducing exosomal microRNA-23a expression mediates the cross-talk between tubular epithelial cells 
and macrophages in tubulointerstitial inflammation. Kidney international, 95(2), 388-404.   IF:8.945
Li ZL, Lv LL, Tang TT, et al. HIF-1a inducing exosomal microRNA-23a expression mediates the 
cross-talk between tubular epithelial cells and macrophages in tubulointerstitial inflammation. Kidney 
International. 2019; 95: 388-404. IF: 8.306
Wang YM, Zheng YF, Yang SY, et al. MicroRNA-197 controls ADAM10 expression to mediate 
McCP2’s role in the differentiation of neuronal progenitors. Cell Death & Differentiation. 2018 Dec 3. 
IF: 8.086
Yuan H, Xu X, Feng X, et al. A novel long noncoding RNA PGC1β-OT1 regulates adipocyte and 
osteoblast differentiation through antagonizing miR-148a-3p. Cell Death & Differentiation. 2019 Jan 
14. IF: 8.086
Liu L, He J, Wei X, Wan G, et al. MicroRNA-20a-mediated loss of autophagy contributes to breast
tumorigenesis by promoting genomic damage and instability. Oncogene. 2017 Oct 19; 36: 5874-84.
IF: 6.854
Chen Z, Ren R, Wan D, et al. Has_circ_101555 functions as a competing endogenous RNA of
miR-597-5p to promote colorectal cancer progression. Oncogene. 2019 Mar 26. IF: 6.634 circRNA

Rong Z, Shi S, et al.Circular RNA CircEYA3 induces energy production to promote pancreatic ductal 
adenocarcinoma progression through the miR-1294/c-Myc axis. Mol Cancer. 2021 Aug 21;20(1):106. 
IF：27.401
Liu, Z., Wang, T., She, Y. et al. N6-methyladenosine-modified circIGF2BP3 inhibits CD8+ T-cell 
responses to facilitate tumor immune evasion by promoting the deubiquitination of PD-L1 in non-small 
cell lung cancer. Mol Cancer 20, 105 (2021).IF：27.401
Wang, C., Li, X., Xue, B. et al. RasGRP1 promotes the acute inflammatory response and restricts 
inflammation-associated cancer cell growth. Nat Commun 13, 7001 (2022). IF：17.694
Yang, C., Yuan, W., Yang, X., Li, P., Wang, J., Han, Zhang, W. (2018). Circular RNA circ-ITCH 
inhibits bladder cancer progression by sponging miR-17/miR-224 and regulating p21, PTEN 
expression. Molecular cancer, 17(1), 19.  IF:15.302
Lin, X., Wang, S., Sun, M., Zhang, C., Wei, C., Yang, C. Xiong, B. (2019). miR-195-5p/NOTCH2-
mediated EMT modulates IL-4 secretion in colorectal cancer to affect M2-like TAM polarization. 
Journal of hematology & oncology, 12(1), 1-14.  IF:11.059
Liu H, Bi J, Dong W, et al. Invasion-related circular RNA circFNDC3B inhibits bladder cancer 
progression through the miR-1178-3p/G3BP2/SRC/FAK axis. Molecular Cancer. 2018; 17: 161-80. 

53



Abstract 
Background: Chemoresistance is a major factor contributing to the poor prognosis of patients with pancreatic 
cancer, and cancer stemness is one of the most crucial factors associated with chemoresistance and a very 
promis-ing direction for cancer treatment. However, the exact molecular mechanisms of cancer stemness 
have not been completely elucidated.
Methods: m6A-RNA immunoprecipitation and sequencing were used to screen  m6A-related mRNAs and 
lncRNAs. qRT-PCR and FISH were utilized to analyse DDIT4-AS1 expression. Spheroid formation, colony 
formation, Western blot and flow cytometry assays were performed to analyse the cancer stemness and 
chemosensitivity of PDAC cells. Xenograft experiments were conducted to analyse the tumour formation ratio 
and growth in vivo. RNA sequencing, Western blot and bioinformatics analyses were used to identify the 
downstream pathway of DDIT4-AS1. IP, RIP and RNA pulldown assays were performed to test the interaction 
between DDIT4-AS1, DDIT4 and UPF1. Patient-derived xenograft (PDX) mouse models were generated to 
evaluate chemosensitivities to GEM.

Molecular Cancer
2022 Dec;21(1):1-20
Impact Factor:41.444

Materials and Methods
Fragments encoding UPF1 amino acid residues were generated by PCR and inserted into a 
pcDNA3.1-Flag vector, which was synthesized by GenePharma (Shanghai, China).

RESEARCH

The  m6A demethylase ALKBH5-mediated 
upregulation of DDIT4-AS1 maintains 
pancreatic cancer stemness and suppresses 
chemosensitivity by activating the mTOR 
pathway

Open Access

DNA cloning and mutagenesis
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Abstract 
Background: Increasing studies suggest that circular RNAs (circRNAs) are critical regulators of cancer 
development and progression. However, the biological roles and mechanisms of circRNAs in gastric cancer 
(GC) remain largely unknown.
Methods: We identified the differentially expressed circRNAs in GC by analyzing Gene Expression Omnibus 
(GEO) datasets. We explored the biological roles of circRNAs in GC by in vitro functional assays and in vivo 
animal studies. We performed tagged RNA affinity purification (TRAP), RNA immunoprecipitation (RIP), mass 
spectrometry (MS), RNA sequencing, luciferase reporter assays, and rescue experiments to investigate the 
mechanism of circRNAs in GC.
Results: Downregulated expression of circular RNA EIF4G3 (circEIF4G3; hsa_circ_0007991) was found in 
GC and was associated with poor clinical outcomes. Overexpression of circEIF4G3 suppressed GC growth 
and metastasis through the inhibition of β-catenin signaling, whereas knockdown of circEIF4G3 showed the 
opposite effects. Mechanistic studies revealed that circEIF4G3 bound to δ-catenin protein to promote its 
TRIM25-mediated ubiquitin degradation and interacted with miR-4449 to upregulate SIK1 expression.

Molecular Cancer 
2022 Dec;21(1):1-16 
Impact Factor:41.444

Materials and Methods
Specific targeting siRNAs and overexpressing plasmid were designed and synthesized by 
GenePharma (Shanghai, China) .
Cells were cultured in 24-well plates and transfected with control vector, miRNA-binding site 
containing wild type (WT) or mutant (MUT) vector, as well as predicted miRNA mimics or 
controls (GenePharma, Suzhou, China). 

Zang et al. Molecular Cancer          (2022) 21:141  
https://doi.org/10.1186/s12943-022-01606-9

RESEARCH

Circular RNA EIF4G3 suppresses gastric 
cancer progression through inhibition 
of β-catenin by promoting δ-catenin ubiquitin 
degradation and upregulating SIK1
Xueyan Zang1,2†, Jiajia Jiang1,2†, Jianmei Gu3†, Yanke Chen2, Maoye Wang2, Yu Zhang2, Min Fu2, Hui Shi2,4, 
Hui Cai4, Hui Qian1,2, Wenrong Xu1,2* and Xu Zhang1,2,4* 

Open Access
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Abstract 
Background: Long non-coding RNAs (lncRNAs) are implicated in the development of multiple cancers. In our 
previ-ous study, we demonstrated that HDAC1/4-mediated silencing of microRNA-200b (miR-200b) enhances 
docetaxel (DTX)-resistance of human lung adenocarcinoma (LAD) cells.
Methods and results: Herein, we probed the function of LncRNA MARCKSL1–2 (MARCKSL1-transcript 
variant 2, NR_052852.1) in DTX resistance of LAD cells. It was found that MARCKSL1–2 expression was 
markedly reduced in DTX-resistant LAD cells. Through gain- or loss- of function assays, colony formation 
assay, EdU assay, TUNEL assay, and flow cytometry analysis, we found that MARCKSL1–2 suppressed the 
growth and DTX resistance of both parental and DTX-resistant LAD cells. Moreover, we found that 
MARCKSL1–2 functioned in LAD through increasing miR-200b expression and repressing HDAC1. 
Mechanistically, MARCKSL1–2 recruited the suppressor of zeste 12 (SUZ12) to the promoter of histone 
deacetylase 1 (HDAC1) to strengthen histone H3 lysine 27 trimethylation (H3K27me3) of HDAC1 promoter, 
thereby reducing HDAC1 expression. MARCKSL1–2 up-regulated miR-200b by blocking the suppressive 
effect of HDAC1 on the histone acetylation modification at miR-200b promoter. Furthermore, in vivo analysis 
using mouse xenograft tumor model supported that overexpression of MARCKSL1–2 attenuated the DTX 
resistance in LAD tumors.

Molecular Cancer 
2022 Dec;21(1):1-16 
Impact Factor:41.444

Materials and Methods
The specific shRNAs targeting MARCKSL1–2 (shMARCKSL1–2#1 and shMARCKSL1–2#2), 
HDAC1 (sh/HDAC1), or SUZ12 (shSUZ12#1 and shSUZ12#2), as well as relative control 
shRNAs (sh/Ctrl), were procured from GenePharma (Shanghai, China).

Jiang et al. Molecular Cancer          (2022) 21:150  
https://doi.org/10.1186/s12943-022-01605-w

RESEARCH

MARCKSL1–2 reverses docetaxel-resistance 
of lung adenocarcinoma cells by recruiting 
SUZ12 to suppress HDAC1 and elevate 
miR-200b
Min Jiang1†, Feng Qi2†, Kai Zhang3†, Xiaofei Zhang4†, Jingjing Ma5, Suhua Xia1, Longbang Chen6, 
Zhengyuan Yu1*, Jing Chen7* and Dongqin Chen4,8,9* 
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Cell 
2018 Apr 19; 173: 634-48 
Impact Factor: 36.216 

Methods 
2x105 HepG2 cells were seeded into each well of 6-well plates 
and incubated overnight, then transfected with GFRα3 shRNA 
plasmids (design by GenePharma, China) 
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Abstract
Background: Colorectal cancer (CRC) is the 3rd most common cancer worldwide. CircRNAs are promising novel 
biomarkers for CRC. T regulatory (Treg) cells express the immune checkpoint receptor of cytotoxic T-lympho-cyte-
associated antigen-4 (CTLA-4) and promote tumor immunological tolerance. We therefore investigate the biological 
functions and mechanisms of circQSOX1 in CRC tumorigenesis; involvement of circQSOX1 in pro-moting Treg cell-
mediated CRC immune escape in anti-CTLA-4 therapy. 
Methods: Bioinformatics analyses were performed for circQSOX1expressions, specific binding sites, and N6- 
methyladenosine (m6A) motifs of circQSOX1, thatwere further validated with a series of experiments. Func-tions of 
circQSOX1 in promoting CRC development, Treg cells-based immune escape, and anti-CTLA-4 therapy response 
were investigated both in vitro and in vivo. 
Results: High circQSOX1 expression was associated with carcinogenesis and poor clinical outcome of CRC pa-
tients. METTL3-mediated RNA m6A modification on circQSOX1 could be read by IGF2BP2 in CRC cells. 
CircQSOX1 promoted CRC development by regulating miR-326/miR-330–5p/PGAM1 axis. CircQSOX1 regulated 
glycolysis and promoted immune escape of CRC cells, and inhibits anti-CTLA-4 therapy response in CRC patients. 
Conclusion: m6A-modified circQSOX1 facilitated CRC tumorigenesis by sponging miR-326 and miR-330–5p to 
promotes PGAM1 expression, which further promoted CRC immune escape by activating glycolysis and inacti-vating 
the anti-CTLA-4 therapy response of CRC. Combined treatment with sh-circQSOX1 and anti-CTLA-4 could be a 
strategy to overcome Treg cell-mediated CRC immune therapy resistance.

DRUG RESISTANCE UPDATES 
2022 Dec;65:100886
Impact Factor:22.841

Materials and Methods
Two specific small hairpin RNAs (shRNAs) targeted to circQSOX1 were synthesized from 
GenePharma (Shanghai, China) and cloned into pLKO.1 lentiviral vector to stably knock down target 
genes in CRC cells as previous report .
Biotin-labeled circQSOX1 and negative control (NC) probes were synthesized by GenePharma 
(Shanghai, China). 

N6-methyladenosine-modified circular RNA QSOX1 promotes colorectal 
cancer resistance to anti-CTLA-4 therapy through induction of intratumoral 
regulatory T cells 
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DRUG RESISTANCE UPDATES 
2022 Dec;65:100886 
Impact Factor:22.844

Materials and Methods
Two specific small hairpin RNAs (shRNAs) targeted to circQSOX1 were synthesized from 
GenePharma (Shanghai, China) 。
Biotin-labeled circQSOX1 and negative control (NC) probes were synthesized by GenePharma 
(Shanghai, China). 

Drug Resistance Updates 65 (2022) 100886

N6-methyladenosine-modified circular RNA QSOX1 promotes colorectal 
cancer resistance to anti-CTLA-4 therapy through induction of intratumoral 
regulatory T cells 

Zhihua Liu b,1, Nanxin Zheng a,d,1, Juan Li e,1, Chao Li b, Dan Zheng c, Xue Jiang c, Xiaoying 
 
Ge c, 

Min Liu b, Lianjie Liu a,d, Zhen Song b, Leilei Bao c,*, Yangyang Zhan c,*, Xianhua Gao a,d,**

Contents lists available at ScienceDirect 
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journal homepage: www.elsevier.com/locate/drup 

Abstract：

Background: Colorectal cancer (CRC) is the 3rd most common cancer worldwide. CircRNAs are promising novel 
biomarkers for CRC. T regulatory (Treg) cells express the immune checkpoint receptor of cytotoxic T-lympho-cyte-
associated antigen-4 (CTLA-4) and promote tumor immunological tolerance. We therefore investigate the biological 
functions and mechanisms of circQSOX1 in CRC tumorigenesis; involvement of circQSOX1 in pro-moting Treg cell-
mediated CRC immune escape in anti-CTLA-4 therapy. 
Methods: Bioinformatics analyses were performed for circQSOX1expressions, specific binding sites, and N6- 
methyladenosine (m6A) motifs of circQSOX1, thatwere further validated with a series of experiments. Func-tions of 
circQSOX1 in promoting CRC development, Treg cells-based immune escape, and anti-CTLA-4 therapy response 
were investigated both in vitro and in vivo.
Results: High circQSOX1 expression was associated with carcinogenesis and poor clinical outcome of CRC pa-
tients. METTL3-mediated RNA m6A modification on circQSOX1 could be read by IGF2BP2 in CRC cells. 
CircQSOX1 promoted CRC development by regulating miR-326/miR-330–5p/PGAM1 axis. CircQSOX1 regulated 
glycolysis and promoted immune escape of CRC cells, and inhibits anti-CTLA-4 therapy response in CRC patients. 
Conclusion: m6A-modified circQSOX1 facilitated CRC tumorigenesis by sponging miR-326 and miR-330–5p to 
promotes PGAM1 expression, which further promoted CRC immune escape by activating glycolysis and inacti-
vating the anti-CTLA-4 therapy response of CRC. Combined treatment with sh-circQSOX1 and anti-CTLA-4 could 
be a strategy to overcome Treg cell-mediated CRC immune therapy resistance.
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Advanced Science
 2022 Aug;:2203173
Impact Factor:17.521

Materials and Methods
plasmid cloning DNA (pcDNA)3.1–Cdc42 plasmid or pcDNA3.1–GFP (Emp Vec) were purchased 
from GenePharma (Shanghai, China).

A recently developed synthetic retinoid abrogates proliferation and induces apoptosis of drug-resistant 
malignant-cancer-stem-cell-like cells. However, the underlying mechanisms of how the synthetic retinoid 
induces cancer-stem-cell-like cell tumor-repopulating cell (TRC) apoptosis are elusive. Here, it is shown that 
although the retinoid and conventional anticancer drugs cisplatin, all-trans retinoic acid, and tazarotene all 
inhibit cytoskeletal tension and decondense chromatin prior to inducing TRC apoptosis,half-maximal inhibitory 
concentration of the retinoid is 20-fold lower than those anticancer drugs. The synthetic retinoid induces retinoic 
acid receptor gamma (RAR ) translocation from the nucleus to the cytoplasm, leading to reduced RAR  
binding to Cdc42 promoter and Cdc42 downregulation, which decreases filamentous-actin (F-actin) and inhibits 
cytoskeletal tension. Elevating F-actin or upregulating histone 3 lysine 9 trimethylation decreases retinoid-
induced DNA damage and apoptosis of TRCs. The combinatorial treatment with a chromatin decondensation 
molecule and the retinoid inhibits tumor metastasis in mice more effectively than the synthetic retinoid alone. 
These findings suggest a strategy of lowering cell tension and decondensing chromatin to enhance DNA 
damage to abrogate metastasis of cancer-stem-cell-like cells with high efficacy.

RESEARCH ARTICLE
www.advancedscience.com

Synthetic Retinoid Kills Drug-Resistant Cancer Stem Cells
via Inducing RAR𝜸-Translocation-Mediated Tension
Reduction and Chromatin Decondensation

Yao Zhang, Qi Dong, Quanlin An, Chumei Zhang, Erfan Mohagheghian, Bing Niu,
Feng Qi, Fuxiang Wei, Sihan Chen, Xinman Chen, Anqi Wang, Xin Cao,* Ning Wang,*
and Junwei Chen*
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Pancreatic cancer is a common malignant tumor with poor prognosis. Recently, cancer stem cells (CSCs) were 
identified in several solid tumors, including pancreatic cancer. Although accumulating evidence indicates that sirtuin 
1 (SIRT1) exerts biological functions in various cancers, how it contributes to tumorigenesis and metastasis of 
pancreatic cancer, as well as its role in CSCs, is still poorly defined. Here we show that SIRT1 interacts with the 
Cullin 4B (CUL4B)-Ring E3 ligase (CRL4B) complex, which is responsible for H2AK119 monoubiquitination 
(H2AK119ub1), collaborating as a functional unit. Genome-wide analysis of SIRT1/CUL4B targets identified a cohort 
of genes, including GRHL3 and FOXO3, critically involved in cell differentiation, growth, and migration. Furthermore, 
we found that SIRT1 and CUL4B collectively promote the proliferation, autophagy, and invasion of pancreatic cancer 
cells. Remarkably, we demonstrate that SIRT1/CUL4B promotes CSC-like properties, including increased stemness 
marker expression and sphere formation. In vivo experiments implied that SIRT1 promoted established tumor 
xenograft growth, increased tumor-initiating capacity in NOD/SCID mice, and increased CSC frequency. Strikingly, 
SIRT1 and CUL4B expression is markedly upregulated in a variety of human cancers, including pancreatic cancer. 
Our data provide a molecular basis for the functional interplay between histone deacetylation and ubiquitination. The 
results also implicate the SIRT1/CRL4B complex in pancreatic cancer metastasis and stem cell properties, thus 
supporting SIRT1 as a promising potential target for cancer therapy development.

Cell Death & Differentiation
2021 Jun 23
Impact Factor: 15.828

Materials and Methods
short hairpin RNAs (shRNAs) 
from GenePharma Co., Ltd. 
(Shanghai, China).
Recombinant lentivirus 
expressing shSCR (control 
scrambled shRNA), 
shSIRT1, and shCUL4B 
were constructed according to 
the instructions from Shanghai 
GenePharma. 

ARTICLE OPEN

SIRT1 coordinates with the CRL4B complex to regulate
pancreatic cancer stem cells to promote tumorigenesis
Shuai Leng1, Wei Huang2, Yang Chen1, Yang Yang1, Dandan Feng1, Wei Liu1, Tianyang Gao1, Yanli Ren1, Miaomiao Huo3,
Jingyao Zhang3, Yunkai Yang3 and Yan Wang 1,3✉

© The Author(s) 2021

www.nature.com/cdd
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Cancer-Derived Succinate Promotes Macrophage
Polarization and Cancer Metastasis via Succinate
Receptor

Graphical Abstract Authors

Jing-Yiing Wu, Tsai-Wang Huang,

Yi-Ting Hsieh, ..., Hsing-Jien Kung,

Yu-Juei Hsu, Cheng-Chin Kuo

Correspondence
kuocc@nhri.org.tw

In Brief

We have shown that cancer cells secrete

succinate into extracellular milieu, which

mediates TAM polarization and promotes

cancer metastasis. Succinate exerts its

effects on TAM polarization and cancer

metastasis via a specific membrane

receptor, SUCNR1, which transmits

signaling through the PI3K/HIF-1a

pathway.

GenePharma

GenePharma

GenePharma

Molecular Cell
2020 Jan 16;77, 213–227 
Impact Factor:15.584

Materials

Recombinant DNA

pGPU6/Neo-human SUCNR1 shRNA

pGPU6/Neo-human HIF1a shRNA

pGPU6/Neo-mosue SUCNR1 shRNA
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Circular RNA circ-DONSON facilitates
gastric cancer growth and invasion via
NURF complex dependent activation of
transcription factor SOX4
Lixian Ding1,2†, Yuying Zhao3†, Shuwei Dang1,2†, Yue Wang4, Xinglong Li1,2, Xiaotong Yu1,2, Zhongsheng Li1,2,
Jiufeng Wei1,2, Ming Liu1,2 and Guodong Li1,2*

Abstract
Background: Circular RNAs (circRNAs) are a novel type of noncoding RNAs and play important roles in 
tumorigenesis, including gastric cancer (GC). However, the functions of most circRNAs remain poorly 
understood. In our study, we aimed to investigate the functions of a new circRNA circ-DONSON in GC 
progression.
Methods: The expression of circ-DONSON in gastric cancer tissues and adjacent normal tissues 
was analyzed by bioinformatics method, qRT-PCR, Northern blotting and in situ hybridization (ISH). 
The effects of circ-DONSON on GC cell proliferation, apoptosis, migration and invasion were 
measured by using CCK8, colony formation, EdU, immunofluorescence (IF), FACS and Transwell 
assays. qRT-PCR and Western blotting were utilized to validate how circ-DONSON regulates SOX4 
expression. ChIP, DNA fluorescence in situ hybridization (DNA-FISH) and DNA accessibility assays 
were used to investigate how circ-DONSON regulates SOX4 transcription. The interaction between circ-
DONSON and NURF complex was evaluated by mass spectrum, RNA immunoprecipitation 
(RIP), pulldown and EMSA assays. Xenograft mouse model was used to analyze the effect of circ-
DONSON on GC growth in vivo.

Ding et al. Molecular Cancer           (2019) 18:45 
https://doi.org/10.1186/s12943-019-1006-2

Molecular Cancer
2019 Mar 28; 18:45
Impact Factor: 15.302

Materials and Methods
The lentivirus-containing short hairpin RNA 
(shRNA) targeting circ-DONSON, BPTF, 
SNF2L or RBBP4 was purchased from 
GenePharma (Shanghai, China). 
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Circular RNA cTFRC acts as the sponge of
MicroRNA-107 to promote bladder
carcinoma progression
Hongwei Su1†, Tao Tao2,3†, Zhao Yang4,5†, Xing Kang2, Xu Zhang2, Danyue Kang6, Song Wu3,7,8,9* and Chong 
Li1,2,3,5,10*

Abstract
Background: Circular RNA (circRNA) represents a broad and diverse endogenous RNAs that can 
regulate gene expression in cancer. However, the regulation and function of bladder cancer (BC) 
circRNAs remain largely unknown.
Methods: Here we generated circRNA microarray data from three BC tissues and paired non-cancerous 
matched tissues, and detected circular RNA-cTFRC up-regulated and correlated with tumor grade and 
poor survival rate of BC patients. We subsequently performed functional analyses in cell lines and an 
animal model to support clinical findings. Mechanistically, we demonstrated that cTFRC could directly 
bind to miR-107 and relieve suppression for target TFRC expression.
Results: We detected circular RNA-cTFRC up-regulated and correlated with tumor grade and poor 
survival rate of BC patients. Knock down of cTFRC inhibited invasion and proliferation of BC cell lines in 
vitro and tumor growth in vivo. Furthermore, the expression of cTFRC correlated with TFRC and 
negatively correlated with miR-107 both in BC cell lines and BC clinical samples. In addition, up-
regulation of cTFRC promoted TFRC expression and contributed to an epithelial to mesenchymal 
transition phenotype in BC cells. Finally, we found that cTFRC acts as a competing endogenous RNA 
(ceRNA) for miR-107 to regulate TFRC expression.

Su et al. Molecular Cancer           (2019) 18:27 
https://doi.org/10.1186/s12943-019-0951-0

Molecular Cancer
2019 Feb 19; 18:27
Impact Factor: 15.302

Materials and Methods
Short hairpin RNA (shRNA) of cTFRC 
were synthesized by GenePharma 
(Shanghai, China), shcTFRC targeting to 
the junction region of the cTFRC 
sequence. 
For luciferase reporter assay, pmirGLO 
Dual-luciferase vectors (GenePharma, 
Shanghai, China) were used to construct 
dual luciferase reporter plasmids.
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CircDLST promotes the tumorigenesis and
metastasis of gastric cancer by sponging
miR-502-5p and activating the NRAS/MEK1/
ERK1/2 signaling
Jing Zhang1*†, Lidan Hou2†, Rui Liang1†, Xiaoyu Chen1, Rui Zhang1, Wei Chen1 and Jinshui Zhu1*

Abstract
Background: Accumulating evidence shows that, the dysregulation of circular RNAs (circRNAs) 
is associated with the progression of multiple malignancies. But, the underlying mechanisms by 
which has_circ_0032627 (circDLST) contributed to gastric cancer (GC) remain undocumented.
Methods: The expression and cellular localization of circDLST and its association 
with clinicopathological characteristics and prognosis in patients with GC was analysed by 
using fluorescence in situ hybridization. Gain-and loss-of-function experiments as well as a 
subcutaneous xenograft tumor model and a liver metastasis model from orthotopic implantation of 
GC tissues were conducted to assess the role of circDLST in GC cells. CircDLST specific binding 
with miR-502-5p was confirmed by dual luciferase gene report, RNA immunoprecipitation (RIP) 
assays and RIP-miRNA expression profiling. qRT-PCR and Western blot analysis was used to 
detect the effects of circDLST on miR-502-5p-mediated NRAS/MEK1/ERK1/2 signaling in GC cells.
Results: The expression levels of circDLST were dramatically elevated in GC tissues as 
compared with the adjacent normal tissues, and acted as an independent prognostic factor of poor 
survival in patients with GC. Knockdown of circDLST inhibited the cell viability, colony formation, 
DNA synthesis, cell invasion and liver metastasis in vitro and in vivo, whereas overexpression of 
circDLST had the opposite effects. Furthermore, circDLST was co-localized with miR-502-5p in the 
cytoplasm of GC cells, and acted as a sponge of miR-502-3p in GC cells, which abrogated the 
tumor promoting effects of circDLST by inactivating the NRAS/MEK1/ERK1/2 signaling in GC cells.

Zhang et al. Molecular Cancer           (2019) 18:80 
https://doi.org/10.1186/s12943-019-1015-1

Molecular Cancer
2019 Apr 5; 18:80
Impact Factor: 15.302

Materials and Methods
Plasmid mediated circDLST vector, shRNA targeting circDLST vector (sh-circDLST, 
5′-CAGGUGGGAGAAAGCAUUATT-3′), siRNA targeting NRAS gene (si-NRAS, 
5′-GCGCACTGACAATCCAGCTAATCCA-3′), miR-502-5p mimic, inhibitor and NRAS 
plasmid were purchased from GenePharma (Shanghai, China). The negative control 
(NC), sh-NC, pEX-3 (Vector) or miR-NC was used as the control vectors.
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ORIGINAL ARTICLE

G protein-coupled receptor 35 attenuates
nonalcoholic steatohepatitis by reprogramming
cholesterol homeostasis in hepatocytes

Chinese Pharmaceutical Association

Institute of Materia Medica, Chinese Academy of Medical Sciences

Acta Pharmaceutica Sinica B

www.elsevier.com/ loca te /apsb
www.sc iencedi rec t .com

Acta Pharmaceutica Sinica B xxxx;xxx(xxx):xxx

ABSTRACT: Tumor heterogeneity has been one of the most important factors leading to the failure of 
conventional cancer therapies due to the accumulation of genetically distinct tumor-cell subpopulations 
during the tumor development process. Due to the diversity of genetic mutations during tumor growth, 
combining the use of multiple drugs has only achieved limited success in combating heterogeneous tumors. 
Herein, we report a novel antitumor strategy that effectively addresses tumor heterogeneity by using a 
CRISPR/Cas9-based nanoRNP carrying a combination of sgRNAs. Such nanoRNP is synthesized from Cas9 
ribonucleoprotein, any combinations of required sgRNAs, and a rationally designed responsive polymer that 
endows nanoRNP with high circulating stability, enhanced tumor accumulation, and the efficient gene 
editing in targeted tumor cells eventually. By carrying a combination of sgRNAs that targets STAT3 and 
RUNX1, the nanoRNP exhibited efficient gene expression disruptions on a heterogeneous tumor model 
with two subsets of cells whose proliferations were sensitive to the reduced expression of STAT3 and 
RUNX1, respectively, leading to the effective growth inhibition of the heterogeneous tumor. Considering 
the close relationship between tumor heterogeneity and cancer progression, resistance to therapy, and 
recurrences, nanoRNP provides a feasible strategy to overcome tumor heterogeneity in the development of more 
advanced cancer therapy against malignant tumors.  

Acta Pharmaceutica Sinica B
2022 Oct;:2211-3835
Impact Factor: 14.903

Materials and Methods
The pEX-3 (pGCMV/MCS/Neo)-control or 
pEX-3-Mus Gpr35 plasmid (GenePharma, 
Shanghai, China) was transfected into 
AML-12 cells using Lipofectamine 2000 .
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2018 Jul 19; 71: 306-18 
Impact Factor: 14.548 

Methods 
The ALKBH1 and N6AMT1 Cas9/sgRNAs 
plasmids pGE-4 (pU6gRNA1Cas9puroU6gRNA2) 
were purchased from Genepharma (Shanghai, 
China). 
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2017 Sep 21; 67: 974-89 
Impact Factor: 14.248 

Methods 
shVMP1 cells were generated by transfecting HeLa cells 
with pGPU6/Neo plasmid containing shRNA sequence 
targeting human VMP1 (GenePharma). 
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Long noncoding TSI attenuates aortic valve calcification by suppressing 
TGF-β1-induced osteoblastic differentiation of valve interstitial cells 

Zongtao Liu a,1, Yixuan Wang a,c,1, Fayuan Liu a,1, Da Zhu d, Yuqi 
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Abstract
Introduction: Calcific aortic valve disease (CAVD) is an active and cellular-driven fibrocalcific process charac-
terised by differentiation of valve interstitial cells (VICs) towards an osteogenic-like phenotype. A recently identified 
lncRNA, lncTSI, has been reported to inhibit fibrogenesis through transforming growth factor (TGF)- β/Smad3 
pathway. Here, the present study aimed to investigate the role of lncTSI in CAVD. 
Methods: The effect of TGF-β1 on lncTSI of VICs was measured. TGF-β1, RUNX2 and collagen I expression be-
tween calcified aortic valve tissue and normal samples by immunohistochemistry and western blotting. Human VICs 
were cultured and treated with TGF-β1. SiRNA and pcDNA3.1-lncTSI plasmid transfection were used to silence and 
overexpress lncTSI in VICs for 48 h, Smads phosphorylation, RUNX2 and collagen I expression were then verified 
by western blotting. In ApoE  /  mice fed with 0.25 % high-cholesterol diet, AAV2-lncTSI were injected 
intravenously to observe their effect on the formation of aortic valve calcification. 
Results: lncTSI was highly expressed in VICs treated with TGF-β1. lncTSI was transcriptionally regulated by Smad3 
and reversely inhibited TGF-β1-induced Smad3 phosphorylation and downregulated profibrotic gene expression. 
Silencing lncTSI increased TGF-β1–induced Smad3 phosphorylation, and subsequently, upregulated RUNX2 and 
collagen I expressions in VICs. While overexpression of lncTSI reversed the production of RUNX2 and collagen I in 
VICs. In a mouse CAVD model of 24 week 0.25 % high-cholesterol diet feeding, overexpression of lncTSI 
significantly reduced calcium deposition, RUNX2, pSmad3, and collagen I expression in aortic valve leaflets, with 
less aortic valve stenosis. 
Conclusions: The novel findings of present study suggested that lncTSI alleviated aortic valve calcification through 
negative regulation of the TGF-β/Smad3 pathway. The results may help elucidate new diagnostic and therapeutic 
targets to prevent CAVD progression.

Materials and Methods
For lentiviral transfection, lncTSI siRNAs or control 
siRNAs were cloned into the pLV3/H1/GFP+ puro 
vector (customized by GenePharma Biological 
Technology, Shanghai, China). 
Application of the digoxigenin-conjugated oligo-
deoxynucleotide probes (Genepharma, 
Shanghai, China) .

METABOLISM-CLINICAL AND EXPERIMENTAL
2022 Oct;:155337
Impact Factor: 13.934
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www.nature.com/sigtransSignal Transduction and Targeted Therapy

Global profiling of O-GlcNAcylated and/or phosphorylated
proteins in hepatoblastoma
Hang Song1, Ji Ma1, Zhixuan Bian1, Shuhua Chen2, Jiabei Zhu1, Jing Wang3, Nan Huang4, Minzhi Yin5, Fenyong Sun4, Min Xu3 and 
Qiuhui Pan1

O-linked-β-N-acetylglucosamine (O-GlcNAc) glycosylation (O-GlcNAcylation) and phosphorylation are critical
posttranslational modifications that are involved in regulating the functions of proteins involved in tumorigenesis and
the development of various solid tumors. However, a detailed characterization of the patterns of these modifications
at the peptide or protein level in hepatoblastoma (HB), a highly malignant primary hepatic tumor with an extremely
low incidence in children, has not been performed. Here, we examined O-GlcNAc-modified or phospho-modified
peptides and proteins in HB through quantitative proteomic analysis of HB tissues and paired normal liver tissues.
Our results identified 114 O-GlcNAcylated peptides belonging to 78 proteins and 3494 phosphorylated peptides in
2088 proteins. Interestingly, 41 proteins were modified by both O-GlcNAcylation and phosphorylation. These
proteins are involved in multiple molecular and cellular processes, including chromatin remodeling, transcription,
translation, transportation, and organelle organization. In addition, we verified the accuracy of the proteomics results
and found a competitive inhibitory effect between O-GlcNAcylation and phosphorylation of HSPB1. Further, O-
GlcNAcylation modification of HSPB1 promoted proliferation and enhanced the chemotherapeutic resistance of HB
cell lines in vitro. Collectively,our research suggests that O-GlcNAc-modified and/or phospho-modified proteins may
play a crucial role in the pathogenesis of HB.

Signal Transduction and Targeted Therapy  
2019 Oct 11;4:40
Impact Factor: 13.493

Materials and Methods
Myc-tagged wild-type HSPB1 and mutants, 
including Myc-HSPB1-T180A, Myc-HSPB1-
S187G, and Myc-HSPB1-T180A/S187G, were 
chemically synthesized by GenePharma 
(Shanghai, China) and subcloned into the pEX-3 
expression plasmid (GenePharma, Shanghai, 
China).
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The FAM171A2 gene is a key regulator of progranulin 
expression and modifies the risk of multiple 
neurodegenerative diseases
Wei Xu1,2*, Si-Da Han1*, Can Zhang3, Jie-Qiong Li4, Yan-Jiang Wang5, Chen-Chen Tan2,  
Hong-Qi Li1, Qiang Dong1, Cui Mei1, Lan Tan2, Jin-Tai Yu1†

Progranulin (PGRN) is a secreted pleiotropic glycoprotein associated with the development of 
common neuro-degenerative diseases. Understanding the pathophysiological role of PGRN may 
help uncover biological under-pinnings. We performed a genome-wide association study to 
determine the genetic regulators of cerebrospinal fluid (CSF) PGRN levels. Common variants in 
region of FAM171A2 were associated with lower CSF PGRN levels (rs708384, P = 3.95 × 10−12).
This was replicated in another independent cohort. The rs708384 was associated with increased 
risk of Alzheimer’s disease, Parkinson’s disease, and frontotemporal dementia and could modify the 
expression of the FAM171A2 gene. FAM171A2 was considerably expressed in the vascular 
endothelium and microglia, which are rich in PGRN. The in vitro study further confirmed that the 
rs708384 mutation up-regulated the expression of FAM171A2, which caused a decrease in the 
PGRN level. Collectively, genetic, molecular, and bioinformatic findings suggested that FAM171A2 
is a key player in regulating PGRN production.

Copyright © 2020 
The Authors, some 
rights reserved; 
exclusive licensee 
American Association 
for the Advancement 
of Science. No claim to 
original U.S. Government 
Works. Distributed 
under a Creative 
Commons Attribution 
NonCommercial 
License 4.0 (CC BY-NC).

SCIENCE ADVANCES
2020 Oct 21;6 : eabb3063
Impact Factor: 13.117

Materials and Methods
The in vitro FAM171A2 knockdown was achieved by 
siRNA, purchased from GenePharma Co. Ltd, Shanghai, 
China. Sequence:5′-GCAAUGGCACUGGUGUAAUTT, 
AUUACACCAGUGCCAUUGCTT-3′. 
The FAM171A2 overexpression plasmid was purchased 
from GenePharma. The pEX-3 vector was used for 
plasmid construction.
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Abstract 
Background: Proprotein convertase subtilisin/kexin type 9 (PCSK9) is the ninth member of the proprotein con-
vertase family that regulates lipoprotein homeostasis and altered PCSK9 expression was reportedly associated 
with tumor development and progression. This study assessed PCSK9 expression and functions in human colon 
cancer and then explored the underlying molecular events.
Methods: Colon cancer tissues were utilized for analysis of PCSK9 expression for association with 
clinicopathological factors from patients by immunohistochemistry assay. Manipulation of PCSK9 expression was 
assessed in vitro and in vivo for colon cancer cell proliferation, migration, and invasion using cell viability CCK-8, 
Transwell tumor cell migra-tion and invasion, and wound-healing assays. Next, proteomic analysis, Western blot, 
qRT-PCR and Flow cytometry were conducted to assess downstream targets and tumor cell-derived PCSK9 
action on macrophage polarization.
Results: PCSK9 expression was upregulated in colon cancer tissues versus the normal tissues, and associated 
with advanced tumor pathological grade. Knockdown of PCSK9 expression reduced colon cancer cell 
proliferation, migra-tion, and invasion and suppressed tumor metastasis in vivo. PCSK9 directly or indirectly 
upregulated Snail 1 and in turn to downregulate E-cadherin expression, but upregulate N-cadherin and MMP9 
levels and thereafter, to induce colon cancer cell epithelial-mesenchymal transition (EMT) process and activated 
PI3K/AKT signaling. However, PCSK9 overexpression showed the inverse effects on colon cancer cells. 
Knockdown of PCSK9 expression inhibited M2 mac-rophage polarization, but also promoted M1 macrophage 
polarization by reduction of lactate, protein lactylation and macrophage migration inhibitory factor (MIF) levels.

Materials and Methods
To overexpress PCSK9, we transiently transfected the PCSK9 plasmid (GenePharma 
Technologies, Shanghai, China)

JOURNAL OF EXPERIMENTAL & CLINICAL 
CANCER RESEARCH
2022 Dec;41(1):1-21
Impact Factor: 12.658

Wang et al. J Exp Clin Cancer Res          (2022) 41:303  
https://doi.org/10.1186/s13046-022-02477-0

RESEARCH

PCSK9 promotes the progression 
and metastasis of colon cancer cells 
through regulation of EMT and PI3K/AKT 
signaling in tumor cells and phenotypic 
polarization of macrophages
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ABSTRACT: Tumor heterogeneity has been one of the most important factors leading to the failure of conventional 
cancer therapies due to the accumulation of genetically distinct tumor-cell subpopulations during the tumor 
development process. Due to the diversity of genetic mutations during tumor growth, combining the use of multiple 
drugs has only achieved limited success in combating heterogeneous tumors. Herein, we report a novel antitumor 
strategy that effectively addresses tumor heterogeneity by using a CRISPR/Cas9-based nanoRNP carrying a 
combination of sgRNAs. Such nanoRNP is synthesized from Cas9 ribonucleoprotein, any combinations of required 
sgRNAs, and a rationally designed responsive polymer that endows nanoRNP with high circulating stability, 
enhanced tumor accumulation, and the efficient gene editing in targeted tumor cells eventually. By carrying a 
combination of sgRNAs that targets STAT3 and RUNX1, the nanoRNP exhibited efficient gene expression 
disruptions on a heterogeneous tumor model with two subsets of cells whose proliferations were sensitive to the 
reduced expression of STAT3 and RUNX1, respectively, leading to the effective growth inhibition of the 
heterogeneous tumor. Considering the close relationship between tumor heterogeneity and cancer progression, 
resistance to therapy, and recurrences, nanoRNP provides a feasible strategy to overcome tumor heterogeneity in 
the development of more advanced cancer therapy against malignant tumors.  

NANO LETTERS 
2019 Oct 8; 19(11): 7662-72 
Impact Factor: 12.279 

Methods 
DNA templates encoding a T7 
promoter followed by the 
sgRNA-specific target 
sequence were synthesized by 
GenePharma (Suzhou, China).
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Abstract
Background: Asparaginase (ASP) is the cornerstone drug in the treatment of extranodal NK/T-cell lymphoma 
(ENKTCL), and the mechanisms of resistance to ASP remain largely unknown. Long non-coding RNAs play 
important roles in chemotherapy resistance in various cancers. However, the expression of BCYRN1 and its role 
in ENKTCL still remain unidentified. 
Methods: Lentivirus-mediated BCYRN1 overexpression and knockdown were performed in SNK-6 cells. Cell 
autophagy was analyzed by adenovirus expressing GFP-LC3B fusion protein. RNA pull-down and RNA Binding 
Protein Immunoprecipitation Assay were performed to investigate the relationship between BCYRN1 and p53. 
Western blot analysis was performed to assess the effect of BCYRN1 on different autophagy pathways. Finally, 
in vivo xenograft tumor model was constructed to analyze the effect of BCYRN1 on tumor growth and ASP 
resistance. 
Results: BCYRN1 was overexpressed in ENKTCL than normal NK cells, and patients with higher expression 
had significantly inferior progression-free survival (PFS). The IC50 value of ASP was significantly increased in 
BCYRN1-overexpressed SNK-6 cells and BCYRN1 overexpression could resist the inhibitory effect of ASP on 
proliferation. ASP could induce concurrent apoptosis and autophagy in ENKTCL, and the latter process was 
enhanced by overexpression of BCYRN1, mainly through affecting both PI3K/AKT/mTOR and p53/mTOR 
pathways. BCYRN1 could induce the degradation of p53 via ubiquitination, thus resulting in enhancement of 
autophagy and ASP resistance, which could be reversed by drug-induced autophagy inhibition. The effect of 
BCYRN1 on tumor growth and autophagy were confirmed in vivo xenograft model. 

Materials and Methods
Briefly, the full-length BCYRN1 cDNA and step-loop for the shBCYRN1 was inserted into the 
LV5 vector (GenePharma ) at NotI and BamHI sites.
The LV5-BCYRN1 vector, LV5-shBCYRN1 vector and LV5 control vector (LV5-NC) were, 
respectively, co-transfected with the packaging vectors pGag/Pol, pRev, and pVSV-G 
(GenePharma) into HEK293T cells
shRNA for p53 (shp53) was obtained from GenePharma (Shanghai, China).

Theranostics 2021, Vol. 11, Issue 2 

Theranostics
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Research Paper 

LncRNA BCYRN1-induced autophagy enhances 
asparaginase resistance in extranodal NK/T-cell 
lymphoma 
Liang Wang1,2, Jing Yang1, He-nan Wang1, Rui-ying Fu1, Xin-di Liu1, Ying-shi Piao3,4, Li-qiang Wei1, 
Jing-wen Wang1, Luo Zhang5,6 
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International Publisher
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CBX7 regulates stem cell-like properties of
gastric cancer cells via p16 and AKT-NF-κB-
miR-21 pathways
Su-Jie Ni1,2,4†, Li-Qin Zhao1,2†, Xiao-Feng Wang1,2†, Zhen-Hua Wu1,2, Rui-Xi Hua1,2, Chun-Hua Wan5,
Jie-Yun Zhang1,2, Xiao-Wei Zhang1,2, Ming-Zhu Huang1,2, Lu Gan1,2, Hua-Lin Sun6, Goberdhan P. Dimri3

and Wei-Jian Guo1,2*

Abstract
Background: Chromobox protein homolog 7 (CBX7), a member of the polycomb group (PcG) family of 
proteins, is involved in the regulation of cell proliferation and cancer progression. PcG family members, 
such as BMI, Mel-18, and EZH2, are integral constituents of the polycomb repressive complexes (PRCs) 
and have been known to regulate cancer stem cell (CSC) phenotype. However, the role of other PRCs’ 
constituents such as CBX7 in the regulation of CSC phenotype remains largely elusive. This study was 
to investigate the role of CBX7 in regulating stem cell-like properties of gastric cancer and the underlying 
mechanisms.
Methods: Firstly, the role of CBX7 in regulating stem cell-like properties of gastric cancer was 
investigated using sphere formation, Western blot, and xenograft tumor assays. Next, RNA interference 
and ectopic CBX7 expression were employed to determine the impact of CBX7 on the expression of 
CSC marker proteins and CSC characteristics. The expression of CBX7, its downstream targets, and 
stem cell markers were analyzed in gastric stem cell spheres, common cancer cells, and gastric cancer 
tissues. Finally, the pathways by which CBX7 regulates stem cell-like properties of gastric cancer were 
explored.
Results: We found that CBX7, a constituent of the polycomb repressive complex 1 (PRC1), plays an 
important role in maintaining stem cell-like characteristics of gastric cancer cells via the activation of AKT 
pathway and the downregulation of p16. Spearman rank correlation analysis showed positive correlations 
among the expression of CBX7 and phospho-AKT (pAKT), stem cell markers OCT-4, and CD133 in gastric 
cancer tissues. In addition, CBX7 was found to upregulate microRNA-21 (miR-21) via the activation of AKT-
NF-κB pathway, and miR-21 contributes to CBX7-mediated CSC characteristics.
Conclusions: CBX7 positively regulates stem cell-like characteristics of gastric cancer cells by inhibiting p16 
and activating AKT-NF-κB-miR-21 pathway.
Keywords: CBX7, p16, AKT, miR-21, Gastric cancer, Stem cells

Ni et al. Journal of Hematology & Oncology  (2018) 11:17 
https://doi.org/10.1186/s13045-018-0562-z

Journal of Hematology & Oncology
2018 Feb 8; 11:17
Impact Factor: 11.509

Materials and Methods
Retroviral vectors (pGPU/Hygro and pEX-2/
Hygro) expressing CBX7, CBX7 shRNA, and 
p16 shRNA were obtained from Shanghai 
GenePharma Co Ltd.
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Original Article

Microglial lnc-U90926 facilitates
neutrophil infiltration in ischemic stroke
via MDH2/CXCL2 axis
Jian Chen, Jiali Jin,Xi Zhang,Hailong Yu, Xiaolei Zhu, Linjie Yu,

Yanting Chen, Pinyi Liu, Xiaohong Dong, Xiang Cao, Yue Gu,Xinyu Bao,Shengnan Xia,and Yun Xu

Please cite this article in press as: Chen et al., Microglial lnc-U90926 facilitates neutrophil infiltration in ischemic stroke via MDH2/CXCL2 axis, Molecular
Therapy (2021), https://doi.org/10.1016/j.ymthe.2021.04.025

Dysregulated long non-coding RNAs (lncRNAs) have been shown to contribute to the pathogenesis of ischemic 
stroke. However, the potential role of lncRNAs in post-stroke micro-glial activation remains largely unknown. 
Here, we uncovered that lncRNA-U90926 was significantly increased in microglia exposed to ischemia/
reperfusion both in vivo and in vitro.In addition, adenovirus-associated virus (AAV)-mediated micro-glial U90926 
silencing alleviated neurological deficits and reduced infarct volume in experimental stroke mice. Microglial 
U90926 knockdown could reduce the infiltration of neutro-phils into ischemic lesion site, which might be attributed 
to the downregulation of C-X-C motif ligand 2 (CXCL2). Mecha-nistically, U90926 directly bound to malate 
dehydrogenase 2 (MDH2) and competitively inhibited the binding of MDH2 to the CXCL2 30 untranslated region 
(UTR), thus protecting against MDH2-mediated decay of CXCL2 mRNA. Taken together, our study demonstrated 
that microglial U90926 aggravated ischemic brain injury via facilitating neutrophil infiltration, suggesting that 
U90926 might be a potential biomarker and therapeutic target for ischemic stroke.

Materials and Methods
Biotin-labeled RNA oligonucleotides (U90926: biotin-ACAGUA-
GUUCUUCUGCUCAGUGGCG) were synthesized by GenePharma Technologies (Shanghai, 
China) .
Lentivirus carrying U90926/MDH2 shRNA was used to knockdown U90926 or MDH2, while 
gene-overexpression (U90926, MDH2) plasmid (GenePharma Techniques, Shanghai, 
China) was used to overexpress the target gene.

Molecular Therapy 
2021 Apr 19; 29 No 9 
Impact Factor: 11.452
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Cell Death & Differentiation
2019 May 10; 26:2652–2666
Impact Factor: 10.717

Materials and Methods
Lentiviruses encoding short hairpin 
RNA (shRNA, GenePharma) targeting
TRAF4 (Sh-TRAF4)

Cell Death & Differentiation (2019) 26:2652–2666
https://doi.org/10.1038/s41418-019-0328-3
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Abstract
TNF receptor-associated factor 4 (TRAF4), a member of the TRAF family, plays an important role in the 
embryogenesis and development of the bone system. Mesenchymal stem cells (MSCs), which are the primary 
origin of osteoblasts in vivo, are key cells in bone development; however, whether TRAF4 modulates the 
osteogenic capacity of MSCs has never been explored. In this study, we demonstrated that TRAF4 positively 
regulates the osteogenic process of MSCs both in vitro and in vivo. In addition, we further demonstrated that 
TRAF4 modulates the osteogenic process of MSCs by acting as an E3 ubiquitin ligase to mediate the K48-linked 
ubiquitination of Smurf2 at the K119 site and cause degradation. Furthermore, TRAF4 was abnormally 
decreased in bone sections of ovariectomized rat and osteoporosis patients. Taken together, our findings 
suggest that TRAF4 positively regulates the osteogenic differentiation of MSCs by acting as an E3 ubiquitin 
ligase to degrade Smurf2. These results emphasize the critical role of TRAF4 in bone formation and could not 
only improve the clinical use of MSCs in tissue engineering but also clarify the pathogenesis of bone metabolism 
disorders.
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Abstract  
Background: Mounting evidences indicate that circular RNAs (circRNAs) play vital roles in the development and 
progression of various cancers. However, the detail functions and underlying mechanisms of circRNAs in gastric 
cancer remain largely unknown.  
Methods: The expression profile of metastasis-related circRNAs was screened by RNA-seq analysis. qRT-PCR 
was used to determine the level and prognostic values of circNHSL1 in gastric cancer tissues. In vitro cell wound 
healing and transwell (migration and invasion) and in vivo tumorigenesis and metastasis assays were performed to 
evaluate the functions of circNHSL1. Luciferase reporter, RNA immunoprecipitation (RIP) and rescued assays 
were employed to confirm the interactions between circNHSL1, miR-1306-3p and SIX1. It’s widely accepted that 
as a mesenchymal marker, Vimentin promotes invasion and metastasis in various cancers. Luciferase reporter 
assay was used to determine the regulation of SIX1 on Vimentin. In addition, In situ hybridization (ISH) was 
performed to detect the level and prognostic values of miR-1306-3p.  
Results: We found that the level of circNHSL1 was significantly up-regulated in gastric cancer, and positively 
correlated with clinicopathological features and poor prognosis of patients with gastric cancer. Functionally, 
circNHSL1 promoted cell mobility and invasion, as well as in vivo tumorgenesis and metastasis. Mechanistically, 
circNHSL1 acted as a miR-1306-3p sponge to relieve the repressive effect of miR-1306-3p on its target SIX1. 
Moreover, SIX1 enhanced Vimentin expression in the transcriptional level through directly binding to the promoter 
domain of Vimentin, thereby promoting cell migration and invasion. In addition, miR-1306-3p was down-regulated 
and negatively correlated with pathological features and poor prognosis in gastric cancer.  
Conclusions: CircNHSL1 promotes gastric cancer progression through miR-1306-3p/SIX1/Vimentin axis, and 
may serve as a novel diagnostic marker and target for treatment of gastric cancer patients.  
Keywords: CircNHSL1, miR-1306-3p, SIX1, Vimentin, Metastasis, Gastric cancer

Molecular Cancer 
2019 Aug 22; 18: 126 
Impact Factor: 10.679 

Methods 
Full length circNHSL1 was cloned into the pEX-3 
(GenePharma, Shanghai, China) 
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Background & Aims: We previously demonstrated that major vault protein (MVP) is a novel virus-induced host 
factor and its expression upregulates type-I interferon production, leading to cellular antiviral response. However, it 
remains unclear whether the antiviral function of MVP is impaired during hepatitis B virus (HBV) infection and what 
mechanisms are involved. Therefore, the aim of this study was to assess whether HBV can alter MVP expression 
despite the lack of type-I IFN induction and shed light on the underlying mechanisms HBV utilizes to evade host 
innate immune response.  
Methods: The ability of HBV surface and e antigens to inhibit MVP signaling in interferon induction pathways was 
evaluated by co-immunoprecipitation, immunofluorescence, quantitative RT-PCR, Western blot and reporter 
assays.  
Results: In our current study, we found high levels of MVP in peripheral blood mononuclear cells, sera, and liver 
tissue from HBV-infected patients relative to healthy individuals. We determined that MVP intracellularly associates 
with MyD88, an adapter protein involved in virus-triggered induction of type-I IFN. Protein truncation analysis 
revealed that the middle domain of MVP (amino acid residues 310–620) was essential for MyD88 binding. 
Conversely, HBV inhibited MVP–induced type-I IFN production by suppressing MVP/MyD88 interaction. HBV 
antigens, both HBsAg and HBeAg, suppressed this interaction by competitively binding to the essential MyD88 
binding region of MVP and limiting downstream IFN signaling.  
Conclusions: MVP is a virus-induced protein capable of binding with MyD88 leading to type-I IFN production. HBV 
may evade an immune response by disrupting this interaction and limiting type-I IFN antiviral activity. 

Journal of Hepatology 
2015 May; 62(5): 1015-23 
Impact Factor: 10.59 

Methods 
MVP shRNA and irrelevant shRNA control 
(shRNA-control)  were purchased from
GenePharma (Shanghai GenePharma) 
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EVI5 is an oncogene that regulates the
proliferation and metastasis of NSCLC cells
Tingting Cai1,2†, Jieqi Zhou1,2†, Yuanyuan Zeng1,2,3, Wenwen Du1,2, Yang Zhang1,2, Ting Liu1,2, Yulong Fu1,2, 
Jian-an Huang1,2,3, Qian Qian4, Jianjie Zhu1,2,3*, Chunhua Ling1,2,3* and Zeyi Liu1,2,3*

Abstract
Background: The Ecotropic viral integration site 5 (EVI5), an important protein in regulating cell cycle, 
cytokinesis and cellular membrane traffic, functions as a stabilizing factor maintaining anaphase-
promoting complex/cyclosome (APC/C) inhibitor Emi1 in S/G2 phase. However, the mechanism by which 
EVI5 promotes malignant transformation of non-small cell lung cancer (NSCLC) remains unknown. In the 
present study, we addressed the role of EVI5 in NSCLC by regulating tumor growth, migration and 
invasion.
Methods: The expression levels of EVI5 and miR-486-5p in NSCLC tissues and cells were measured by 
real-time PCR. Meanwhile, EVI5 and its associated protein expression were analyzed by western blot 
and co-immunoprecipitation assay. Flow cytometry was performed to determine cell proliferation and 
apoptosis. CCK-8 and clonogenic assays were used to analyze cell viability. Wound healing, transwell 
migration and matrigel invasion assays were utilized to assess the motility of tumor cells. To investigate 
the role of EVI5 in vivo, lung carcinoma xenograft mouse model was applied..
Results: EVI5 was upregulated in NSCLC tissues and cell lines when compared with that in normal tissues 
and cell line. Knockdown of EVI5 in vitro inhibited tumor cell proliferation, migration and invasion in NSCLC 
cells. Further, inoculation of EVI5-deficient tumor cells into nude mice suppressed tumor proliferation and 
metastasis compared to control mice inoculated with unmanipulated tumor cells. These data indicated that 
EVI5 promote the proliferation of NSCLC cells which was consistent with our previous results. Additionally, 
we showed that EVI5 was directly regulated by miR-486-5p, and miR-486-5p-EVI5 axis affected the NSCLC 
migration and invasion through TGF-β/Smad signaling pathway by interacting with TGF-β receptor II and 
TGF-β receptor I.

          (2020) 39:84 Cai et al. Journal of Experimental & Clinical Cancer Research
https://doi.org/10.1186/s13046-020-01585-z

Molecular Cell
2020 May 11;39:84
 Impact Factor:7.068

Materials and Methods
Then, we subcloned the EVI5-gRNA 
into the lentiviral vector Lenti-CRISPR 
v2 (Cas-9, GenePharma, Shanghai, 
China) digested with BsmBI after 
phosphorylation and annealing. 
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Article

DNA of neutrophil extracellular traps 
promotes cancer metastasis via CCDC25
Linbin Yang1,2, Qiang Liu1,2, Xiaoqian Zhang1,2, Xinwei Liu1,2, Boxuan Zhou1,2, Jianing Chen1,2,  Di Huang1,2, Jiaqian Li1,2, Heliang Li1,2, Fei Chen1,2, 
Jiang Liu1,2, Yue Xing1,2, Xueman Chen1,2, Shicheng Su1,2 ✉ & Erwei Song1,2,3,4 ✉

Neutrophil extracellular traps (NETs), which consist of chromatin DNA filaments coated with granule proteins, are 
released by neutrophils to trap microorganisms1–3. Recent studies have suggested that the DNA component of NETs
(NET-DNA) is associated with cancer metastasis in mouse models4–6. However, the functional role and clinical
importance of NET-DNA in metastasis in patients with cancer remain unclear. Here we show that NETs are abundant 
in the liver metastases of patients with breast and colon cancers, and that serum NETs can predict the occurrence of 
liver metastases in patients with early-stage breast cancer. NET-DNA acts as a chemotactic factor to attract cancer 
cells, rather than merely acting as a ‘trap’ for them; in several mouse models, NETs in the liver or lungs were found to 
attract cancer cells to form distant metastases. We identify the transmembrane protein CCDC25 as a NET-DNA 
receptor on cancer cells that senses extracellular DNA and subsequently activates the ILK–β-parvin pathway to 
enhance cell motility. NET-mediated metastasis is abrogated in CCDC25-knockout cells. Clinically, we show that the 
expression of CCDC25 on primary cancer cells is closely associated with a poor prognosis for patients. Overall, we 
describe a transmembrane DNA receptor that mediates NET-dependent metastasis, and suggest that targeting 
CCDC25 could be an appealing therapeutic strategy for the prevention of cancer metastasis.

Nature
2020 Jun 11;583(7814):133-138
Impact Factor: 42.778

Materials and Methods
The Cas9 lentivirus and gRNA1/2 lentivirus were purchased from GenePharma and transduced 
to MDA-MB-231 tumour cells. 
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Temperature-dependent sex determination is a notablemodel of phenotypic plasticity. Inmany reptiles, including the 
red-eared slider turtle Trachemys scripta elegans (T. scripta), the individual’s sex is determined by the ambient 
temperature during egg incubation. In this study, we show that the histone H3 lysine 27 (H3K27) demethylase 
KDM6B exhibits temperaturedependent sexually dimorphic expression in early T. scripta embryos before the gonad 
is distinct. Knockdown of Kdm6b at 26°C (a temperature atwhich all offspring develop into males) triggers 
male-to-female sex reversal in >80%of surviving embryos. KDM6B directly promotes the transcription of the male 
sex-determining gene Dmrt1 by eliminating the trimethylation of H3K27 near its promoter. Additionally, 
overexpression of Dmrt1 is sufficient to rescue the sex reversal induced by disruption of Kdm6b.This study 
establishes causality and a direct genetic link between epigenetic mechanisms and temperature-dependent sex 
determination in a turtle species.  

Science 
2018 May 11; 360(6389): 645-8 
Impact Factor: 41.037 

Materials and Methods 
The pGP-U6-Kdm6b-shRNA construct was digested 
with AgeI-EcoRI and inserted into the EcoRI site of 
pGLV-U6-GFP (GenePharma, Shanghai, China). 
The PCR product was digested with EcoRI and cloned 
to pGLV-EF1a-GFP (LV-4, GenePharma, Shanghai, 
China). 
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Cell
2020 Oct 1; 183: 76-93
Impact Factor: 38.637

Materials and Methods
For shRNA transduction, 
a lentiviral vector plasmid pLKO.1-puro 
(GenePharma Inc, Shanghai, China) was 
used to construct the stable clones.

Article

Targeting Mitochondria-Located circRNA SCAR
Alleviates NASH via Reducing mROS Output
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In Brief

A mitochondrial circRNA that is

dysregulated in NAFLD patients’ liver

fibroblasts directly binds and regulates

the mitochondrial permeability transition

pore to modulate mitochondrial

metabolism and inflammation, providing

a potential therapeutic angle.
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Complement Signals Determine Opposite Effects of
B Cells in Chemotherapy-Induced Immunity

Graphical Abstract Authors
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In Brief

An anti-tumoral B cell subset emerges in

the tumor microenvironment in response

to chemotherapy-induced immunogenic

cell death and complement signaling.

Cell
2020 Mar;180:1081
Impact Factor: 38.637

Materials and Methods
Bacterial and Virus Strains

LV5 lentiviral vetor Genepharma,Shanghai

LV3 lentiviral vetor Genepharma,Shanghai
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Cell 
2018 Feb 8; 172: 1-16 
Impact Factor: 36.216 

Methods 
Lentivirus packaging was provided by GenePharma Inc 
(Shanghai, China). 
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Cell 
2018 Oct 4; 175: 442-57 
Impact Factor: 36.216 

Methods 
Lentivirus packaging was made by GenePharma Inc 
(Shanghai, China). A lentiviral vector plasmid pGag/Pol was 
used in our study to construct the stable clones. Lentiviral 
shRNAs targeting AIM2, NLRP1, NLRP3, IPAF, 
STING, TLR9, p65, STAT1, TBK1 and AMPK 
were obtained from Genepharma and shRNA 
Silencing sequences are listed in Table S2. 
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Immunity
2021 Oct 12 ；54, 1–16 
Impact Factor: 31.745

Materials and Methods 
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Distinct human Langerhans cell subsets orchestrate
reciprocal functions and require different
developmental regulation
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In brief

The heterogeneity of Langerhans cells

has long been considered. Liu et al. reveal

four subpopulations of primary and HSC-

derived Langerhans cells in human, which

are phenotypically and functionally

distinct and require different

developmental regulation.

Overexpression or shRNA lentivirus as well as 
negative control lentivirus were purchased from 
GenePharma (China). 
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Eosinophilic inflammation is a feature of allergic asthma. Despite mounting evidence showing that chromatin 
filaments released from neutrophils mediate various diseases, the understanding of extracellular DNA from 
eosinophils is limited. Here we show that eosinophil extracellular traps (EETs) in bronchoalveolar lavage fluid are 
associated with the severity of asthma in patients. Functionally, we find that EETs augment goblet-cell hyperplasia, 
mucus production, infiltration of inflammatory cells and expressions of type 2 cytokines in experimental non-
infection-related asthma using both pharmaceutical and genetic approaches. Multiple clinically relevant allergens 
trigger EET formation at least partially via thymic stromal lymphopoietin in vivo. Mechanically, EETs activate 
pulmonary neuroendocrine cells via the CCDC25–ILK–PKCα–CRTC1 pathway, which is potentiated by eosinophil 
peroxidase. Subsequently, the pulmonary neuroendocrine cells amplify allergic immune responses via 
neuropeptides and neurotransmitters. Therapeutically, inhibition of CCDC25 alleviates allergic inflammation. 
Together, our findings demonstrate a previously unknown role of EETs in integrating immunological and 
neurological cues to drive  asthma progression.

Articles
https://doi.org/10.1038/s41556-021-00762-2

Eosinophil extracellular traps drive asthma 
progression through neuro-immune signals
Yiwen Lu1,2,9, Yijiao Huang1,3,9, Jiang Li1,2,9, Jingying Huang1,2,9, Lizhi Zhang1,3,9, Jingwei Feng1,2, 
Jiaqian Li1,2, Qidong Xia1,2, Qiyi Zhao4,5,6, Linjie Huang1,3,7, Shanping Jiang   1,3,7 ✉ and 
Shicheng Su   1,2,4,8 ✉

Nature Cell Biology 
2021 Oct;1-13
Impact Factor: 28.824

Materials and Methods
CCDC25 was knocked out of H146 cells using the CRISPR–Cas9 system with the Cas9 
lentivirus and gRNA lentivirus (GenePharma)
Lentiviral vector LV3-pGLV-H1-GFP/Puro (GenePharma) was used for knockdown 
experiments. 
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Molecular Cancer
2021 Dec;20(1):1-22

Impact Factor: 27.401

Materials and Methods 
CircNEIL3 siRNA sequences were syn-thesized by GenePharma (Shanghai, China), and a 
scrambled siRNA was synthesized as a negative con-trol. 
The miR-432-5p mimics and inhibitor, ADAR1-overexpressing lentivirus and ADAR1 
shRNAs were synthesized by GenePharma (Shanghai, China) and transfected as 
described above.
Wild-type and mutant (mut-circNEIL3 or mut-ADAR1) cirCNEIL3 and ADAR1 fragments 
were constructed and inserted downstream of the luciferase reporter gene in the reporter 
plasmid pRL-SV40 (GenePharma, Shanghai, China). 

Abstract
Background: A growing number of studies have focused on investigating circRNAs as crucial regulators in 
the progression of multiple cancer types. Nevertheless, the biological effects and underlying mechanisms of 
circRNAs in pancreatic ductal adenocarcinoma (PDAC) remain unclear.
Methods: Differentially expressed circRNAs between cancerous tissue and adjacent normal tissues were 
identified by RNA sequencing in PDAC. Subsequently, in vitro and in vivo functional experiments were 
performed to investigate the functional roles of circNEIL3 in PDAC tumour growth and metastasis. 
Furthermore, RNA pull-down, dual-luciferase reporter assays, RNA immunoprecipitation (RIP) assays, 
fluorescent in situ hybridization (FISH) and Sanger sequencing assays were performed to examine the 
circular interaction among circNEIL3, miR-432-5p and adenosine deaminases acting on RNA 1 (ADAR1).
Results: CircNEIL3 was upregulated in PDAC and promoted the progression of PDAC cells both in vitro and 
in vivo. Mechanistically, circNEIL3 was shown to regulate the expression of ADAR1 by sponging miR-432-5p 
to induce RNA editing of glioma-associated oncogene 1 (GLI1), ultimately influencing cell cycle progression 
and promoting epithelial-to-mesenchymal transition (EMT) in PDAC cells. Moreover, we discovered that the 
circNEIL3/miR-432-5p/ADAR1 axis was correlated with the PDAC clinical stage and overall survival of PDAC 
patients, while ADAR1 may reduce the biogenesis of circNEIL3.
Keywords: Pancreatic ductal adenocarcinoma, circNEIL3, miR-432-5p, ADAR1, GLI1, RNA editing, Cell 
cycle, EMT
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In Brief

Du and Lin et al. show that insulin-like

growth factor 2 (IGF-2) modulates the

innate immune memory of macrophages

during their maturation and enables

macrophages to have persistent

oxidative phosphorylation (OXPHOS).
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and determines their anti-inflammatory
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Abstract 
Background: Circular RNAs (circRNAs) play important roles in cancer progression and metabolism 
regulation. Serine/glycine metabolism supports the growth of cancer cells by contributing to their anabolic 
demands and epigenome as well as by regulating their redox state. However, the role of circRNA in the 
regulation of serine/glycine metabolism has not been well elucidated.
Methods: Microarray analysis was used to screen differentially expressed novel circRNAs. qRT-PCR and 
FISH were utilized to analyzed the expression of circMYH9. CCK8, colony formation and FACS were used to 
analyze proliferation of colorectal cancer (CRC) cells. Xenograft experiments were used to analyze tumor 
growth in vivo. RNA-sequencing, immunoblot and LC–MS were used to identify the downstream metabolic 
pathway of circMYH9. ChIRP, Mass Spec-trometry, RIP and RNA pulldown were utilized to test the 
interaction between circMYH9, hnRNPA2B1 and p53 pre-mRNA. ChIP-qPCR was used to analyze the 
binding sites of HIF-1α. Chemically-induced CRC mice were generated to evaluate the role of circMYH9 in 
tumorigenesis.
Results: We identified an intron-derived circRNA, circMYH9, which was significantly upregulated in CRC 
tissues. A higher circMYH9 level correlated with shorter relapse-free survival and overall survival of CRC 
patients. CircMYH9 pro-moted serine/glycine metabolism, the NAD + /NADH ratio, and glutathione recycling 
and inhibited reactive oxygen species (ROS) in a p53-dependent manner, impacting tumour growth. 
Mechanistically, circMYH9 destabilized the pre-mRNA of p53 by recruiting hnRNPA2B1 in the nucleus. 
hnRNPA2B1 bound to N6-methyladenosine sites on the 3’ untranslated region of p53 pre-mRNA and 
maintained its stability. Moreover, a lack of amino acids led to an elevated level of ROS, resulting in 
increased HIF1α, which promoted circMYH9 expression by binding to the promoter region. Furthermore, in 
vivo AAV9-mediated transfection of circMYH9 could drive chemically-induced carcinogenesis by sup-pressing 
p53 in mice.

Molecular Cancer
2021 Dec;20(1):1-19
Impact Factor: 27.401

Materials and Methods
Short interfering RNA (siRNA) sequences were directly synthesized (GenePharma). 
For overexpression of circMYH9, Human circ-MYH9 linear sequence (GenePharma)
One week before the experiment, AAV9-circMYH9 (GenePharma)

Liu et al. Mol Cancer          (2021) 20:114  
https://doi.org/10.1186/s12943-021-01412-9
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In vivo self-assembled small RNAs as a new generation of
RNAi therapeutics
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Yuanyuan Su1, Yangyang Ye1, Xiuting Hu1, Wei Cheng5, Jinrong Wu6, Yanbo Wang1, Yayun Gu3, Sheng-feng Lu7, Dianqing Wu8,
Ke Zen 1, Jing Li1, Chao Yan 1,2,3, Chen-Yu Zhang1 and Xi Chen1,2,3

www.nature.com/cr
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INTRODUCTION
RNA interference (RNAi) offers an opportunity to specifically target mRNAs and modulate the expression of 
corresponding proteins before their biogenesis, and has therefore been proposed as a promising therapeutic tool to 
manipulate the expression of disease-related genes, especially the genes that are considered undruggable using 
traditional approaches.1–3 However, RNAi therapy has encountered many problems and falls way behind 
expectation during clinical translation. The development of RNAi therapy has undergone two major stages. In the 
first stage, naked small interfering RNAs (siRNAs) or chemically modified stable siRNAs were synthesized and 
directly injected for systematic delivery; yet these siRNAs cannot effectively pass biological barriers and reach 
target genes.3 In the second stage, various delivery vehicles (e.g., lipid nanoparticles, cationic polymers and 
viruses) or conjugated ligands (e.g., triantennary N-acetylgalactosamine (GalNAc)) were invented to increase the 
efficiency of siRNA delivery in vivo.4,5 The recent FDA approval of the first (Patisiran, siRNA is formulated as a lipid 
complex for the delivery to hepatocytes6) and second (Givosiran, siRNA is conjugated to a GalNAc ligand that 
enables asialoglycoprotein receptors-mediated targeted delivery to hepatocytes7) siRNA drugs marked the 
beginning of the era of RNAi therapeutics. Despite some successful cases, in general the translation of siRNA 
therapeutics to wide clinical use is still hindered by a major hurdle associated with in vivo delivery, especially for 
extrahepatic delivery. A common feature of the current delivery strategies is that the siRNAs are pre-assembled 
with vehicles or ligands in vitro. However, these artificial complexes are often plagued by problems like low 
immunocompatibility, high toxicity, insufficient circulation stability and limited tissue accessibility (mainly liver) when 
administered in vivo.8 Thus, a more concerted effort towards developing a safe, precise and efficient delivery 
platform for siRNAs is crucial for next-generation RNAi therapeutics.

Cell Research 
2021 Mar;31(6):631-648
Impact Factor: 25.617

Materials and Methods
The lentiviral vector pLv-Luc encoding luciferase and puromycin was purchased from 
GenePharma.

93



Emerging Microbes & Infections
2022, VOL. 11
Impact Factor: 19.568

Materials and Methods
To obtain HCC cell lines stably expressing wild-type and mutated HBx, Huh 7 and Bel-7404 
cells were infected with the Lv-HBx-WT, Lv-HBx-L123S, Lv-HBx-S101P/L123S, Lv-HBx-T81P/
S101P/L123S and lentivirus empty vector (GenePharma, China).

Abstract
Hepatitis B virus (HBV) exists as quasispecies (QS). However, the evolutionary characteristics of haplotypes of 
HBV X gene in the hepatocellular carcinoma (HCC) microenvironment remain unclear. Mutations across X gene 
are essential for the tumorigenicity of HBV X protein (HBx). However, the functional phenotypes of many mutant 
HBx remain unknown. This study aims to compare the characteristics of X gene evolution between tumour and 
non-tumour tissues in HCC patients and investigate the tumorigenic phenotype of HBx harbouring mutation 
T81P/S101P/L123S. This study included 24 HCC patients. Molecular cloning of X gene was performed to 
analyse characteristics of haplotypes in liver tissues. HCC cell lines stably expressing wild-type or mutant HBx 
and subcutaneous tumour xenograft mouse model were used to assess HBx-T81P/S101P/L123S tumorigenicity. 
The mean heterogeneity of HBV QS across X gene in tumour tissues was lower than that in non-tumour tissues. 
A location bias was observed in X gene clones with genotype C or D in tumour tissues compared to those with 
genotype B. Mutations in genotype-C or – D clones were mainly clustered in the dimerization region and aa110-
aa140 within the transactivation region. A novel mutation combination at residues 81, 101 and 123 was identified 
in tumour tissues. Further, HBx-T81P/S101P/L123S promotes cell proliferation and increases genomic instability, 
which was mediated by MYC. This study elucidates the compartmentalized evolution patterns of HBV X gene 
between intra tumour and non-tumour tissues in HCC patients and provides a new mechanism underlying HBV-
driven hepatocarcinogenesis, suggesting a potential viral marker for monitoring HCC.

RESEARCH ARTICLE

Compartmentalisation of Hepatitis B virus X gene evolution in hepatocellular
carcinoma microenvironment and the genotype-phenotype correlation of
tumorigenicity in HBV-related patients with hepatocellular carcinoma
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Interleukin-37b (hereafter called IL-37) was identified as fundamental inhibitor of natural and acquired immunity. The 
molecular mechanism and function of IL-37 in colorectal cancer (CRC) has been elusive. Here, we found that IL-37 
transgenic (IL-37tg) mice were highly susceptible to colitis-associated colorectal cancer (CAC) and suffered from 
dramatically increased tumor burdens in colon. Nevertheless, IL-37 is dispensable for intestinal mutagenesis, and 
CRC cell proliferation, apoptosis, and migration. Notably, IL-37 dampened protective cytotoxic T cell-mediated 
immunity in CAC and B16-OVA models. CD8+ T cell dysfunction is defined by reduced retention and activation as 
well as failure to proliferate and produce cytotoxic cytokines in IL-37tg mice, enabling tumor evasion of immune 
surveillance. The dysfunction led by IL-37 antagonizes IL-18–induced proliferation and effector function of CD8+ T 
cells, which was dependent on SIGIRR (single immunoglobulin interleukin-1 receptor-related protein). Finally, we 
observed that IL-37 levels were significantly increased in CRC patients, and positively correlated with serum CRC 
biomarker CEA levels, but negatively correlated with the CD8+ T cell infiltration in CRC patients. Our findings 
highlight the role of IL-37 in harnessing antitumor immunity by inactivation of cytotoxic T cells and establish a new 
defined inhibitory factor IL-37/SIGIRR in cancer-immunity cycle as therapeutic targets in CRC.

Signal Transduction and Targeted Therapy
2022 Jan;7(1):1-17
Impact Factor: 18.187

Materials and Methods
The human IL-37b gene overexpression lentivirus and control lentivirus were 
obtained from Shanghai GenePharma Co., Ltd. 
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www.nature.com/sigtransSignal Transduction and Targeted Therapy

95



ABSTRACT  
Objective N6-methyladenosine (m6A) RNA methylation and its associated methyltransferase METTL3 are involved 
in tumour initiation and progression via the regulation of RNA function. This study explored the biological function 
and clinical significance of METTL3 in gastric cancer (GC).  
Design The prognostic value of METTL3 expression was evaluated using tissue microarray and 
immunohistochemical staining analyses in a human GC cohort. The biological role and mechanism of METTL3 in 
GC tumour growth and liver metastasis were determined in vitro and in vivo.  
Results The level of m6A RNA was significantly increased in GC, and METTL3 was the main regulator involved in 
the abundant m6A RNA modification. METTL3 expression was significantly elevated in GC tissues and associated 
with poor prognosis. Multivariate Cox regression analysis revealed that METTL3 expression was an independent 
prognostic factor and effective predictor in human patients with GC. Moreover, METTL3 overexpression promoted 
GC proliferation and liver metastasis in vitro and in vivo. Mechanistically, P300-mediated H3K27 acetylation 
activation in the promoter of METTL3 induced METTL3 transcription, which stimulated m6A modification of HDGF 
mRNA, and the m6A reader IGF2BP3 then directly recognised and bound to the m6A site on HDGF mRNA and 
enhanced HDGF mRNA stability. Secreted HDGF promoted tumour angiogenesis, while nuclear HDGF activated 
GLUT4 and ENO2 expression, followed by an increase in glycolysis in GC cells, which was correlated with 
subsequent tumour growth and liver metastasis.  
Conclusions Elevated METTL3 expression promotes tumour angiogenesis and glycolysis in GC, indicating that 
METTL3 expression is a potential prognostic biomarker and therapeutic target for human GC. 

Gut 
2019 Sep; 0: 1-13 
Impact Factor: 17.943

Methods 
METTL3, HDGF, and IGF2BP3 shRNAs designed 
based on the siRNA sequences and METTL3 cDNA 
were cloned into the pGLV3/H1/GFP and GV358 
lentiviral vectors (GenePharma, Shanghai, China) or 
pBabe retroviral vector, respectively. 
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Sensory Nerve Maintains Intervertebral Disc Extracellular
Matrix Homeostasis Via CGRP/CHSY1 Axis

Bo Hu, Xiao Lv, Leixin Wei, Yunhao Wang, Genjiang Zheng, Chen Yang, Fazhi Zang,
Jianxi Wang, Jing Li, Xiaodong Wu, Zhihao Yue, Qiangqiang Xiao, Zengwu Shao,
Wen Yuan, Jinsong Li, Peng Cao,* Chen Xu,* and Huajiang Chen*

Advanced Science
2022 Sep;:2202620
Impact Factor: 17.521

Materials and Methods
Pre-designed siRNA and negative control (NC) siRNA to silence the murine RAMP1 gene 
were purchased from the Genepharma Company (Shanghai, China). 

Introduction
Sensory nerve could sense various outer stimuli, maintain organ metabolic homeostasis, and participate in pain 
transduction.[1–4] Healthy intervertebral disc (IVD) is a well-known un-innervated or-gan in its nucleus pulposus 
(NP) region;[5] however, sensory nerves are located at vertebrae between IVDs and outer layer of the annulus 
fibrosus (AF) region of IVD in physiological conditions,[5] and these sensory nerve endings are often thought to 
be involved in low back pain occurrence.[5,6] Whether these sensory nerve fibers possess functions other than 
IVD pain transduc-tion remains unclear. Based on previous studies, other than signal transmission function, 
sensory nerves also orchestrate body homeostasis and are indispensable in tissue repair, liver regeneration, 
and bone matrix deposition.[7–9] Therefore, it is reasonable to speculate that sensory nerve might have 
functions other than pain transduction in IVD.
Loss of water content of IVD which re-sults in attenuation of IVD integrity is considered a hallmark of IVD 
degenera-tion (IVDD). The water abundant feature of IVD relies on the sufficient amount of water preservation 
molecule chondroitin sulfate (CS) and structure molecule collagen-II (Col-II) and aggrecan (ACAN) in NP region, 
which consists of NP extracellular matrix (ECM).[10] The decreased NP ECM anabolism and increased ECM 
catabolism are considered pivotal IVDD phenotype.[10,11] In addition, our previous stud-ies have demonstrated 
that loss of chondroitin sulfate synthases (CHSYs) expression induced insufficiency of CS content was the 
major reason that triggered ECM metabolism disorder.[12–14] However, the upper-stream regulatory 
mechanism of CHSYs is still remained elusive.
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Materials and Methods
shRNAs targeting ABL or METTL3 were designed based on siRNA sequences and subcloned 
into LV3 vectors (pGLV-h1-EGFP-puro), which were con-structed by GenePharma (Shanghai, 
China). 

Chemotherapeutics remain the first choice for advanced gastric cancers(GCs). However, drug resistance and 
unavoidable severe toxicity lead to chemotherapy failure and poor prognosis. Long noncoding RNAs (lncRNAs) 
play critical roles in tumor progression in many cancers, including GC. Here, through RNA screening, an 
apoptotic protease-activating factor 1(APAF1)-binding lncRNA (ABL) that is significantly elevated in cancerous 
GC tissues and an independent prognostic factor for GC patients is identified. Moreover, ABL overexpression 
inhibits GC cell apoptosis and promotes GC cell survival and multidrug resistance in GC xenograft and organoid 
models. Mechanistically, ABL directly binds to the RNA-binding protein IGF2BP1 via its KH1/2 domain, and then 
IGF2BP1 further recognizes the METTL3-mediated m6A modification on ABL, which maintains ABL stability. In 
addition, ABL can bind to the WD1/WD2 domain of APAF1, which competitively prevent cytochrome c from 
interacting with APAF1, blocking apoptosome assembly and caspase-9/3 activation; these events lead to 
resistance to cell death in GC cells. Intriguingly, targeting ABL using encapsulated liposomal siRNA can 
significantly enhance the sensitivity of GC cells to chemotherapy. Collectively, the results suggest that ABL can 
be a potential prognostic biomarker and therapeutic target in GC.

RESEARCH ARTICLE
www.advancedscience.com

APAF1-Binding Long Noncoding RNA Promotes Tumor
Growth and Multidrug Resistance in Gastric Cancer by
Blocking Apoptosome Assembly

Qiang Wang, Chen Chen, Xiao Xu, Chuanjun Shu, Changchang Cao, Zhangding Wang,
Yao Fu, Lei Xu, Kaiyue Xu, Jiawen Xu, Anliang Xia, Bo Wang, Guifang Xu, Xiaoping Zou,
Ruibao Su, Wei Kang, Yuanchao Xue,* Ran Mo,* Beicheng Sun,* and Shouyu Wang*
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Abstract
Objectives:FBXO6, a component of the ubiquitin E3 ligases, has been shown to bind high mannose N-linked 
glycoproteins and act as ubiquitin ligase subunits. Most proteins in the secretory pathway, such as matrix 
metalloproteinases, are modified with N-glycans and play important roles in the development of osteoarthritis (OA). 
However, whether FBXO6 exerts regulatory effects on the pathogenesis of OA remains undefined.
Methods:The expression of FBXO6 was examined in the cartilage of human and multiple mouse OA models. The 
role of FBXO6 in cartilage degeneration was analysed with global FBXO6 -/- mice, transgenic Col2a1-
CreERT2;FBXO6f/f mice. The FBXO6 interacting partner MMP14 and its regulatory transcriptional factor SMAD2/3 
were identified and validated in different pathological models as well as SMAD2 -/- mice.
Results:The expression of FBXO6 decreased in the cartilage from human OA samples, anterior cruciate ligament 
transaction (ACLT) -induced OA samples, spontaneous OA STR/ort samples and aged mice samples. Global 
knockout or conditional knockout of FBXO6 in cartilage promoted experimental OA process. The molecular 
mechanism study revealed that FBXO6 decreased MMP14 by ubiquitination and degradation, leading to inhibited 
proteolytic activation of MMP13. Interestingly, FBXO6 expression is regulated by transforming growth factor β 
(TGFβ)-SMAD2/3 signalling pathway. Therefore, the overexpression of FBXO6 protected mice from post-injury OA 
development. 
Conclusions:TGFβ-SMAD2/3 signalling pathway suppressed MMP13 activation by upregulating of FBXO6 
transcription and consequently promoting MMP14 proteasomal degradation. Inducement of FBXO6 expression in 
OA cartilage might provide a promising OA therapeutic strategy.
Keywords: osteoarthritis, chondrocytes, cytokines

CLINICAL  SCIENCE
2020 Oct 1; 183: 76-93
Impact Factor: 16.102

Materials and Methods
10μl of concentrated lentiviral particles 
expressing mouse FBXO6(LV-FBXO6) 
or negative control LV-Con 
(GenePharma, Shanghai, China) 

Osteoarthritis

CliniCal sCienCe

TGFβ attenuates cartilage extracellular matrix 
degradation via enhancing FBXO6- mediated 
MMP14 ubiquitination
Gangliang Wang    ,1,2 shuai Chen,1,2 Ziang Xie,1,2 shuying shen,1,2 Wenbin Xu,1,2 
Wenxiang Chen,1,2 Xiang li,1,2 Yizheng Wu,1,2 liangping li,1,2 Bin liu,3 Xianjun Ding,1,2 
an Qin,4 shunwu Fan1,2
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Materials and Methods
In light of the manufacturer’s instructions, 
lentiviral con-structs containing the indicated 
ATG9B-repressing short hairpin RNA 
sequence (GAUCCCUGAA-CAGGAUUAUTT) 
purchased from GenePharma (Suzhou, 
China) were used to establish cell lines 
constitutively repressing ATG9B. A stable 
lentiviral vector with over-expression of 
ATG9B (GenePharma, Suzhou, China)

Cell Death & Differentiation
https://doi.org/10.1038/s41418-021-00813-z
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MYH9-dependent polarization of ATG9B promotes colorectal cancer
metastasis by accelerating focal adhesion assembly
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Abstract
Tumour metastasis is a major reason accounting for the poor prognosis of colorectal cancer (CRC), and the 
discovery of targets in the primary tumours that can predict the risk of CRC metastasis is now urgently needed. 
In this study, we identified autophagy-related protein 9B (ATG9B) as a key potential target gene for CRC 
metastasis. High expression of ATG9B in tumour significantly increased the risk of metastasis and poor 
prognosis of CRC. Mechanistically, we further find that ATG9B promoted CRC invasion mainly through 
autophagy-independent manner. MYH9 is the pivotal interacting protein for ATG9B functioning, which directly 
binds to cytoplasmic peptide segments aa368–411 of ATG9B by its head domain. Furthermore, the combination 
of ATG9B and MYH9 enhance the stability of each other by decreasing their binding to E3 ubiquitin ligase 
STUB1, therefore preventing them from ubiquitin-mediated degradation, which further amplified the effect of 
ATG9B and MYH9 in CRC cells. During CRC cell invasion, ATG9B is transported to the cell edge with the 
assistance of MYH9 and accelerates focal adhesion (FA) assembly through mediating the interaction of 
endocytosed integrin β1 and Talin-1, which facilitated to integrin β1 activation. Clinically, upregulated expression 
of ATG9B in human CRC tissue is always accompanied with highly elevated expression of MYH9 and 
associated with advanced CRC stage and poor prognosis. Taken together, this study highlighted the important 
role of ATG9B in CRC metastasis by promoting focal adhesion assembly, and ATG9B together with MYH9 can 
provide a pair of potential therapeutic targets for preventing CRC progression.
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Materials and Methods
Recombinant lentiviruses expressing shPRMT5, shSnail, and shMTA1 were con-structed 
by Shanghai GenePharma (Shanghai, China).

Abstract
The biological function of PRMT5 remains poorly understood in cervical cancer metastasis. Here, we report that 
PRMT5 physically associates with the transcription factor Snail and the NuRD(MTA1) complex to form a 
transcriptional-repressive complex that catalyzes the symmetrical histone dimethylation and deacetylation. This 
study shows that the Snail/PRMT5/NuRD(MTA1) complex targets genes, such as TET1 and E-cadherin, which 
are critical for epithelial-mesenchymal transition (EMT). This complex also affects the conversion of 5mC to 
5hmC. This study demonstrates that the Snail/PRMT5/NuRD(MTA1) complex promotes the invasion and 
metastasis of cervical cancer in vitro and in vivo. This study also shows that PRMT5 expression is upregulated in 
cervical cancer and various human cancers, and the PRMT5 inhibitor EPZ015666 suppresses EMT and the 
invasion potential of cervical cancer cells by disinhibiting the expression of TET1 and increasing 5hmC, 
suggesting that PRMT5 is a potential target for cancer therapy.

Cell Death & Differentiation
https://doi.org/10.1038/s41418-021-00786-z
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Emerging data indicate that actin dynamics is associated with ciliogenesis. However, the underlying mechanism 
remains unclear. Here we find that nuclear distribution gene C (NudC), an Hsp90 co-chaperone, is required for actin 
organization and dynamics. Depletion of NudC promotes cilia elongation and increases the percentage of ciliated 
cells. Further results show that NudC binds to and stabilizes cofilin 1, a key regulator of actin dynamics. Knockdown 
of cofilin 1 also facilitates ciliogenesis. Moreover, depletion of either NudC or cofilin 1 causes similar ciliary defects 
in zebrafish, including curved body, pericardial edema and defective left-right asymmetry. Ectopic expression of 
cofilin 1 significantly reverses the phenotypes induced by NudC depletion in both cultured cells and zebrafish. Thus, 
our data suggest that NudC regulates actin cytoskeleton and ciliogenesis by stabilizing cofilin 1.  
Keywords: NudC; actin dynamics; ciliogenesis; cofilin 1; zebrafish development 

Cell Research 
2016 Feb; 26: 239-53 
Impact Factor: 15.606 

Materials and Methods 
pGLV3/H1/GFP lentiviral vectors were purchased from 
GenePharma. To generate lentivirus expressing shRNA 
targeting human NudC, the following sequences were 
used: 5 ′ -GAAGGGATGGCAGAGAAGC-3 ′  (NudC 
RNAi-1) and 5 ′ -AACACCTTCTTCAGCTTCCTT-3 ′ 
(NudC RNAi-2). Oligos corresponding to the following 
sequences were synthesized by GenePharma. 
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Exosomal circSHKBP1 promotes gastric
cancer progression via regulating the miR-
582-3p/HUR/VEGF axis and suppressing
HSP90 degradation
Mengyan Xie1†, Tao Yu1†, Xinming Jing1†, Ling Ma1, Yu Fan4, Fengming Yang1, Pei Ma1, Huning Jiang1,  Xi Wu1, 
Yongqian Shu1,2,3* and Tongpeng Xu1

Abstract
Background: Circular RNAs (circRNAs) play important regulatory roles in the development of various 
cancers. However, biological functions and the underlying molecular mechanism of circRNAs in gastric 
cancer (GC) remain obscure.
Methods: Differentially expressed circRNAs were identified by RNA sequencing. The biological functions of 
circSHKBP1 in GC were investigated by a series of in vitro and in vivo experiments. The expression of 
circSHKBP1 was evaluated using quantitative real-time PCR and RNA in situ hybridization, and the 
molecular mechanism of circSHKBP1 was demonstrated by western blot, RNA pulldown, RNA 
immunoprecipitation, luciferase assays and rescue experiments. Lastly, mouse xenograft and 
bioluminescence imaging were used to exam the clinical relevance of circSHKBP1 in vivo.
Results: Increased expression of circSHKBP1(hsa_circ_0000936) was revealed in GC tissues and 
serum and was related to advanced TNM stage and poor survival. The level of exosomal circSHKBP1 
significantly decreased after gastrectomy. Overexpression of circSHKBP1 promoted GC cell proliferation, 
migration, invasion and angiogenesis in vitro and in vivo, while suppression of circSHKBP1 plays the 
opposite role. Exosomes with upregulated circSHKBP1 promoted cocultured cells growth. 
Mechanistically, circSHKBP1 sponged miR-582-3p to increase HUR expression, enhancing VEGF 
mRNA stability. Moreover, circSHKBP1 directly bound to HSP90 and obstructed the interaction of 
STUB1 with HSP90, inhibiting the ubiquitination of HSP90, resulting in accelerated GC development in 
vitro and in vivo.
Conclusion: Our findings demonstrate that exosomal circSHKBP1 regulates the miR-582-3p/HUR/
VEGF pathway, suppresses HSP90 degradation, and promotes GC progression. circSHKBP1 is a 
promising circulating biomarker for GC diagnosis and prognosis and an exceptional candidate for further 
therapeutic exploration.

Molecular Cancer
2020 Jun 29; 19:112
Impact Factor: 15.302

Materials and Methods
The lentivirus vector (pGLV3/GFP/Puro) 
containing shRNAs targeting circSHKBP1 and 
vector (pGLV5/GFP/Puro) overerexpressing 
circSHKBP1 were generated by 
GenePharma (Shanghai, China)
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Materials and Methods
MSCs were infected with shRNA lentiviruses of H19 (Genepharma)

Abstract
Mesenchymal stem cells (MSCs) play a critical role in tumor metastasis. However, the dynamic process of MSCs- 
mediated cancer cell invasion remains inconclusive. In breast cancer mouse models, we observed that MSCs 
promoted lung metastasis. We constructed a microfluidic-based 3D co-culture device to monitor MSCs-mediated 
cancer cell invasion in a nutrient-deficient hypoxic microenvironment. On biomimetic microfluidic devices, MSCs 
guided cancer cell migration in a “cluster-sprout-infiltrating” mode. Importantly, hypoxic conditions significantly 
promoted MSCs migration at the infiltration stage, leading to accelerated breast cancer cell inva-sion. Moreover, 
hypoxia related LncRNA analysis showed that H19 was dramatically upregulated in response to hypoxic conditions. 
Conversely, H19 depletion impaired MSCs-directed breast cancer cell invasion. Mechanis-tically, H19 functions as a 
competitive endogenous RNA (ceRNA) which sequesters miRNA let-7 to release its target matrix 
metalloproteinase-1 (MMP1). Intriguingly, aspirin dramatically suppressed H19 and MMP1 expression and blocked 
MSCs infiltration under hypoxic conditions, resulting in alleviated breast cancer cell invasion. These findings point to 
the metastatic promoting role of MSCs in tumor stroma and suggest that MSCs might be a therapeutic target for 
metastatic breast cancer.   

A microfluidic demonstration of “cluster-sprout-infiltrating” mode for 
hypoxic mesenchymal stem cell guided cancer cell migration 

Fan An a,1, Zhijie Hou a,g,1, Xiaochao Wang a,1, Zhongmin Wang f,1, Chenying Jing a, Ran Sui a, 
Yameng Wu a, Yunfeng Ma a, Cheng Chang a, Shuai Liu a, Manman Li a, Lijie Sun c, Ziqi Gao a, 
Wenjuan Zhang a, Zhenghui Lang a, Jiaqi Zhao a, Yueyang Qu
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Materials and Methods
Stable lentivirus-3 circSATB2-shRNA and lentivirus-5 circSATB2--OE vectors 
were constructed and the lentiviruses were packaged and purified by Shanghai 
GenePharma Co., Ltd. (Suzhou, China). 

RESEARCH Open Access

Circular RNA circSATB2 promotes
progression of non-small cell lung cancer
cells
Nan Zhang1,2†, Aruo Nan1,2†, Lijian Chen2, Xin Li2, Yangyang Jia2, Miaoyun Qiu2, Xin Dai2, Hanyu Zhou2, Jialu Zhu2, 
Han Zhang2 and Yiguo Jiang1,2*

Abstract
Background:Lung cancer has high morbidity and mortality worldwide with non-small cell lung cancer 
(NSCLC) accounting for 85% of the cases. Therapies for lung cancer have relatively poor outcomes and 
further improvements are required. Circular RNAs have been reported to participate in the occurrence and 
progression of cancer. Information on the functions and mechanism of circRNAs in lung cancer is limited 
and needs more exploration.
Methods:We detected expression of genes and proteins by qPCR and western blot. Function of circSATB2 
was investigated using RNA interference and overexpression assays. Location of circSATB2 was assessed 
by fluorescence in situ hybridization (FISH). Interaction of circSATB2, miR-326 and FSCN1 was confirmed 
by dual-luciferase reporter assay.
Results:Data from the investigation showed that circSATB2 was highly expressed in NSCLC cells and 
tissues. circSATB2 positively regulated fascin homolog 1, actin-bundling protein 1 (FSCN1) expression via 
miR-326 in lung cancer cells. Furthermore, circSATB2 can be transferred by exosomes and promote the 
proliferation, migration and invasion of NSCLC cells, as well as induce abnormal proliferation in normal 
human bronchial epithelial cells. Also, circSATB2 was highly expressed in serumal exosomes from lung 
cancer patients with high sensitivity and specificity for clinical detection and was related to lung cancer 
metastasis.
Conclusions:circSATB2 participated in the progression of NSCLC and was differentially expressed in lung 
cancer tissue and serumal exosomes. circSATB2 may be potential biomarker for the diagnosis of NSCLC.
Keywords: Lung cancer, Progression, circRNA, Exosome, miRNA

Zhang et al. Molecular Cancer          (2020) 19:101 
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Abstract
Background: Head and neck squamous cell carcinoma (HNSCC) is one of the most frequent malignancies 
worldwide and is characterized by unfavorable prog-nosis, high lymph node metastasis and early recurrence. 
However, the molecular events regulating HNSCC tumorigenesis remain poorly understood. Therefore, 
uncovering the underlying mechanisms is urgently needed to identify novel and promising therapeutic targets for 
HNSCC. In this study, we aimed to explore the role of pleckstrin-2 (PLEK2) in regulating HNSCC tumorigenesis.
Methods: The expression pattern of PLEK2 and its clinical significance in HNSCC were determined by analyzing 
publicly assessable datasets and our own independent HNSCC cohort. In vitro and in vivo experiments, including 
cell proliferation, colony formation, Matrigel invasion, tumor sphere formation,ALDEFLUOR, Western blotting 
assays and xenograft mouse models, were used to investigate the role of PLEK2 in regulating the malignant 
behaviors of HNSCC cells. The underlying molecular mechanisms for the tumor-promoting role of PLEK2 were 
elucidated using co-immunoprecipitation, cycloheximide chase analysis, ubiquitination assays, chromatin 
immunoprecipitation-quantitative polymerase chain reaction, luciferase reporter assays and rescue experiments.

Cancer Communications
2022 Aug;: 
Impact Factor: 15.283

Materials and Methods
The short hairpin RNAs (shRNAs) targeting PLEK2 were inserted into the LV3-pGLV-h1-GFP-
puro vector (GenePharma, Shanghai, China) to establish recombi-nant lentiviral expression 
plasmids. 
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Abstract
Aberrant placental angiogenesis is associated with fetal intrauterine growth restriction (IUGR), but the mecha-nism 
underlying abnormal placental angiogenesis remains largely unknown. Here, lower vessel density and higher 
expression of NADPH oxidases 2 (Nox2) were observed in the placentae for low birth weight (LBW) fe-tuses versus 
normal birth weight (NBW) fetuses, with a negative correlation between Nox2 and placental vessel density. 
Moreover, it was revealed for the first time that Nox2 deficiency facilitates angiogenesis in vitro and in vivo, and 
vascular endothelial growth factor-A (VEGF-A) has an essential role in Nox2-controlled inhibition of angiogenesis in 
porcine vascular endothelial cells (PVECs). Mechanistically, Nox2 inhibited phospho-signal transducer and activator 
of transcription 3 (p-STAT3) in the nucleus by inducing the production of mitochon-drial reactive oxygen species 
(ROS). Dual-luciferase assay confirmed that knockdown of Nox2 reduces the expression of VEGF-A in an STAT3 
dependent manner. Our results indicate that Nox2 is a potential target for therapy by increasing VEGF-A expression 
to promote angiogenesis and serves as a prognostic indicator for fetus with IUGR.  

Redox Biology 
2021 Jun 18; 102051
Impact Factor: 11.799

Materials and Methods
The siRNA was purchased from GenePharma Co., Ltd (Shanghai, China). 
The Ad-Nox2 adenovirus was generated from GenePharma Co., Ltd. (Shanghai, China). 

Redox Biology 45 (2021) 102051

Nox2 impairs VEGF-A-induced angiogenesis in placenta via mitochondrial 
ROS-STAT3 pathway 
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Inhibition of MAGL activates the Keap1/Nrf2 pathway to
attenuate glucocorticoid-induced osteonecrosis of the
femoral head
Abstract
Glucocorticoids (GCs) are used in treating viral infections, acute spinal cord injury, autoimmune diseases, and 
shock. Several patients develop GC-induced osteonecrosis of the femoral head (ONFH). However, the 
pathogenic mecha-nisms underlying GC-induced ONFH remain poorly understood. GC-directed bone marrow 
mesenchymal stem cells (BMSCs) fate is an important factor that determines GC-induced ONFH. At high 
concentrations, GCs induce BMSC apoptosis by promoting oxidative stress. In the present study, we aimed to 
elu-cidate the molecular mechanisms that relieve GC-induced oxidative stress in BMSCs, which would be vital for 
treating ONFH. The endocannabinoid system regulates oxidative stress in multiple organs. Here, we found that 
monoacylglyc-erol lipase (MAGL), a key molecule in the endocannabinoid system, was sig-nificantly upregulated 
during GC treatment in osteoblasts both in vitro and in vivo. MAGL expression was positively correlated with 
expression of the NADPH oxidase family and apoptosis-related proteins. Functional analysis showed that MAGL 
inhibition markedly reduced oxidative stress and partially rescued BMSC apoptosis. Additionally, in vivo studies 
indicated that MAGL inhibition effec-tively attenuated GC-induced ONFH. Pathway analysis showed that MAGL 
inhi-bition regulated oxidative stress in BMSCs via the Kelch-like ECH-associated protein 1 (Keap1)/nuclear 
factor erythroid 2-related factor 2 (Nrf2) pathway. The expression of Nrf2, a major regulator of intracellular 
antioxidants, was upregu-lated by inhibiting MAGL. Nrf2 activation can mimic the effect of MAGL inhi-bition and 
significantly reduce GC-induced oxidative damage in BMSCs. The beneficial effects of MAGL inhibition were 
attenuated after the blockade of the Keap1/Nrf2 antioxidant signaling pathway. Notably, pharmacological 
blockade of MAGL conferred femoral head protection in GC-induced ONFH, even after oxidative stress 
responses were initiated. Therefore, MAGL may represent a novel target for the prevention and treatment of GC-
induced ONFH.

CLINICAL  AND  TRANSLATIONAL  MEDICINE 
2021 Jun 2; 11:e447 
Impact Factor: 11.49

Materials and Methods
A lentiviral vector [LV3 (H1/GFP&Puro)] encoding shMAGL was obtained from GenePharma. 
siRNA (RNA oligo) and overexpression plasmids (pcDNA3.1) were provided by GenePharma.
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Abstract
Background: Triple negative breast cancer (TNBC) is a subtype of breast cancer with poor prognosis and 
lack of effective treatment target. Here we screened differentially expressed lncRNAs through bioinformatics 
analysis and identified CARMN as a downregulated lncRNA which is lowest expressed in TNBC. We aimed 
to identify the potential role and molecular mechanisms of CARMN in TNBC.
Methods: Predictive value of CARMN was explored in breast cancer cohorts. TNBC cell lines with CARMN 
overexpression or CARMN silence and were used for in vitro and in vivo experiments. RNA-seq of CARMN 
overexpressed cells was performed for exploring downstream of CARMN.
Results: CARMN is downregulated at different phase of malignant transformation of breast tissue. CARMN 
can predict both better prognosis and higher response rate of cisplatin-based neoadjuvant chemotherapy in 
breast cancer. A nomogram is built to predict cisplatin-based chemotherapy response in breast cancer. 
Through in vitro and in vivo studies, we confirmed CARMN can also inhibit tumorigenesis and enhance 
sensitivity to cisplatin in TNBC cells. RNA-seq and further experiments revealed CARMN can inhibit DNA 
replication. MCM5, an important DNA replication initiation factor, is the most downregulated gene in DNA 
replication pathway following CARMN overexpression. We confirmed CARMN can produce miR143-3p from 
its exon5 which is DROSHA and DICER dependent, resulting binding and decrease of MCM5. Moreover, 
suppressing miR143-3p can weaken function of CARMN in suppressing tumorigenesis and promoting 
chemosensitivity.

Journal of Experimental &Clinical Cancer 
Research
2021 Jun 23; 40:205
Impact Factor: 11.161

Materials and Methods
Cells were transfected with lentivirus 
vectors overex-pressing CARMN or 
control ones (purchased from GenePharma 
Shanghai, China) for stably overexpressing 
CARMN. 

RESEARCH Open Access

LncRNA CARMN overexpression promotes
prognosis and chemosensitivity of triple
negative breast cancer via acting as
miR143-3p host gene and inhibiting DNA
replication
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TLR4 participates in sympathetic hyperactivity Post-MI in the PVN by
regulating NF-κB pathway and ROS production
Yu Wanga, Hesheng Hua, Jie Yina, Yugen Shia, Jiayu Tana, Lu Zhenga, Cailing Wangb, Xiaolu Lia,
Mei Xuea, Ju Liuc, Ye Wanga, Yan Lic, Xinran Lia, Fuhong Liuc, Qiang Liuc, Suhua Yana,∗
a Department of Cardiology, Shandong Provincial Qianfoshan Hospital, Shandong University, Jinan, China
bDepartment of Endocrinology, Shandong Provincial Qianfoshan Hospital, Shandong University, Jinan, China
cMedical Research Center, Shandong Provincial Qianfoshan Hospital, Shandong University, Jinan, China

ABTRACT
Sympathetic nerve hyperactivity is a primary reason for fatal ventricular arrhythmias (VAs) following myo-cardial 
infarction (MI). Pro-inflammatory cytokines produced in the paraventricular nucleus (PVN) post-MI are associated  
with sympathetic overexcitation; however, the precise mechanism needs further investigation. Our aim was to 
explore the mechanism of toll-like receptor 4 (TLR4) and its downstream molecular pathway in mediating 
sympathetic activity post-MI within the PVN. A rat MI model was developed via left anterior des-cending coronary 
artery ligation. TLR4 was primarily localized in microglia and increased markedly within the PVN at 3 days in MI rats. 
Sympathoexcitation also increased, as indicated by high levels of renal sympathetic nerve activity (RSNA) and 
norepinephrine (NE) concentration. TLR4 knockdown via shRNA microinjection to the PVN resulted in decreased 
activation of Fos protein (+) neurons in the PVN and peripheral sympathetic nerve activity. TLR4 knockdown also 
exhibited a lower arrhythmia score following programmed electrical sti-mulation than those treated with MI surgery 
only, indicating that the knockdown of TLR4 decreased the in-cidence of malignant ventricular arrhythmias following 
MI. LPS-induced inflammatory response was analyzed to explore the underlying mechanism of TLR4 in sympathetic
hyperactivity. High levels of NF-κB protein, the pro-inflammatory cytokines IL-1β and TNF-α, and ROS production
were observed in the LPS group. PVN-targeted injection of the NF-κB inhibitor PDTC attenuated NF-κB expression
and sympathetic activity. Taken together, the results suggested that knockdown of microglial TLR4 within the PVN
decreased sympathetic hyperactivity and subsequent VAs post-MI. The downstream NF-κB pathway and ROS
production participated in the process. Interventions targeting TLR4 signaling in the PVN may be a novel approach to
ameliorate the incidence of VAs post-MI.
Keywords:Myocardial infarction; NF-κB; PVN; ROS; Sympathetic hyperactivity; TLR4

Redox Biology
2019 Jun; 24:101186
Impact Factor: 9.986

Materials and Methods
The viral constructs were obtained from 
the GenePharma company (Shanghai, China)

111



Abstract
Background: MEK1/ERK signaling pathway plays an important role in most tumor progression, including 
colorectal cancer (CRC), however, MEK1-targeting therapy has little effective in treating CRC patients, 
indicating there may be a complex mechanism to activate MEK1/ERK signaling pathway except RAS 
activated mechanism.
Methods: To investigate the clinical significance of IMP3, we analyzed its expression levels in publicly 
available dataset and samples from Fudan University Shanghai Cancer Center. The effects of IMP3 on 
proliferation, migration, and invasion were determined by in vitro and in vivo experiments. To investigate the 
role of IMP3 in colon carcinogenesis, conditional IMP3 knockout C57BL/6 mice was generated. The IMP3/
MEKK1/MEK/ERK signaling axis in CRC was screened and validated by RNA-sequencing, RNA 
immunoprecipitation, luciferase reporter and western blot assays.
Results: We find RNA binding protein IMP3 directly bind to MEKK1 mRNA 3′-UTR, which regulates its 
stability, promote MEKK1 expression and sequentially activates MEK1/ERK signaling. Functionally, IMP3 
promote the malignant biological process of CRC cells via MEKK1/MEK1/ERK signaling pathway both in 
vitro and in vivo, Moreover, IMP3−/− mice show decreased the expression of MEKK1 as well as colorectal 
tumors compared with wild-typemiceaftertreatmentwith azoxymethane/dextran sodium sulfate. Clinically, the 
expression of IMP3 and MEKK1 are positive correlated, and concomitant IMP3 and MEKK1 protein levels 
negatively correlate with metastasis in CRC patients. In addition, MEK1 inhibitor in combination with shRNA-
IMP3 have a synergistic effect both in vitro and in vivo.
Keywords: IMP3, MEK1/ERK pathway, MEKK1, Colorectal Cancer

Journal of Experimental & Clinical Cancer Research
2021 Jun 21; 40:200
Impact Factor: 11.161

Materials and Methods
The human full cDNA sequence of IMP3 and MEKK1 was 
purchased from GenePharma (China). lentiviruses of 
IMP3-shRNA and non-target control, lentiviruses of 
IMP3, MEKK1 and empty vector control were also pur-
chased from GenePharma (China).
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RNA-binding protein IMP3 is a novel
regulator of MEK1/ERK signaling pathway
in the progression of colorectal Cancer
through the stabilization of MEKK1 mRNA
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LncRNA DCRF regulates cardiomyocyte autophagy by 
targeting miR-551b-5p in diabetic cardiomyopathy 
Yu Feng1,2,#, Weiting Xu3,#, Wei Zhang3,#, Wenjing Wang3, Tong Liu2, Xiang Zhou3, 

Ivyspring 
International Publisher

Abstract
Background: We generated a rat model of diabetic cardiomyopathy (DCM) and reported significant upregulation 
of the long non-coding RNA DCRF. This study was designed to determine the molecular mechanisms of DCRF in 
the development of DCM. 
Methods: Real-time PCR and RNA fluorescent in situ hybridization were conducted to detect the expression 
pattern of DCRF in cardiomyocytes. Histological and echocardiographic analyses were used to assess the effect 
of DCRF knockdown on cardiac structure and function in diabetic rats. mRFP-GFP-LC3 fluorescence microscopy, 
transmission electron microscopy, and Western blotting were carried out to determine cardiomyocyte autophagy. 
RNA immunoprecipitation and luciferase reporter assays were performed to elucidate the regulatory role of 
DCRF/miR-551b-5p/PCDH17 pathway in cardiomyocyte autophagy. 
Results: Our findings showed that DCRF knockdown reduced cardiomyocyte autophagy, attenuated myocardial 
fibrosis, and improved cardiac function in diabetic rats. High glucose increased DCRF expression and induced 
autophagy in cardiomyocytes. RNA immunoprecipitation and luciferase reporter assays indicated that DCRF was 
targeted by miR-551b-5p in an AGO2-dependent manner and PCDH17 was the direct target of miR-551b-5p. 
Forced expression of DCRF was found to attenuate the inhibitory effect of miR-551b-5p on PCDH17. 
Furthermore, DCRF knockdown decreased PCDH17 expression and suppressed autophagy in cardiomyocytes 
treated with high glucose. 
Conclusion: Our study suggests that DCRF can act as a competing endogenous RNA to increase PCDH17 
expression by sponging miR-551b-5p, thus contributing to increased cardiomyocyte autophagy in DCM. 
Keywords: autophagy; DCRF; diabetic cardiomyopathy; miR-551b-5p

Theranostics
2019 Jun 10; 9(15): 4558-4566 
Impact Factor: 8.579

Materials and Methods
Myocardial cells were transfected 
with adenovirus expressing 
mRFP-GFP-LC3 (GenePharma, 
Suzhou, China)
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Materials and Methods
The TRIM13,CHOP or GFP cDNA was 
cloned into the AAV9 capsid and the 
recombinant AAV9 was manufactured 
by Shanghai GenePharma Co.,Ltd
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Altered DNA methylation of TRIM13 in diabetic nephropathy suppresses
mesangial collagen synthesis by promoting ubiquitination of CHOP

Yebei Lia, Daijin Rena, Yunfeng Shenb, Xiaoxu Zhengc, Gaosi Xua,*
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Abstract
Background: Mesangial collagen synthesis in renal glomeruli contributes to the pathogenesis of diabetic nephropathy 
(DN) which is one of the most serious complications of diabetes mellitus. However, the under-lying mechanism of 
mesangial collagen synthesis is largely unknown.
Methods: The differential expression of CHOP and TRIM13 which is a well-defined E3 ubiquitin ligase was 
compared in renal biopsy samples from DN/normal renal tissues, in isolated glomeruli of diabetic/control mice, as well 
as in high glucose (HG) or TGF-b1-stimulated renal mesangial cells. Then the relationship between TRIM13 and 
CHOP was explored using the ubiquitination assay.
Findings: We found that the expression of TRIM13 was downregulated in renal biopsies, isolated glomeruli of diabetic 
mice, and HG/TGF-b1-stimulated renal mesangial cells, while the expression of CHOP was upregu-lated. An 
increased level of TRIM13 promoter methylation contributed to the deregulation of TRIM13 in renal glomeruli of DN. 
The ubiquitination assay confirmed that TRIM13 promoted ubiquitination and degradation of CHOP. Meanwhile, 
overexpressing TRIM13 attenuated DN-induced collagen synthesis and restored renal function in vitro and in vivo via 
downregulating CHOP.
Interpretation: Our findings demonstrated that overexpressed TRIM13 suppresses mesangial collagen synthesis in 
DN by promoting ubiquitination of CHOP, suggesting TRIM13 as a potential therapeutic target in treating DN. 
Keywords:Diabetic nephropathy;DNA ethylation ; TRIM13; CHOP;Ubiquitination
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Abstract
The roles and the underlying mechanisms of M1-type macrophages in angiogenesis and postmyocardial 
infarction (MI) cardiac repair have remained unclear. In this study, we investigated the role of M1-like 
macrophage-derived exosomes in a MI microenvironment. We found that the proinflammatory M1-like-type 
macrophages released an extensive array of pro-inflammatory exosomes (M1-Exos) after MI. M1-Exos exerted 
an anti-angiogenic effect and accelerated MI injury. They also exhibited highly expressed proinflammatory 
miRNAs, such as miR-155. miR-155 was transferred to endothelial cells (ECs), leading to the inhibition of 
angiogenesis and cardiac dysfunction by downregulating its novel target genes, including Rac family small 
GTPase 1 (RAC1), p21 (RAC1)-activated kinase 2 (PAK2), Sirtuin 1 (Sirt1), and protein kinase AMP-activated 
catalytic subunit alpha 2 (AMPKα2). M1-Exos depressed Sirt1/AMPKα2–endothelial nitric oxide synthase and 
RAC1–PAK2 signaling pathways by simultaneously targeting the five molecule nodes (genes), reduced the 
angiogenic abil-ity of ECs, aggravated myocardial injury, and restrained cardiac healing. The elucidation of this 
mechanism provides novel insights into the functional significance of M1 macrophages and their derived 
exosomes on angiogenesis and cardiac repair. This mechanism can be used as a novel potential therapeutic 
approach for the prevention and treatment of MI.
Keywords M1-like macrophage · Exosomes · miR-155 · Angiogenesis · Myocardial infarction microenvironment
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CRISPR/dCas9 systems can precisely control endogenous gene expression without interrupting host genomic 
sequence and have provided a novel and feasible strategy for the treatment of cancers at the transcriptional level. 
However, development of CRISPR/dCas9-based anti-cancer therapeutics remains challenging due to the 
conflicting requirements for the design of the delivery system: a cationic and membrane-binding surface facilitates 
the tumor accumulation and cellular uptake of the CRISPR/dCas9 system, but hinders the circulating stability in vivo. 
Here, a multistage delivery nanoparticle (MDNP) that can achieve tumor-targeted delivery of CRISPR/dCas9 
systems and restore endogenous microRNA (miRNA) expression in vivo is described. MDNP is designed as a 
core-shell structure in which the shell is made of a responsive polymer that endows MDNP with the capability to 
present different surface properties in response to its surrounding microenvironment, allowing the MNDP 
overcoming multiple physiological barriers and delivering the payload to tumor tissues with an optimal efficiency. 
Systemic administration of MDNP/dCas9-miR-524 to tumor-bearing mice achieved effective upregulation of 
miR-524 in tumors, leading to the simultaneous interferences of multiple signal pathways related to cancer cell 
proliferation and presenting remarkable tumor growth retardation, suggesting the feasibility of utilizing MDNP to 
achieve tumor-targeting delivery of CRISPR/dCas9 with sufficient levels to realize its therapeutic effects. 

Advanced Science 
2019; 6: 1801423 
Impact Factor: 15.804 

Materials 
Hairpin-it miRNA qPCR Quantitation 
Kit was obtained from GenePharma 
Biotech (Shanghai, China).  
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Tumor initiation and growth depend on its microenvironment in which cancer-associated fibroblasts (CAFs) in tumor 
stroma play an important role. Prostaglandin E2 (PGE2) and interleukin (IL)-6 signal pathways are involved in the 
crosstalk between tumor and stromal cells. However, how PGE2-mediated signaling modulates this crosstalk 
remains unclear. Here, we show that microRNA (miR)-149 links PGE2 and IL-6 signaling in mediating the crosstalk 
between tumor cells and CAFs in gastric cancer (GC). miR-149 inhibited fibroblast activation by targeting IL-6 and 
miR-149 expression was substantially suppressed in the CAFs of GC. miR-149 negatively regulated CAFs and their 
effect on GC development both in vitro and in vivo. CAFs enhanced epithelial-to-mesenchymal transition (EMT) and 
the stem-like properties of GC cells in a miR-149-IL-6-dependent manner. In addition to IL-6, PGE2 receptor 2 
(PTGER2/EP2) was revealed as another potential target of miR-149 in fibroblasts. Furthermore, H. pylori infection, 
a leading cause of human GC, was able to induce cyclooxygenase-2 (COX-2)/PGE2 signaling and to enhance 
PGE2 production, resulting in the hypermethylation of miR-149 in CAFs and increased IL-6 secretion. Our findings 
indicate that miR-149 mediates the crosstalk between tumor cells and CAFs in GC and highlight the potential of 
interfering miRNAs in stromal cells to improve cancer therapy.  
Keywords: microRNA-149; epigenetic silencing; cancer-associated fibroblasts; PGE2; IL-6 

Cell Research 
2015; 25(5): 588-603 
Impact Factor: 14.812 

Materials and Methods 
The expression levels of miRNAs were measured by 
miRNAs qPCR Kit (GenePharma, Shanghai, China) 
according to the manufacturer's instructions. 
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Abstract 
Background: Aberrantly activated mammalian target of rapamycin complex 1 (mTORC1) plays a vital role in 
tumor angiogenesis, but its precise mechanisms are still unclear.
Methods: Micro-RNA-130b-3p (miR-130b-3p) expression in mTORC1-activated and control cells was examined 
by quantitative real-time PCR (qRT-PCR). MiR-130b-3p levels and their correlation with mTORC1 activity were 
evaluated by analyzing publicly available databases and in-house head and neck squamous cell carcinoma 
(HNSCC) tissues. The role of miR-130b-3p in mTORC1-mediated angiogenesis and tumor growth was examined 
using tube formation assay, chicken chorioallantoic membrane assay, cell line − derived xenograft models, and 
an HNSCC patient-derived xenograft (PDX) model. The regulatory mechanisms among signal transducer and 
activator of transcription 3 (STAT3), miR-130b-3p, and muscleblind-like protein 1 (MBNL1) were investigated via 
bioinformatics analyses, qRT-PCR, western blot, RNA immunoprecipitation, immunofluorescence, luciferase 
reporter assay, and chromatin immunoprecipitation assay.
Results: Elevated miR-130b-3p enhanced the angiogenic and tumorigenic abilities of mTORC1-activated cells 
both in vitro and in vivo. STAT3, a downstream effector of mTORC1, transactivated miR-130b-3p by direct 
binding promoter of the miR-130b gene. MBNL1 was identified as a direct target of miR-130b-3p. MBNL1 
depletion rescued the com-promised angiogenesis and tumor growth caused by miR-130b-3p inhibition. 
MiR-130b-3p levels were significantly upregulated and positively correlated with mTORC1 signaling in multiple 
cancers. MiR-130b-3p inhibition attenuated tumor angiogenesis and growth in an HNSCC PDX model. MBNL1 
feedback inhibited STAT3 activation in mTORC1-activated cells.

JOURNAL OF EXPERIMENTAL & CLINICAL 
CANCER RESEARCH 
2022 Dec;41(1):1-21
Impact Factor: 12.658

Materials and Methods
1.The expression of miR-130b-3p was detected using the Hairpin-itTM micro-RNAs qPCR
Quantitation Kit (GenePharma, Shanghai, China) according to the producer’s instructions.
2.Transient transfection of mouse miR-130b-3p mimics, inhibitors, and the negative control
(GenePharma) was conducted with Lipofectamine RNAiMax
3.A fragment of 330-bp MBNL1 3´-untranslated region (3´-UTR) containing the putative binding
site for miR-130b-3p was gener-ated by PCR  and cloned into the p-miRGLO firefly luciferase
vector (GenePharma).
4.The P3 xenografts were treated intratumorally with either antagomiR-130b-3p
(a 2´-OMe + 5´-chol–modified miR-130b-3p inhibitor) or the scramble control antagomiR-NC
(GenePharma)

Li et al. J Exp Clin Cancer Res          (2022) 41:297  
https://doi.org/10.1186/s13046-022-02513-z
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ABSTRACT: Tumor heterogeneity has been one of the most important factors leading to the failure of conventional 
cancer therapies due to the accumulation of genetically distinct tumor-cell subpopulations during the tumor 
development process. Due to the diversity of genetic mutations during tumor growth, combining the use of multiple 
drugs has only achieved limited success in combating heterogeneous tumors. Herein, we report a novel antitumor 
strategy that effectively addresses tumor heterogeneity by using a CRISPR/Cas9-based nanoRNP carrying a 
combination of sgRNAs. Such nanoRNP is synthesized from Cas9 ribonucleoprotein, any combinations of required 
sgRNAs, and a rationally designed responsive polymer that endows nanoRNP with high circulating stability, 
enhanced tumor accumulation, and the efficient gene editing in targeted tumor cells eventually. By carrying a 
combination of sgRNAs that targets STAT3 and RUNX1, the nanoRNP exhibited efficient gene expression 
disruptions on a heterogeneous tumor model with two subsets of cells whose proliferations were sensitive to the 
reduced expression of STAT3 and RUNX1, respectively, leading to the effective growth inhibition of the 
heterogeneous tumor. Considering the close relationship between tumor heterogeneity and cancer progression, 
resistance to therapy, and recurrences, nanoRNP provides a feasible strategy to overcome tumor heterogeneity in 
the development of more advanced cancer therapy against malignant tumors.  

NANO LETTERS 
2019 Oct 8; 19(11): 7662-72 
Impact Factor: 12.279 

Materials 
Hairpin-it miRNA qPCR Quantitation Kit was 
obtained from GenePharma Biotech (Shanghai, 
China).  
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Long noncoding RNA GSTM3TV2
upregulates LAT2 and OLR1 by
competitively sponging let-7 to promote
gemcitabine resistance in pancreatic cancer
Guangbing Xiong1,2†, Chang Liu3†, Gang Yang1†, Mengyu Feng1, Jianwei Xu1,4, Fangyu Zhao1, Lei You1, Li Zhou1, 
Lianfang Zheng5, Ya Hu1, Xiaowo Wang3*, Taiping Zhang1,6* and Yupei Zhao1*

Abstract
Background: Chemoresistance is one of the main causes of poor prognosis in pancreatic cancer patients. 
Understanding the mechanisms implicated in chemoresistance of pancreatic cancer is critical to 
improving patient outcomes. Recent evidences indicate that the long noncoding RNAs (lncRNAs) are 
involving in chemoresistance of pancreatic cancer. However, the mechanisms of lncRNAs contribute to 
resistance in pancreatic cancer and remain largely unknown. The objective of this study is to construct a 
chemoresistance-related lncRNA-associated competing endogenous RNA (ceRNA) network of pancreatic 
cancer and identify the key lncRNAs in regulating chemoresistance of the network.
Methods: Firstly, lncRNA expression profiling of gemcitabine-resistant pancreatic cancer cells was performed 
to identify lncRNAs related to chemoresistance by microarray analysis. Secondly, with insights into the 
mechanism of ceRNA, we used a bioinformatics approach to construct a chemoresistance-related lncRNAs-
associated ceRNA network. We then identified the topological key lncRNAs in the ceRNA network and 
demonstrated its function or mechanism in chemoresistance of pancreatic cancer using molecular 
biological methods. Further studies evaluated its expression to assess its potential association with 
survival in patients with pancreatic cancer.

Journal of Hematology & Oncology 
2019 Sep 12; 12:97
Impact Factor: 11.059

Materials and Methods
To synthesize cDNA, total RNA was 
reverse transcribed using a PrimeScript 
RT Reagent Kit (Takara, Japan) and a 
miRNA qPCR Quantitation Kit 
(GenePharma, Shang-hai, China) 
according to the manufacturer’s 
instructions. 
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RNA FISH probe and kit 

Abstract 
Background: Functions of CircMET (hsa_circ_0082002) which is a circular RNA and derived from MET gene 
remain understood incompletely. In the present study, Xp11.2 translocation/NONO-TFE3 fusion renal cell 
carcinoma (NONO-TFE3 tRCC) with up-regulated CircMET was employed to investigate its mechanism in 
cancer progression and post-transcriptional regulation.
Methods: FISH and real-time PCR were performed to explore the expression and localization circMET in 
NONO-TFE3 tRCC tissues and cells. The functions of circMET in tRCC were investigated by proliferation 
analysis, EdU staining, colony and sphere formation assay. The regulatory mechanisms among circMET, 
CDKN2A and SMAD3 were investi-gated by luciferase assay, RNA immunoprecipitation, RNA pulldown and 
targeted RNA demethylation system.
Results: The expression of circMET was upregulated by NONO-TFE3 fusion in NONO-TFE3 tRCC tissues and 
cells, and overexpression of circMET significantly promoted the growth of NONO-TFE3 tRCC. Mechanistic 
studies revealed that circMET was delivered to cytosol by YTHDC1 in N6-methyladenosine  (m6A)-depend 
manner. CircMET enhances mRNA decay of CDKN2A by direct interaction and recruitment of YTHDF2. 
Meanwhile, circMET competitively absorbed miR-1197 and prevented those from SMAD3 mRNA.
Conclusions: CircMET promotes the development of NONO-TFE3 tRCC, and the regulation to both CDKN2A 
and SMAD3 of circMET was revealed. CircMET has the potential to serve as a novel target for the molecular 
therapy of NONO-TFE3 tRCC as well as the other cancer with high-expressing circMET.
Keywords: circMET, m6A modification, NONO-TFE3, CDKN2A, SMAD3

Molecular Cancer 
2022 Dec;21(1):1-21 
Impact Factor: 41.444

Materials and Methods
The FISH experiment was performed according to the manufacturer’s instructions 
(GenePharma). 
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Abstract 
Rationale: Circular RNAs (circRNAs) have been demonstrated to contribute to esophageal cancer progression. 
CircB-CAR3 (hsa_circ_0007624) is predicted to be differentially expressed in esophageal cancer by 
bioinformatics analysis. We investigated the oncogenic roles and biogenesis of circBCAR3 in esophageal 
carcinogenesis.
Methods: Functions of circBCAR3 on cancer cell proliferation, migration, invasion, and ferroptosis were explored 
using the loss-of-function assays. A xenograft mouse model was used to reveal effects of circBCAR3 on 
xenograft growth and lung metastasis. The upstream and downstream mechanisms of circBCAR3 were 
investigated by bioinfor-matics analysis and confirmed by RNA immunoprecipitation and luciferase reporter 
assays. The dysregulated genes in hypoxia-induced esophageal cancer cells were identified using RNA-seq.
Results: CircBCAR3 was highly expressed in esophageal cancer tissues and cells and its expression was 
increased by hypoxia in vitro. Silencing of circBCAR3 repressed the proliferation, migration, invasion, and 
ferroptosis of esopha-geal cancer cells in vitro, as well as inhibited the growth and metastasis of esophageal 
xenograft in mice in vivo. The hypoxia-induced promotive effects on esophageal cancer cell migration and 
ferroptosis were rescued by circBCAR3 knockdown. Mechanistically, circBCAR3 can interact with miR-27a-3p by 
the competitive endogenous RNA mecha-nism to upregulate transportin-1 (TNPO1). Furthermore, our 
investigation indicated that splicing factor quaking (QKI) is a positive regulator of circBCAR3 via targeting the 
introns flanking the hsa_circ_0007624-formed exons in BCAR3 pre-mRNA. Hypoxia upregulates E2F7 to 
transcriptionally activate QKI.

Molecular Cancer 
2022 Dec;21(1):1-20 
Impact Factor: 41.444

Materials and Methods
CircBCAR3 overexpressing plasmid (pcDNA circB-CAR3), silencing plasmid (sh-
circBCAR3), and their negative controls (empty pcDNA and sh-NC) were com-mercially 
provided by GenePharma (Shanghai, China).
CircBCAR3 and miR-27a-3p were hybridized with Cy2-labeled probe and Cy5-labeled probe, 
respectively, according to the manufacturer’s protocols (GenePharma, Shanghai, China).
The EC109 cells stably expressing sh-circBCAR3 or sh-nc were establishedby infection with 
corresponding lentivirus vectors (backbone: pGLVU6/Puro; #C06002; GenePharma). 

Xi et al. Molecular Cancer          (2022) 21:145  
https://doi.org/10.1186/s12943-022-01615-8
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Abstract 
Background: Circular RNAs (circRNAs) are widely expressed in human cells and are closely associated with 
cancer development. However, they have rarely been investigated in the context of nasopharyngeal carcinoma 
(NPC).
Methods: We screened a new circRNA, circRNF13, in NPC cells using next-generation sequencing of mRNA. 
Reverse transcription polymerase chain reaction and RNA fluorescence in situ hybridization were used to 
detect circRNF13 expression in 12 non-tumor nasopharyngeal epithelial (NPE) tissues and 36 NPC samples. 
Cell proliferation was detected using MTT and flow cytometry assays, and colony formation capability was 
detected using colony formation assays. Cell migration and invasion were analyzed using wound-healing and 
Transwell assays, respectively. Cell gly-colysis was analyzed using the Seahorse glycolytic stress test. Glucose 
transporter type 1 (GLUT1) ubiquitination and SUMOylation modifications were analyzed using co-
immunoprecipitation and western blotting. CircRNF13 and Small Ubiquitin-like Modifier 2 (SUMO2) interactions 
were analyzed using RNA pull-down and luciferase reporter assays. Finally, to test whether circRNF13 inhibited 
NPC proliferation and metastasis in vivo, we used a xenograft nude mouse model generated by means of 
subcutaneous or tail vein injection.
Results: We found that circRNF13 was stably expressed at low levels in NPC clinical tissues and NPC cells. In 
vitro and in vivo experiments showed that circRNF13 inhibited NPC proliferation and metastasis. Moreover, 
circRNF13 activated the SUMO2 protein by binding to the 3′- Untranslated Region (3′-UTR) of the SUMO2 
gene and prolonging the half-life of SUMO2 mRNA. Upregulation of SUMO2 promotes GLUT1 degradation 
through SUMOylation and ubiquitination of GLUT1, which regulates the AMPK-mTOR pathway by inhibiting 
glycolysis, ultimately resulting in the proliferation and metastasis of NPC.
Conclusions: Our results revealed that a novel circRNF13 plays an important role in the development of NPC 
through the circRNF13-SUMO2-GLUT1 axis. This study implies that circRNF13 mediates glycolysis in NPC by 
binding to SUMO2 and provides an important theoretical basis for further elucidating the pathogenesis of NPC 
and targeted therapy.
Keywords: Nasopharyngeal carcinoma, circRNF13, SUMO2, GLUT1, Glycolysis, Proliferation, Metastasis

Molecular Cancer 
2021 Dec;20(1):1-21
Impact Factor: 27.401

Materials and Methods
The FISH experiment was performed according to the manufacturer’s instructions (GenePharma). 
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Abstract
Background: Circular RNAs (circRNAs) have been reported to have critical regulatory roles in tumor biology. 
However, their contribution to melanoma remains largely unknown.
Methods: CircRNAs derived from oncogene CD151 were detected and verified by analyzing a large number of 
melanoma samples through quantitative real-time polymerase chain reaction (qRT-PCR). Melanoma cells were 
stably transfected with lentiviruses using circ_0020710 interference or overexpression plasmid, and then CCK-8, 
colony formation, wound healing, transwell invasion assays, and mouse xenograft models were employed to 
assess the potential role of circ_0020710. RNA immunoprecipitation, luciferase reporter assay and fluorescence 
in situ hybridization were used to evaluate the underlying mechanism of circ_0020710.
Results: Our findings indicated that circ_0020710 was generally overexpressed in melanoma tissues, and high 
level of circ_0020710 was positively correlated with malignant phenotype and poor prognosis of melanoma 
patients. Elevated circ_0020710 promoted melanoma cell proliferation, migration and invasion in vitro as well as 
tumor growth in vivo. Mechanistically, we found that high level of circ_0020710 could upregulate the CXCL12 
expression via sponging miR-370-3p. CXCL12 downregulation could reverse the malignant behavior of 
melanoma cells conferred by circ_0020710 over expression. Moreover, we also found that elevated 
circ_0020710 was correlated with cytotoxic lymphocyte exhaustion, and a combination of AMD3100 (the 
CXCL12/CXCR4 axis inhibitor) and anti-PD-1 significantly attenuated tumor growth.
Conclusions: Elevated circ_0020710 drives tumor progression via the miR-370-3p/CXCL12 axis, and 
circ_0020710 is a potential target for melanoma treatment.
Keywords: circRNAs, CXCL12, Immune suppression, Melanoma

Molecular Cancer 
2020 Dec;19(1):1-14 
Impact Factor: 27.401

Materials and Methods
Cy3-labeled circMET probes were synthesized by GenePharma Technology (Shanghai, 
China). FISH was performed using a FISH kit (GenePharma) according to the manufacturer’s 
instructions. 
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Abstract
Background: Colorectal cancer (CRC) is one of the most common malignant tumours. The recurrence and 
metastasis of CRC seriously affect the survival rate of patients. Angiogenesis is an extremely important cause of 
tumour growth and metastasis. Circular RNAs (circRNAs) have been emerged as vital regulators for tumour 
progression. However, the regulatory role, clinical significance and underlying mechanisms still remain largely 
unknown.
Methods: High-throughput sequencing was used to analyse differential circRNAs expression in tumour and 
non-tumour tissues of CRC. In situ hybridization (ISH) and qRT-PCR were used to determine the level of 
circ3823 in CRC tissues and serum samples. Then, functional experiments in vitro and in vivo were performed 
to investigate the effects of circ3823 on tumour growth, metastasis and angiogenesis in CRC. Sanger 
sequencing, RNase R and Actinomycin D assay were used to verify the ring structure of circ3823. 
Mechanistically, dual luciferase reporter assay, fluorescent in situ hybridization (FISH), RNA 
immunoprecipitation (RIP) and RNA pull-down experiments were performed to confirm the underlying 
mechanisms of circ3823.
Results: Circ3823 was evidently highly expressed in CRC and high circ3823 expression predicted a worse 
prognosis of CRC patients. Receiver operating characteristic curves (ROCs) indicated that the expression of 
circ3823 in serum showed high sensitivity and specificity for detecting CRC which means circ3823 have the 
potential to be used as diagnostic biomarkers. Functional experiments in vitro and in vivo indicated that circ3823 
promote CRC cell proliferation, metastasis and angiogenesis. Mechanism analysis showed that circ3823 act as 
a competing endogenous RNA of miR-30c-5p to relieve the repressive effect of miR-30c-5p on its target TCF7 
which upregulates MYC and CCND1, and finally facilitates CRC progression. In addition, we found that N6-
methyladenosine (m6A) modification exists on circ3823. And the m6A modification is involved in regulating the 
degradation of circ3823.
Conclusions: Our findings suggest that circ3823 promotes CRC growth, metastasis and angiogenesis through 
circ3823/miR-30c-5p/TCF7 axis and it may serve as a new diagnostic marker or target for treatment of CRC 
patients. In addition, m6A modification is involved in regulating the degradation of circ3823.
Keywords: Colorectal cancer (CRC), Tumour progression, Angiogenesis, circ3823, N6-methyladenosine (m6A)
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Materials and Methods
The 5′ biotinylated miR-30c-5p pulldown probe or NC pulldown probe were designed 
and synthesized by Gene-pharma (Shanghai, China). 
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Abstract
Objective: Natural killer (NK) cells play a critical role in the innate antitumor immune response. Recently, NK cell 
dysfunction has been verified in various malignant tumors, including hepatocellular carcinoma (HCC). However, 
the molecular biological mechanisms of NK cell dysfunction in human HCC are still obscure.
Methods: The expression of circular ubiquitin-like with PHD and ring finger domain 1 RNA (circUHRF1) in HCC 
tissues, exosomes, and cell lines was detected by qRT-PCR. Exosomes were isolated from the culture medium of 
HCC cells and plasma of HCC patients using an ultracentrifugation method and the ExoQuick Exosome 
Precipitation Solution kit and then characterized by transmission electronic microscopy, NanoSight and western 
blotting. The role of circUHRF1 in NK cell dysfunction was assessed by ELISA. In vivo circRNA precipitation, RNA 
immunoprecipitation, and luciferase reporter assays were performed to explore the molecular mechanisms of 
circUHRF1 in NK cells. In a retrospective study, the clinical characteristics and prognostic significance of 
circUHRF1 were determined in HCC tissues.
Results: Here, we report that the expression of circUHRF1 is higher in human HCC tissues than in matched 
adjacent nontumor tissues. Increased levels of circUHRF1 indicate poor clinical prognosis and NK cell dysfunction 
in patients with HCC. In HCC patient plasma, circUHRF1 is predominantly secreted by HCC cells in an exosomal 
manner, and circUHRF1 inhibits NK cell-derived IFN-γ and TNF-α secretion. A high level of plasma exosomal 
circUHRF1 is associated with a decreased NK cell proportion and decreased NK cell tumor infiltration. Moreover, 
circUHRF1 inhibits NK cell function by upregulating the expression of TIM-3 via degradation of miR-449c-5p. 
Finally, we show that circUHRF1 may drive resistance to anti-PD1 immunotherapy in HCC patients.
Conclusions: Exosomal circUHRF1 is predominantly secreted by HCC cells and contributes to 
immunosuppression by inducing NK cell dysfunction in HCC. CircUHRF1 may drive resistance to anti-PD1 
immunotherapy, providing a potential therapeutic strategy for patients with HCC.

Molecular Cancer 
2020 Jun 27;19:110 
Impact Factor: 27.401

Materials and Methods
In brief, to generate probe-coated beads, the biotinylated circUHRF1 probe, 
biotinylated circAN-RIL probe, and biotinylated negative control (NC) probe 
(GenePharma, China)
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Bisphosphonate-related (BP-related) osteonecrosis of the jaw (BRONJ) is one of the severe side effects of administration 
of BPs, such as zoledronic acid (ZA), which can disrupt the patient’s quality of life. Although the direct target of skeletal 
vasculature and bone resorption activity by BPs has been phenomenally observed, the underlying mechanism in BRONJ 
remains largely elusive. Thus, it is urgently necessary to discover effective therapeutic targets based on the multifaceted 
underlying mechanisms in the development of BRONJ. Here, we determined the inhibitory role of ZA-treated macrophages 
on osteoclast differentiation and type H vessel formation during tooth extraction socket (TES) healing. Mechanistically, ZA 
activated the NF- B signaling pathway and then induced p65 nuclear translocation in macrophages to promote miR-149-5p 
transcription, resulting in impaired osteoclast differentiation via directly binding to the Traf6 3 -UTR region. Moreover, we 
identified that miR-149-5p–loaded extracellular vesicles derived from ZA-treated bone marrow–derived macrophages could 
regulate biological functions of endothelial cells via the Rap1a/Rap1b/VEGFR2 pathway. Furthermore, local administration 
of chemically modified antagomiR-149-5p was proven to be therapeutically effective in BRONJ mice. In conclusion, our 
findings illuminate the dual effects of miR-149-5p on skeletal angiogenesis and bone remolding, suggesting it as a 
promising preventive and therapeutic target for BRONJ.

Molecular Cancer 
2020 Jun 27;19:110 
Impact Factor: 27.401

Materials and Methods
miRNA antagomiR-149-5p and antagomir-NC  were synthesized by GenePharma Co. Ltd. 
miR-149-5p mimics, inhibitors, and negative control  (50 nM) were transfected into cells 
using Lipofectamine 2000 (Invitrogen) and synthesized by GenePharma Co. Ltd. 
miR-149-5p probe was designed and synthesized by Genepharma. 
The subcellular localization of miR-149-5p was examined with the FISH kit (Genepharma) 
according to the manufacturer’s instructions.

Macrophage miR-149-5p induction is a key driver and
therapeutic target for BRONJ

Xin Shen, … , Rongyao Xu, Hongbing Jiang

JCI Insight. 2022;7(16):e159865. https://doi.org/10.1172/jci.insight.159865.
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Glioblastoma (GBM) is a highly aggressive primary brain tumour and is resis-tant to nearly all available treatments, 
including natural killer (NK) cell immunotherapy. However, the factors mediating NK cell evasion in GBM remain largely 
unclear. Here, we report that EZH2-92aa, a protein encoded by circular EZH2, is overexpressed in GBM and induces the 
immune evasion of GBM stem cells (GSCs) from NK cells. Positively regulated by DEAD-box heli-case 3 (DDX3), 
EZH2-92aa directly binds the major histocompatibility complex class I polypeptide-related sequence A/B (MICA/B) 
promoters and represses their transcription; it also indirectly represses UL16-binding protein (ULBP) transcription by 
stabilizing EZH2. The downregulation of NK group 2D ligands (NKG2DLs, including MICA/B and ULBPs) in GSCs 
mediates NK cell resistance. Moreover, stable EZH2-92aa knockdown enhances NK cell-mediated GSC eradication in vitro 
and in vivo and synergizes with anti-PD1 therapy. Our results highlight the immunosuppressive function of EZH2-92aa in 
inhibiting theNKcellresponseinGBMandtheclinical potential of targeting EZH2-92aa for NK-cell-directed immune therapy.
Glioblastoma (GBM) is the most lethal primary brain tumour in adults. Despite aggressive treatments, including surgical 
resection, radio-therapy and chemotherapy, the outcomes of patients with GBM are dismal, with a median survival time of 
<2 years and a 5-year survival rate of only 5.8%1. While recent advances in cancer immunotherapy have improved patient 
outcomes in certain types of cancer, the immunosuppressive tumour microenvironment (TME) of GBM poses a major 
therapeutic challenge in malignant brain cancers2,3.
Natural killer (NK) cells are large granular lymphocytes that can spontaneously lyse malignant cells, including GBM stem 
cells (GSCs)4–6, suggesting their distinct advantages over T cells for therapeutic approaches7–9. However, the results of 
clinical trials using NK cells to target GBM were largely unsatisfactory10, prompting studies on the mechanism by which 
GSCs evade NK cell surveillance and eradication. NK cell cytotoxicity is facilitated by an array of activating receptors11. 
Disruption of receptor–ligand inter-actions between NK cells and GSCs is the primary determinant of NK cell resistance, as 
downregulation of NK group 2D (NKG2D) ligands is frequently observed in GBM12,13. However, the factors that deter-
mine the aberrant expression of NKG2D ligands remain largely unknown.

Nature Communications 
2022 Aug;13(1):1-18 
Impact Factor: 17.694

Materials and Methods
1.SiRNAs were obtained from GenePharma (Jiangsu, China).
2.Lentiviral shRNA vectors were obtained from GenePharma (Jiangsu, China).
3.To establish stable cell lines, GSCs were transduced with the above lentiviral vectors in culture
medium containing 8 μg/ml polybrene (GenePharma).
4.Cy3-labelled oligonucleotide probes complementary to the circEZH2 junction sequence were
synthesized by GenePharma (Jiangsu, China).

nature communications

Article https://doi.org/10.1038/s41467-022-32311-2

Circular EZH2-encoded EZH2-92aa
mediates immune evasion in glioblastoma
via inhibition of surface NKG2D ligands
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The Pattern Of Invasion (POI) of tumor cells into adjacent normal tissues clinically predicts postoperative tumor metastasis/
recurrence of early oral squamous cell carcinoma (OSCC), but the mechanisms underlying the devel-opment of these 
subtypes remain unclear. Focusing on the highest score of POIs (Worst POI, WPOI) present within each tumor, we observe 
a disease progression-driven shift of WPOI towards the high-risk type 4/5, associated with a mesenchymal phenotype in 
advanced OSCC. WPOI 4-5-derived cancer-associated fibroblasts (CAFsWPOI4-5), characterized by high oxytocin 
receptor expression (OXTRHigh), contribute to local-regional metastasis. OXTRHigh CAFs induce a desmoplastic stroma 
and CCL26 is required for the invasive pheno-type of CCR3+ tumors. Mechanistically, OXTR activates nuclear ERK5 tran-
scription signaling via Gαq and CDC37 to maintain high levels of OXTR and CCL26. ERK5 ablation reprograms the pro-
invasive phenotype of OXTRHigh CAFs. Therefore, targeting ERK5 signaling in OXTRHigh CAFs is a potential therapeutic 
strategy for OSCC patients with WPOI 4-5.
Oral squamous cell carcinoma (OSCC) is a characteristic locally aggressive tumor, accounting for more than 90% of all oral 
cancers, and is a major global public health problem1. Early-stage (T1/T2N0M0) OSCC patients are often treated with local 
surgery alone. However, 20–40% of these patients develop local recurrence and/or regional lymph node metastasis, which 
is the most significant adverse prog-nostic factor2. The lack of knowledge regarding the individual histo-logical 
characteristics of tumors is one of the major limitations of the currently used Tumor-Node-Metastasis (TNM) staging system. 
Defin-ing additional reliable prognostic histologic markers is therefore required to predict biological behavior and better 
stratify and manage OSCC patients.

Nature Communications 
2022 Aug;13(1):1-19
Impact Factor: 17.694

Materials and Methods
The FISH assay (ACTA2-cy3, red and OXTR-fam, green) was performed according to the 
manufacturer’s protocol (Shanghai GenePharma Co., Ltd, China), U6 and 18 S were used for 
cytoplasmic and nuclear positive controls, respectively. 

nature communications

Article https://doi.org/10.1038/s41467-022-32787-y

OXTRHigh stroma fibroblasts control the
invasion pattern of oral squamous cell
carcinoma via ERK5 signaling
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Splicing of influenza A virus (IAV) RNA is an essential process in the viral life cycle that involves the co-opting of 
host factors. Here, it is demonstrated that induction of host serine and arginine-rich splicing factor 5 (SRSF5) by 
IAV facilitated viral replication by enhancing viral M mRNA splicing. Mechanistically, SRSF5 with its RRM2 domain 
directly bounds M mRNA at conserved sites (M mRNA position 163, 709, and 712), and interacts with U1 small 
nuclear ribonucleoprotein (snRNP) to promote M mRNA splicing and M2 production. Mutations introduced to the 
three binding sites, without changing amino acid code, significantly attenuates virus replication and pathogenesis in 
vivo. Likewise, SRSF5 conditional knockout in the lung protects mice against lethal IAV challenge. Furthermore, 
anidulafungin, an approved antifungal drug, is identified as an inhibitor of SRSF5 that effectively blocks IAV 
replication in vitro and in vivo. In conclusion, SRSF5 as an activator of M mRNA splicing promotes IAV replication 
and is a host-derived antiviral target.
Influenza A viruses (IAVs) are prevalent in many mammalian and avian host species, and periodically cause 
epidemics or pan-demics in humans, and epizootics or panzootics in animals.Globally each year, there are around 
one bil-lion human infections of which 3–5 mil-lion are clinically critical with 300 000–600 000 ensuing deaths 
(https://www.cdc. gov/flu/season/index.html). Presently, with the ongoing COVID-19 pandemic, there are concerns 
of reduced population immunity against influenza viruses from prolonged shielding and reduced exposure. Annual 
in-fluenza vaccination is still the most effective protection available against the highly mu-table virus. All antivirals 
that target specific influenza viral components (such as M2 ion channel, neuraminidase, and polymerase subunit 
PA) are known to readily cause virus resistance which greatly limits their usefulness. Rather than directly target-ing 
viral components, it has been suggested that a cell-based approach that targets key host-dependent factor(s) 
necessary for viral replication could confer reduced virus resistance and broad-spectrum efficacy. Recently, it was 
found that thapsigargin, a sarco-endoplasmic Ca2+-ATPase pump inhibitor, is a highly po-tent broad-spectrum 
host-centric antiviral against three major human respiratory viruses: influenza A virus, SARS-CoV-2, and 
respiratory syncytial virus.

Advanced Science 
2022 Oct;:2203088 
Impact Factor: 17.521

Materials and Methods
Cells were then hybridized with Alexa Fluor 488-conjugated M RNA target probes (M-
probes, GenePharma) of PR8 virus in hybridization buffer for 10 min at 75 °C. 

RESEARCH ARTICLE
www.advancedscience.com

SRSF5-Mediated Alternative Splicing of M Gene is Essential
for Influenza A Virus Replication: A Host-Directed Target
Against Influenza Virus

Qiuchen Li, Zhimin Jiang,* Shuning Ren, Hui Guo, Zhimin Song, Saini Chen, Xintao Gao,
Fanfeng Meng, Junda Zhu, Litao Liu, Qi Tong, Honglei Sun, Yipeng Sun, Juan Pu,
Kin-Chow Chang, and Jinhua Liu*
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Low expression of TRAF3IP2-AS1 promotes 
progression of NONO‑TFE3 translocation 
renal cell carcinoma by stimulating 
N6-methyladenosine of PARP1 mRNA 
and downregulating PTEN
Lei Yang1,2, Yi Chen1,2, Ning Liu1,2, QianCheng Shi1,2, Xiaodong Han1,2, Weidong Gan3* and Dongmei Li1,2* 

Abstract 
Background: NONO-TFE3 translocation renal cell carcinoma (NONO-TFE3 tRCC) is one subtype of RCCs 
associated with Xp11.2 translocation/TFE3 gene fusions RCC (Xp11.2 tRCCs). Long non-coding RNA 
(lncRNA) has attracted great attention in cancer research. The function and mechanisms of TRAF3IP2 
antisense RNA 1 (TRAF3IP2-AS1), a natural antisense lncRNA, in NONO-TFE3 tRCC remain poorly 
understood.
Methods: FISH and qRT-PCR were undertaken to study the expression, localization and clinical significance 
of TRAF3IP2-AS1 in Xp11.2 tRCC tissues and cells. The functions of TRAF3IP2-AS1 in tRCC were 
investigated by prolifera-tion analysis, EdU staining, colony and sphere formation assay, Transwell assay 
and apoptosis analysis. The regulatory mechanisms among TRAF3IP2-AS1, PARP1, PTEN and 
miR-200a-3p/153-3p/141-3p were investigated by luciferase assay, RNA immunoprecipitation, Western blot 
and immunohistochemistry.
Results: The expression of TRAF3IP2-AS1 was suppressed by NONO-TFE3 fusion in NONO-TFE3 tRCC 
tissues and cells. Overexpression of TRAF3IP2-AS1 inhibited the proliferation, migration and invasion of 
UOK109 cells which were derived from cancer tissue of patient with NONO-TFE3 tRCC. Mechanistic studies 
revealed that TRAF3IP2-AS1 acceler-ated the decay of PARP1 mRNA by direct binding and recruitment of 
N6-methyladenosie methyltransferase complex. Meanwhile, TRAF3IP2-AS1 competitively bound to 
miR-200a-3p/153-3p/141-3p and prevented those from decreasing the level of PTEN.
Keywords: TRAF3IP2-AS1, M6A modification, NONO-TFE3, PARP1, PTEN

Journal of Hematology Oncology
2021 Mar 19; 14:46
Impact Factor: 17.388

Materials and Methods 
Cy3-labeled TRAF3IP2-AS1 probes 
were synthesized by GenePharma 
Technology (Shanghai, China). FISH 
was performed using a FISH Kit 
(GenePharma) according to the 
manufacturer’s instructions. 

RESEARCH Open Access
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The co-silencing of multiple tumor suppressor genes can lead to escalated malignancy in cancer cells. Given the 
limited efficacy of anticancer therapies targeting single tumor suppressor genes, we developed small circular 
single-stranded DNA (CSSD) that can up-regulate the expression of co-silenced tumor suppressor genes by 
sequestering microRNAs (miRNAs) that negatively regulate these genes. We found that cancer patients with low 
tumor expression of the tumor suppressor genes KLF17, CDH1, and LASS2 had shortened survival times. The 
up-regulation of these genes upon transfection of artificial CSSD-9 inhibited tumor proliferation and metastasis and 
promoted apoptosis in vitro as well as in ex vivo and patient-derived xenograft models. In addition, CSSD is more 
stable and effective than current miRNA inhibitors, and transfecting CSSDs via nanoparticles substantially improved 
delivery efficiency. The use of a single CSSD can promote the inhibition of multiple tumor suppressor genes. This 
study provides evidence for the possibility of using CSSDs as therapeutic miRNA inhibitors to target the co-silencing 
of multiple tumor suppressor genes.  

Science Translational Medicine 
2018; 17: 161 
Impact Factor: 17.161 

Materials and Methods 

Fluorescence in situ hybridization 
FAM-labeled locked nucleic acid – modified 
oligonucleotide probes complementary to mature miR-9 
were purchased from GenePharma. 
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Discrete single-cell microRNA analysis for phenotyping the heterogeneity of 
acute myeloid leukemia 
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Abstract
Acute myeloid leukemia (AML) is a highly heterogenous cancer in hematopoiesis, and its subtype specification is 
greatly important in the clinical practice for AML diagnosis and prognosis. Increasing evidence has shown the 
association between microRNA (miRNA) phenotype and AML therapeutic outcomes, emphasizing the need for novel 
techniques for convenient, sensitive, and efficient miRNA profiling in clinical practices. Here, we describe a 
nanoneedle-based discrete single-cell microRNA profiling technique for multiplexed phenotyping of AML het-
erogeneity without the requirement of sequencing or polymerase chain reaction (PCR). In virtue of a biochip- based 
and non-destructive nature of the assay, the expression of nine miRNAs in large number of living AML cells can be 
simultaneously analyzed with discrete single-cell level information, thus providing a proof-of- concept demonstration 
of an AML subtype classifier based on the multidimensional miRNA data. We showed successful analysis of subtype-
specific cellular composition with over 90% accuracy and identified drug- responsive leukemia subpopulations among 
a mixed suspension of cells modeling different AML subtypes. The adoption of machine learning algorithms for 
processing the large-scale nanoneedle-based miRNA data shows the potential for powerful prediction capability in 
clinical applications to assist therapeutic decisions. We believe that this platform provides an efficient and cost-
effective solution to move forward the translational prognostic usage of miRNAs in AML treatment and can be readily 
and advantageously applied in analyzing rare patient- derived clinical samples.   

BIOMATERIALS
2022 Dec;291:121869 
Impact Factor: 15.304

Materials and Methods
Single-stranded RNA probes complementary to miRNA targets were predesigned and 
synthesized by GenePharma (Shanghai). 
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Circular HER2 RNA positive triple negative
breast cancer is sensitive to Pertuzumab
Jie Li1,2†, Maoguang Ma1,2†, Xuesong Yang1†, Maolei Zhang1,3†, Jingyan Luo4, Huangkai Zhou1,3, Nunu Huang1,3, 
Feizhe Xiao5, Bingquan Lai4, Weiming Lv2 and Nu Zhang1,3*

Abstract
Background: Triple negative breast cancer (TNBC) remains the most challenging breast cancer subtype so far. 
Specific therapeutic approaches have rarely achieved clinical improvements in treatment of TNBC patients and 
effective molecular biomarkers are largely unknown.
Methods: We used paired TNBC samples and high throughput RNA sequencing to identify differentially 
expressed circRNAs. Sucrose gradient polysome fractionation assay, antibody and Mass spectra were used to 
validate active circRNA translation. The novel protein function was validated in vitro and in vivo by gain or loss 
of function assays. Mechanistic results were concluded by immunoprecipitation analyses and kinase activity 
assay.
Results: Circular HER2 RNA (circ-HER2) encoded a novel protein, HER2–103. Unexpectedly, while HER2 
mRNA and protein were barely detected, circ-HER2/HER2–103 was expressed in ~ 30% TNBC clinical 
samples. Circ-HER2/HER2–103 positive TNBC patients harbored worse overall prognosis than circ-HER2/
HER2–103 negative patients. Knockdown circ-HER2 inhibited TNBC cells proliferation, invasion and 
tumorigenesis in vitro and in vivo, suggesting the critical role of circ-HER2/HER2–103 in TNBC tumorigenicity. 
Mechanistically, HER2–103 promoted homo/hetero dimerization of epidermal growth factor receptor (EGFR)/
HER3, sustained AKT phosphorylation and downstream malignant phenotypes. Furthermore, HER2–103 
shared most of the same amino acid sequences as HER2 CR1 domain which could be antagonized by 
Pertuzumab, a clinical used HER2 antibody. Pertuzumab markedly attenuated in vivo tumorigenicity of circ-
HER2/HER2–103 expressing TNBC cells but showed no effects in circ-HER2/HER2–103 negative TNBC cells.

Molecular Cancer     
2020 Sep 11; 19:142 
Impact Factor: 15.302

Materials and Methods 
RNA FISH assay was 
performed using RNA 
FISH  kit (Suzhou 
GenePharma Co, Ltd., 
Suzhou, China)
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Interplay between cancer cells and M2
macrophages is necessary for miR-550a-3-
5p down-regulation-mediated HPV-positive
OSCC progression
Ming-xin Cao1, Wei-long Zhang1, Xiang-hua Yu1, Jia-shun Wu1, Xin-wei Qiao1, Mei-chang Huang1, Ke Wang1, 
Jing-biao Wu1, Ya-Jie Tang2, Jian Jiang3, Xin-hua Liang1* and Ya-ling Tang1*

Abstract
Background: Human papillomavirus (HPV)-positive oral squamous cell carcinoma (OSCC) is increasing 
worldwide with typically higher grade and stage, while better prognosis. microRNAs (miRNAs) has been 
shown to play a critical role in cancer, however, their role in HPV-positive OSCC progression remains 
unclear.
Methods: miRNA microarray was performed to identify differentially expressed miRNAs. qRT-PCR and 
FISH were performed to determine the relative expression of miR-550a-3-5p. CCK-8, Flow cytometry, 
Wound healing, Cell invasion assays and xenograft experiments were conducted to analyze the 
biological roles of miR-550a-3-5p. Tumor-associated macrophages (TAMs) generation, co-culturing of 
cancer cells with TAMs, Western blot, Dual-luciferase reporter gene assay, Immunohistochemistry and 
animal studies were performed to explore the mechanisms underlying the functions of miR-550a-3-5p. 
Results: We identified 19 miRNAs differentially expressed in HPV-positive OSCC specimens and 
miR-550a-3-5p was down-regulated. The low expression of miR-550a-3-5p correlated with higher tumor size 
and nodal metastasis of HPV-positive OSCC patients. Then, we found that miR-550a-3-5p 
suppressed the migration, invasion and EMT of HPV-positive OSCC cells dependent on decreasing M2 
macrophages polarization. Moreover, miR-550a-3-5p, down-regulated by E6 oncoprotein, inhibited M2 
macrophages polarization by YAP/CCL2 signaling, which in turn abrogating EMT program in HPV-
positive OSCC cells. In addition, in both xenografts and clinical HPV-positive OSCC samples, 
miR-550a-3-5p levels were inversely associated with YAP, CCL2 expressions and the number of M2 
macrophages.

Jornal of Experimental 
&Clinical Cancer Research 
2020 JUN 3; 39:102
Impact Factor: 15.302

Materials and Methods
FISH assays were performed using 
miRNA Fluorescence In Situ 
Hybridization Kit (GenePharma)
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Circular RNA circCCDC9 acts as a miR-6792-
3p sponge to suppress the progression of
gastric cancer through regulating CAV1
expression
Zai Luo1†, Zeyin Rong1†, Jianming Zhang1†, Zhonglin Zhu1,2†, Zhilong Yu1, Tengfei Li1, Zhongmao Fu1,
Zhengjun Qiu1 and Chen Huang1*

Abstract
Background: As a novel type of noncoding RNAs, covalently closed circular RNAs (circRNAs) are 
ubiquitously expressed in eukaryotes. Emerging studies have related dysregulation of circRNAs to 
tumorigenesis. However, the biogenesis, regulation, function and mechanism of circRNAs in gastric cancer 
(GC) remain largely unclear.
Methods: The expression profile of circRNAs in 6 pairs of GC tissues and adjacent non-tumor tissues was 
analyzed by RNA-sequencing. Quantitative real-time PCR was used to determine the expression level of 
circCCDC9 in GC tissues and cell lines. Then, functional experiments in vitro and in vivo were employed to 
explore the effects of circCCDC9 on tumor growth and metastasis in GC. Mechanistically, dual luciferase 
reporter, fluorescence in situ hybridization (FISH), RNA immunoprecipitation (RIP) and RNA pull-down assays 
were performed to confirm that circCCDC9 directly sponged miR-6792-3p and alleviated suppression on target 
CAV1 expression.
Results: Evidently down-regulated expression of circCCDC9 was observed in both GC tissues and cell lines. 
Expression of circCCDC9 was negatively correlated with tumor size, lymph node invasion, advanced clinical 
stage and overall survival in GC patients. Functionally, overexpression of circCCDC9 significantly inhibited the 
proliferation, migration and invasion of GC cell lines in vitro and tumor growth and metastasis in vivo, whereas 
miR-6792-3p mimics counteracted these effects. Mechanistic analysis demonstrated that circCCDC9 acted as 
a “ceRNA” of miR-6792-3p to relieve the repressive effect of miR-6792-3p on its target CAV1, then suppressed 
the tumorigenesis of GC.

Molecular Cancer 
2020 May 9; 19:86 
Impact Factor: 15.302

Materials and Methods
Cy3-labeled circCCDC9 probes and 
FAM-labeled miR-6792-3p were 
designed and synthesized by 
GenePharma (Shanghai,China).
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Circular RNA ACVR2A suppresses bladder
cancer cells proliferation and metastasis
through miR-626/EYA4 axis
Wei Dong1,2†, Junming Bi1,2†, Hongwei Liu1,2†, Dong Yan1,2, Qingqing He1,2, Qianghua Zhou1,2, Qiong Wang1,2, 
Ruihui Xie1,2, Yinjie Su1,2, Meihua Yang1,2, Tianxin Lin1,2* and Jian Huang1,2*

Abstract
Background: Circular RNAs (circRNAs) have been considered to mediate occurrence and development of 
human cancers, generally acting as microRNA (miRNA) sponges to regulate downstream genes expression. 
However, the aberrant expression profile and dysfunction of circRNAs in human bladder cancer remain to be 
investigated. The present study aims to elucidate the potential role and molecular mechanism of circACVR2A 
in regulating the proliferation and metastasis of bladder cancer.
Methods: circACVR2A (hsa_circ_0001073) was identified by RNA-sequencing and validated by quantitative 
real-time polymerase chain reaction and agarose gel electrophoresis. The role of circACVR2A in bladder 
cancer was assessed both in vitro and in vivo. Biotin-coupled probe pull down assay, biotin-coupled 
microRNA capture, dual-luciferase reporter assay, and fluorescence in situ hybridization were conducted to 
evaluate the interaction between circACVR2A and microRNAs.
Results: The expression of circACVR2A was lower in bladder cancer tissues and cell lines. The down-
regulation of circACVR2A was positively correlated with aggressive clinicopathological characteristics, and 
circACVR2A served as an independent risk factor for overall survival in bladder cancer patients after 
cystectomy. Our in vivo and in vitro data indicated that circACVR2A suppressed the proliferation, migration 
and invasion of bladder cancer cells. Mechanistically, we found that circACVR2A could directly interact with 
miR-626 and act as a miRNA sponge to regulate EYA4 expression.

Molecular Cancer
2019 May 17; 18: 95
Impact Factor: 15.302

Materials and Methods
The biotinylated circACVR2A probe 
and oligo probe (GenePharma, China) the 
Cy3-labeled circACVR2A probe and 
Cy5-labeled miRNA-626 probe were 
designed and synthesized by GenePharma 
(Shanghai, China). 
The signals of the probe were detected 
by the Fluorescent In Situ Hybridization Kit 
(GenePharma, China)
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Circular RNA circ-ZKSCAN1 inhibits bladder
cancer progression through miR-1178-3p/
p21 axis and acts as a prognostic factor of
recurrence
Junming Bi1,2†, Hongwei Liu3†, Wei Dong4†, Weibin Xie1,2†, Qingqing He1,2, Zijian Cai1,2, Jian Huang1,2* and Tianxin 
Lin1,2*

Abstract
Background: Circular RNAs (circRNAs) represent a subclass of regulatory RNAs that have been shown to 
have significant regulatory roles in cancer progression. However, the biological functions of circRNAs in 
bladder cancer (BCa) are largely unknown.
Methods: Cell invasion models were established, and invasion-related circRNAs were detected by qPCR. 
Using above method, circ-ZKSCAN1 was picked out for further study. Circ-ZKSCAN1 expression and survival 
analyses were performed through qPCR. The survival curves were generated by the Kaplan-Meier method, 
and the log-rank test was used to assess the significance. Cell proliferation, migration and invasion were 
examined to investigate the function of circ-ZKSCAN1. Tumorigenesis in nude mice was assessed to 
determine the effect of circ-ZKSCAN1 in bladder cancer. Biotin-coupled probe pull-down assays, FISH and 
luciferase reporter assays were conducted to confirm the relationship between circ-ZKSCAN1 and microRNA. 
RNA-seq revealed different molecular changes in downstream genes.
Results: Here, we found that circ-ZKSCAN1 was downregulated in BCa tissues and cell lines. Circ-
ZKSCAN1 levels were associated with survival, tumor grade, pathological T stage and tumor recurrence. 
Overexpressed circ-ZKSCAN1 inhibits cell proliferation, migration, invasion and metastasis in vitro and in 
vivo. Mechanistically, we demonstrated that circ-ZKSCAN1 upregulated p21 expression by sponging 
miR-1178-3p, which suppressed the aggressive biological behaviors in bladder cancer.

Molecular Cancer
2019 Sep 3 ; 18: 133
Impact Factor: 15.302

Materials and Methods
Circ-ZKSCAN1 biotinylated-probe was 
designed and syny-hesized by 
GenePharma (Shanghai, China). 
Cells were incubate with cy3-labelled circ-
ZKSCAN1 probe (GenePharma, China)
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Cancer cell-derived exosomal circUHRF1
induces natural killer cell exhaustion and
may cause resistance to anti-PD1 therapy
in hepatocellular carcinoma
Peng-Fei Zhang1,2,3†, Chao Gao1,2†, Xiao-Yong Huang1,2†, Jia-Cheng Lu1,2†, Xiao-Jun Guo1,2, Guo-Ming Shi1,2*,
Jia-Bin Cai1,2* and Ai-Wu Ke1,2*

Abstract
Objective: Natural killer (NK) cells play a critical role in the innate antitumor immune response. Recently, NK cell 
dysfunction has been verified in various malignant tumors, including hepatocellular carcinoma (HCC). However, 
the molecular biological mechanisms of NK cell dysfunction in human HCC are still obscure.
Methods: The expression of circular ubiquitin-like with PHD and ring finger domain 1 RNA (circUHRF1) in HCC 
tissues, exosomes, and cell lines was detected by qRT-PCR. Exosomes were isolated from the culture medium of 
HCC cells and plasma of HCC patients using an ultracentrifugation method and the ExoQuick Exosome 
Precipitation Solution kit and then characterized by transmission electronic microscopy, NanoSight and western 
blotting. The role of circUHRF1 in NK cell dysfunction was assessed by ELISA. In vivo circRNA precipitation, RNA 
immunoprecipitation, and luciferase reporter assays were performed to explore the molecular mechanisms of 
circUHRF1 in NK cells. In a retrospective study, the clinical characteristics and prognostic significance of 
circUHRF1 were determined in HCC tissues.
Results: Here, we report that the expression of circUHRF1 is higher in human HCC tissues than in matched 
adjacent nontumor tissues. Increased levels of circUHRF1 indicate poor clinical prognosis and NK cell dysfunction 
in patients with HCC. In HCC patient plasma, circUHRF1 is predominantly secreted by HCC cells in an exosomal 
manner, and circUHRF1 inhibits NK cell-derived IFN-γ and TNF-α secretion. A high level of plasma exosomal 
circUHRF1 is associated with a decreased NK cell proportion and decreased NK cell tumor infiltration. Moreover, 
circUHRF1 inhibits NK cell function by upregulating the expression of TIM-3 via degradation of miR-449c-5p. 
Finally, we show that circUHRF1 may drive resistance to anti-PD1 immunotherapy in HCC patients.

Molecular Cancer
2020 Jun 27 ; 19: 110
Impact Factor: 15.302

Materials and Methods
The biotinylated circUHRF1 probe, 
biotinylated circRAN-RIL probe, and 
biotinylated negative control (NC) probe 
(GenePharma, China)
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Abstract
Microglia are the primary cellular source of type I interferons (I-IFNs) in the brain upon neurotropic virus infection. 
Although the I-IFN-based antiviral innate immune response is crucial for eliminating viruses, overproduction led to 
immune disorders. Therefore, the relatively long-lasting I-IFNs must be precisely controlled, but the regulatory 
mechanism for the innate antiviral response in microglia remains largely unknown. Long non-coding RNAs 
(lncRNAs) are being recognized as crucial factors in numerous diseases, but their regulatory roles in the innate 
antiviral response in microglia are undefined. 
Methods: The high-throughput RNA sequencing was performed to obtain differentially expressed lncRNAs (DELs) 
in primary microglia infected with or without the neurotropic herpes simplex virus type 1 (HSV-1). We selected 
four DELs ranked in the top 15 in basic level and their fold change induced by HSV-1, i.e., FPKMHSV-1/
FPKMCells.We subsequently found a key lncRNA affecting the innate antiviral response of microglia significantly. 
We next used dual-luciferase reporter assays, bioinformatical tools, and truncation mutants of both lncRNA and 
targeted proteins to elucidate the downstream and upstream mechanism of action of lncRNA. Further, we 
established microglia-specific knock-in (KI) mice to investigate the role of lncRNA in vivo. 
Results: We identified a long intergenic non-coding RNA, linc-AhRA, involved in regulating the innate antiviral 
response in murine microglia. linc-AhRA is activated by aryl hydrocarbon receptor (AhR) and restricts I-IFN 
production in microglia upon neurotropic herpesvirus infection and innate immune stimulation. Mechanistically, 
linc-AhRA binds to both tripartite motif-containing 27 (TRIM27) and TANK-binding kinase 1 (TBK1) through its 
conserved 117nt fragment as a molecular scaffold to enhance TRIM27-TBK1 interaction. This interaction 
facilitates the TRIM27-mediated ubiquitination of TBK1 and results in ubiquitin-proteasome-dependent 
degradation of TBK1. Consequently, linc-AhRA suppresses I-IFN production through facilitating TBK1 
degradation and limits the microglial innate immune response against neurotropic herpesvirus infection. 
Microglia-specific KI of linc-AhRA mice shows a weakened antiviral immune response upon neurotropic 
herpesvirus challenge due to a reduction of TBK1 in microglia. 

Theranostics
2021 Sep 21 ; 11(19)
Impact Factor: 11.556

Materials and Methods
The validated siRNAs were obtained from Sigma  and synthesized by GenePharma.
RNA-FISH was performed according to the protocol provided in the RNA FISH Kit (GenePharma).

Theranostics 2021, Vol. 11, Issue 19 9623 
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Abstract 
Background: Long noncoding RNAs (lncRNAs) have emerged as important regulators in a variety of 
human diseases. The dysregulation of liver sinusoidal endothelial cell (LSEC) phenotype is a critical early 
event in the fibrotic process. However, the biological function of lncRNAs in LSEC still remains unclear.
Methods: The expression level of lncRNA Airn was evaluated in both human fibrotic livers and serums, as 
well as mouse fibrotic livers. Gain- and loss-of-function experiments were performed to detect the effect of 
Airn on LSEC differentiation and hepatic stellate cell (HSC) activation in liver fibrosis. Furthermore, RIP, 
RNA pull-down-immunoblot-ting, and ChIP experiments were performed to explore the underlying 
mechanisms of Airn.
Results: We have identified Airn was significantly upregulated in liver tissues and LSEC of carbon 
tetrachloride (CCl4)-induced liver fibrosis mouse model. Moreover, the expression of AIRN in fibrotic human 
liver tissues and serums was remarkably increased compared with healthy controls. In vivo studies showed 
that Airn deficiency aggravated CCl4- and bile duct ligation (BDL)-induced liver fibrosis, while Airn over-
expression by AAV8 alleviated  CCl4-induced liver fibrosis. Furthermore, we revealed that Airn maintained 
LSEC differentiation in vivo and in vitro. Additionally, Airn inhibited HSC activation indirectly by regulating 
LSEC differentiation and promoted hepatocyte (HC) proliferation by increasing paracrine secretion of Wnt2a 
and HGF from LSEC. Mechanistically, Airn interacted with EZH2 to maintain LSEC differentiation through 
KLF2-eNOS-sGC pathway, thereby maintaining HSC quiescence and promoting HC proliferation.
Conclusions: Our work identified that Airn is beneficial to liver fibrosis by maintaining LSEC differentiation 
and might be a serum biomarker for liver fibrogenesis.
Keywords: Liver fibrosis, lncRNA, LSECs, KLF2, eNOS-sGC

BMC Medicine
2022 Dec;20(1):1-19 
Impact Factor: 11.15

Materials and Methods
siAirns and siRNA-Control were gained from GenePharma.
Airn probes were synthesized by GenePharma Technology (Shanghai, China). FISH was 
performed using a FISH Kit (GenePharma) according to the manufacturer’s instructions. 
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Abstract 
Background: Increasing evidence has revealed that circular RNAs (circRNAs) play crucial roles in cancer biology. 
However, the role and underlying regulatory mechanisms of circFNDC3B in bladder cancer (BC) remain unknown. 
Methods: A cell invasion model was established by repeated transwell assays, and invasion-related circRNAs in BC 
were identified through an invasion model. The expression of circFNDC3B was detected in 82 BC tissues and cell 
lines by quantitative real-time PCR. Functional assays were performed to evaluate the effects of circFNDC3B on 
proliferation, migration and invasion in vitro-, and on tumorigenesis and metastasis in vivo. The relationship 
between circFNDC3B and miR-1178-3p was confirmed by fluorescence in situ hybridization, pull-down assay and 
luciferase reporter assay.  
Results: In the present study, we identified a novel circRNA (circFNDC3B) through our established BC cell invasion 
model. We found that circFNDC3B was dramatically downregulated in BC tissues and correlated with pathological T 
stage, grade, lymphatic invasion and patients’ overall survival rate. Functionally, overexpression of circFNDC3B 
significantly inhibited proliferation, migration and invasion both in vitro and in vivo. Mechanistically, circFNDC3B 
could directly bind to miR-1178-3p, which targeted the 5′UTR of the oncogene G3BP2. Moreover, circFNDC3B 
acted as a miR-1178-3p sponge to suppress G3BP2, thereby inhibiting the downstream SRC/FAK signaling 
pathway.  
Conclusions: CircFNDC3B may serve as a novel tumor suppressive factor and potential target for new therapies in 
human BC.  
Keywords: circFNDC3B, miR-1178-3p, G3BP2, SRC/FAK, Bladder cancer 
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Impact Factor: 10.679 

Methods 
The signals of the probe were detected by a Fluorescent In Situ 
Hybridization Kit (GenePharma, China) according to the 
manufacturer’s protocol. For miR-188-3p mimics delivery, chemically 
modified mimics were 2’-OMe modified (GenePharma, Shanghai). 
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Abstract 
Background: Circular RNAs (circRNAs) are a novel class of endogenous noncoding RNAs formed by a covalently 
closed loop, and increasing evidence has revealed that circRNAs play crucial functions in regulating gene 
expression. CircSLC8A1 is a circRNA generated from the SLC8A1 gene. Currently, the role and underlying 
molecular mechanisms of circSLC8A1 in bladder cancer remain unknown. 
Methods: The differentially expressed circRNAs were identified from RNA-sequencing data, and circSLC8A1 was 
determined as a new candidate circRNA. qRT-PCR was used to detect the expression of circRNAs, miRNAs and 
mRNAs in human tissues and cells. RNA pull-down assay and luciferase reporter assay were used to investigate 
the interactions between the specific circRNA, miRNA and mRNA. The effects of circSLC8A1 on bladder cancer 
cells were explored by transfecting with plasmids in vitro and in vivo. The expression of PTEN was detected by 
Western blot. The biological roles were measured by wound healing assay, transwell assay, and CCK-8 assay.  
Results: In the present study, we found that circSLC8A1 was down-regulated in bladder cancer tissues and cell 
lines, and circSLC8A1 expression was associated with the pathological stage and histological grade of bladder 
cancer. Over-expression of circSLC8A1 inhibited cell migration, invasion and proliferation both in vitro and in vivo. 
Mechanistically, circSLC8A1 could directly interact with miR-130b/miR-494, and subsequently act as a miRNA 
sponge to regulate the expression of the miR-130b/miR-494 target gene PTEN and downstream signaling pathway, 
which suppressed the progression of bladder cancer.  
Conclusions: CircSLC8A1 acts as a tumor suppressor by a novel circSLC8A1/miR-130b, miR-494/PTEN axis, 
which may provide a potential biomarker and therapeutic target for the management of bladder cancer. 

Molecular Cancer 
2019; 18: 111 
Impact Factor: 10.679 

Methods 
The probes were designed and synthesized by Genepharma 
(Shanghai, China), and the signals of the probes were detected 
by a Fluorescent In Situ Hybridization Kit (Genepharma, 
Shanghai, China) according to the manufacturer’ s instructions. 
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Translocating a High-Affinity Designer TIMP-1 to the Cell 
Membrane for Total Renal Carcinoma Inhibition: Putting the 
Prion Protein to Good Use

Bingjie Jiang,a Yuewei Xu,b Yihe Zhang,a Meng Huee Leea

ABSTRACT Membrane type 1-matrix metalloproteinase (MT1-MMP) and tumor necrosis factor � (TNF-�)-

converting enzyme (TACE) are prominent membrane-anchored metalloproteinases that regulate the turnover

of extracellular matrix (ECM) components and bioactive molecules required for cancer proliferation. In this

study, we describe a novel approach that would allow tissue inhibitor of metalloproteinase 1 (TIMP-1), the

endogenous inhibitor of the matrix metallopro-teinases (MMPs), to be translocated to the cell membrane for

simultaneous MT1-MMP/TACE inhibition. We achieve this by fusing T1TACE, a designer TIMP-1 with superb

affinities for MT1-MMP and TACE, to the glycosyl-phosphatidyl inositol anchor of prions to create a membrane-

tethered, broad-spectrum inhibitor, named T1Pr �TACE, that colocalizes with MT1-MMP and TACE on the cell

surface. Transduction of T1Pr � TACE in human fibrosarcoma cells results not only in a sub-stantial reduction in

gelatinolytic and TNF-�/heparin binding epithelial growth factor shedding activities but also in a loss of

tubulogenic capability in three-dimensional matrices. In renal carcinoma, T1Pr �  TACE triggers cellular

senescence and disrupts MMP-mediated proteolysis of ECM components such as fibronectin and collagen I,

leading to an impairment in cell motility and survival under both in vitro and in vivo conditions. Taken together,

our findings may provide a new perspective in TIMP targeting that could be exploited to halt metastatic renal

carcinoma progression. 
KEYWORDS ADAM, MMP, MT1-MMP, prion, TACE, TIMP

Molecular and Cellular Biology 
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Materials and Methods
All experiments involving the 
use of animals were 
conducted by GenePharma, Co., 
Ltd. 
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SRPX2 Promotes Cell Proliferation and Invasion in 
Osteosarcoma Through Regulating Hippo Signaling 
Pathway

Background/Purpose: Osteosarcoma (OS), a primary bone malignancy, is characterized by a high rate of metastasis. 
It has been found that Sushi repeat containing protein X-linked 2 (SRPX2) is involved in tumor cell proliferation, 
adhesion, invasion and migration. The current work aimed to explore the effect of SRPX2 on OS cell invasion and 
proliferation. Methods: Immunohistochemistry (IHC), Western blotting and reverse transcription-polymerase chain 
reaction (RT-PCR) were used to detect the expression of the associated protein in OS tissues and cell lines. Cell 
counting kit-8 (CCK8), transwell and colony formation assays were used to determine cell viability, invasion, and 
proliferation, respec-tively. The in vivo tumorigenic ability of SRPX2 gene was determined using nude mouse 
tumorigenesis test.
Results: SRPX2 knockdown suppressed the viability, while SRPX2 overexpression increased the invasion and colony 
formation ability of the cells in vitro. In vivo experiments demonstrated that SRPX2 knockdown inhibited tumor growth 
and invasion as evidenced by decreased Ki67 and N-cadherin levels, and increased E-cadherin level. Downregulation 
of SRPX2 increased YAP phosphorylation resulting in reduced nuclear translocation to activate Hippo signaling 
pathway. The promotion of cell viability, colony-forming ability, and invasion, and the inhibition of CTGF, Cyr61, and 
Birc5 levels promoted by SRPX2 over-expression were reversed by YAP inhibition.
Conclusion: SRPX2 increased cell proliferation and invasion in osteosarcoma by activating Hippo signaling pathway.
Keywords: osteosarcoma, SRPX2, proliferation, invasion, Hippo signaling pathway

OncoTargets and Therapy 
2020 Mar 13; 13 1737–1749 
Impact Factor: 3.337

Materials
SRPX2 and YAP that were 
silenced were achieved 
using small interfering RNA 
(siRNA). The siRNAs were 
designed by Genepharma 
Inc. (Shanghai, China).
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Materials and Methods
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The circular RNA circSPARC enhances the
migration and proliferation of colorectal
cancer by regulating the JAK/STAT pathway
Jiaqi Wang1,2†, Yi Zhang1†, Hu Song1†, Hang Yin2, Tao Jiang1, Yixin Xu1, Lianyu Liu1,2, Hongyu Wang1,2, Hong Gao2,
Renhao Wang1,2* and Jun Song1,2*

Abstract
Background: Noncoding RNAs such as circular RNAs (circRNAs) are abundant in the human body and influence 
the occurrence and development of various diseases. However, the biological functions of circRNAs in colorectal 
cancer (CRC) are largely unknown.
Methods: RT-qPCR was used to detect the expression of circRNAs and mRNA in CRC cells and tissues. 
Fluorescence in situ hybridization (FISH) was used to analyze the location of circSPARC. Function-based 
experiments were performed using circSPARC knockdown and overexpression cell lines in vitro and in vivo, 
including CCK8, colony formation, transwell and metastasis models. Mechanistically, luciferase reporter assay, 
western blots, RNA，immunoprecipitation (RIP), Chromatin isolation by RNA purification (ChIRP) and 
immunohistochemical stainings were performed.
Results: CircSPARC was upregulated in both the tissues and plasma of CRC patients. High expression of 
circSPARC was associated with advanced TNM stage, lymph node metastases, and poor survival. Silencing 
circSPARC inhibited CRC cell migration and proliferation in vitro and vivo. Mechanistically, circSPARC sponged 
miR-485-3p to upregulate JAK2 expression and ultimately contribute to the accumulation of phosphorylated (p)-
STAT3. Besides, circSPARC recruited FUS, which facilitated the nuclear translocation of p-STAT3.
Conclusions: These findings suggest that circSPARC might serve as a potential diagnostic and prognostic 
biomarker and a therapeutic target for CRC treatment by regulating JAK2/STAT3 pathway.
Keywords: Colorectal cancer, circRNA, circSPARC, JAK/STAT signalling pathway, Biomarker

The circSPARC sequence was cloned into the psiCHECK-2 (GenePharma, China) vector, 
which contains the firefly luciferase gene (hLuc+) and Renilla luciferase gene (hRluc).
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The circRNA circSEPT9 mediated by E2F1
and EIF4A3 facilitates the carcinogenesis
and development of triple-negative breast
cancer
Xiaying Zheng1, Mengge Huang2, Lei Xing3, Rui Yang1, Xiaosong Wang1, Rong Jiang4, Luyu Zhang5 and
Junxia Chen1*

Abstract
Background: Increasing studies have shown that circRNA is closely related to the carcinogenesis 
and development of many cancers. However, biological functions and the underlying molecular 
mechanism of circRNAs in triple-negative breast cancer (TNBC) remain largely unclear so far.
Methods: Here, we investigated the expression pattern of circRNAs in four pairs of TNBC tissues 
and paracancerous normal tissues using RNA-sequencing. The expression and prognostic 
significance of circSEPT9 were evaluated with qRT-PCR and in situ hybridization in two TNBC 
cohorts. The survival curves were drawn by the Kaplan-Meier method, and statistical significance was 
estimated with the log-rank test. A series of in vitro and in vivo functional experiments were executed 
to investigate the role of circSEPT9 in the carcinogenesis and development of TNBC. Mechanistically, 
we explored the potential regulatory effects of E2F1 and EIF4A3 on biogenesis of circSEPT9 
with chromatin immunoprecipitation (ChIP), luciferase reporter and RNA immunoprecipitation (RIP) 
assays. Furthermore, fluorescent in situ hybridization (FISH), luciferase reporter and biotin-coupled 
RNA pull-down assays were implemented to verify the relationship between the circSEPT9 and miR-637 
inTNBC.

Molecular Cancer
2020 Apr 7 ; 19: 73
Impact Factor: 15.302

Materials and Methods
The sequences of circSEPT9 or LIF 
3’UTR containing the wild-type (WT) or 
mutant (Mut) binding site of hsa-miR-637 
were devised and synthesized by 
GenePharma (Shanghai, China). 
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Abstract:Mesenchymal stem cells-derived exosomes (MSC-exos) have attracted great interest as a cell-free 
therapy for acute kidney injury (AKI). However, the in vivo biodistribution of MSC-exos in ischemic AKI has not 
been established. The potential of MSC-exos in promoting tubular repair and the underlying mechanisms remain 
largely unknown. 
Methods: Transmission electron microscopy, nanoparticle tracking analysis, and western blotting were used to 
characterize the properties of human umbilical cord mesenchymal stem cells (hucMSCs) derived exosomes. The 
biodistribution of MSC-exos in murine ischemia/reperfusion (I/R) induced AKI was imaged by the IVIS spectrum 
imaging system. The therapeutic efficacy of MSC-exos was investigated in renal I/R injury. The cell cycle arrest, 
proliferation and apoptosis of tubular epithelial cells (TECs) were evaluated in vivo and in HK-2 cells. The 
exosomal miRNAs of MSC-exos were profiled by high-throughput miRNA sequencing. One of the most enriched 
miRNA in MSC-exos was knockdown by transfecting miRNA inhibitor to hucMSCs. Then we investigated 
whether this candidate miRNA was involved in MSC-exos-mediated tubular repair. 

Theranostics 
2021 Mar 11; 11(11): 5248-5266.
Impact Factor: 11.556

Materials and Methods
1. HucMSCs were transfected with miR-125b-5p inhibitor or negative control (NC)
inhibitor (GenePharma).
2. HK-2 cells were transfected with siICAM-1 and siVCAM-1 (GenePharma).
3. A plasmid containing P53 expression gene (pEX-P53) was constructed on a pEX-1
backbone (GenePharma).
4. Cy3-labeled probe sequences of miR-125b-5p were devised by Genepharma .
5. HK-2 cells were co-transfected with 3′UTR luciferase reporter constructs (3′UTR-NC, 3′
UTR- TP53, 3′UTR-TP53-mutant), miRNA (miRNA-NC or miR-125b-5p), and Renilla
luciferase using GP-transfect-Mate (GenePharma).

Theranostics 2021, Vol. 11, Issue 11 

Theranostics
2021; 11(11): 5248-5266. doi: 10.7150/thno.54550 

Research Paper 

Exosomal miR-125b-5p deriving from mesenchymal 
stem cells promotes tubular repair by suppression of 
p53 in ischemic acute kidney injury 
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HIF-1-induced mitochondrial ribosome protein L52: a 
mechanism for breast cancer cellular adaptation and 
metastatic initiation in response to hypoxia 
Xinyan Li1#, Mengshen Wang1#, Su Li2, Yuqiong Chen3, Mozhi Wang1, Zhonghua Wu4, Xiangyu Sun1, 
Litong Yao1, Haoran Dong1, Yongxi Song4, Yingying Xu1
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International Publisher

Abstract
Background: Hypoxia is a hallmark of the physical microenvironment of solid tumors. As a key factor that 
regulates tumor development and progression, hypoxia can reprogram the expression of multiple genes, whose 
biological function and molecular mechanism in cancer remain largely unclear. The mitochondrial ribosome 
protein family consists of nuclear-encoded mitochondrial proteins that are responsible for protein synthesis in the 
mitochondria. 
Methods: A high-throughput RNA sequencing assay was carried out to identify differentially expressed mRNAs 
between breast cancer tissues and adjacent normal tissues as well as breast tumors with metastasis and those 
without metastasis. Our clinical samples and TCGA database were analyzed to observe the clinical value of 
mitochondrial ribosome protein L52 (MRPL52) in human breast cancer. Potent hypoxia response elements in the 
promoter region of MRPL52 were identified and validated by chromatin immunoprecipitation and luciferase 
reporter assays. Functional experiments were performed using breast cancer cell lines with MRPL52 ectopic 
expression and knockdown cultured in a 20% or 1% O2 environment. 
Conclusions: This work elucidates the molecular mechanism by which MRPL52 mediates hypoxia-induced 
apoptotic resistance and metastatic initiation of breast cancer, and provides new insights into the interplay 
between cancer and the tumor microenvironment. 

Theranostics 
2021 May 16; 11(15): 7337-7359 
Impact Factor: 11.556

Materials and Methods
1. MDA-MB-231 and MCF-7 cells were seeded in six-well plates and transiently transfected
with small interfering RNAs (Si-RNAs) targeting MRPL52, HIF-1α, HIF-2α, Snail, PINK1,
Parkin or their negative control (Si-NC) plasmid and plasmids overexpressing MRPL52,
HIF-1α, Snail, N1ICD or empty control plasmids (empty vector; GenePharma, Shanghai,
China)
2. Lentiviruses were constructed by co-transfecting the 293T cell line with the packaging
plasmid Sh-MRPL52 (LV-Sh-MRPL52), MRPL52 (LV-MRPL52) or their negative control (LV-
Sh-NC and LV-Vector) (GenePharma, Shanghai, China)
3. For construction of the luciferase reporter vectors of MRPL52, wild-type (WT) and mutant
type (Mut) MRPL52 HREs were inserted into firefly luciferase reporter vectors
(GenePharma, Shanghai, China).
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Abstract
Background: Triple-negative breast cancer (TNBC) is the most aggressive subtype of breast cancer, with 
poor prognosis and limited treatment options. Hypoxia is a key hallmark of TNBC. Metabolic adaptation 
promotes progression of TNBC cells that are located within the hypoxic tumor regions. However, it is not well 
understood regarding the precise molecular mechanisms underlying the regulation of metabolic adaptions by 
hypoxia.
Methods: RNA sequencing was performed to analyze the gene expression profiles in MDA-MB-231 cell line 
(20%O2 and 1% O2). Expressions of Slc6a8, which encodes the creatine transporter protein, were detected 
in breast cancer cells and tissues by quantitative real-time PCR. Immunohistochemistry was performed to 
detect SLC6A8 protein abundances in tumor tissues. Clinicopathologic correlation and overall survival were 
evaluated by chi-square test and Kaplan-Meier analysis, respectively. Cell viability assay and flow cytometry 
analysis with Annexin V/PI double staining were performed to investigate the impact of SLC6A8-mediated 
uptake of creatine on viability of hypoxic TNBC cells. TNBC orthotopic mouse model was used to evaluate 
the effects of creatine in vivo.
Conclusions: Our study indicates that SLC6A8-mediated creatine accumulation plays an important role in 
promoting TNBC progression, and may provide a potential therapeutic strategy option for treatment of 
SLC6A8 high expressed TNBC.
Keywords: SLC6A8, Creatine, Triple-negative breast cancer, Survival, Hypoxia

RESEARCH Open Access

SLC6A8-mediated intracellular creatine
accumulation enhances hypoxic breast
cancer cell survival via ameliorating
oxidative stress
Qiao Li1†, Manran Liu1†, Yan Sun2, Ting Jin1, Pengpeng Zhu1, Xueying Wan1, Yixuan Hou3 and Gang Tu4*

         (2021) 40:168 Li et al. Journal of Experimental & Clinical Cancer Research
https://doi.org/10.1186/s13046-021-01933-7

Journal of Experimental & Clinical Cancer Research
2021 May 14 ; 40:168
Impact Factor: 11.161

Materials and Methods
Short hairpin RNA (shRNA) oligonucleotides targeting Slc6a8, p65/NF-κB, HIF1A and HIF2A, 
and control shRNA-NC were all purchased from GenePharma (Shanghai, China).
The promoter containing TP53/FOS/ETV4/p65/NF-κB-wild type binding sites (WT) or mutated 
binding sites (MUT) was cloned into pGL3 luciferase reporter vector to obtain the pGL3/Slc6a8 
WT reporter and pGL3/Slc6a8 MUT reporter (GenePharma, China). 
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Abstract
Background: Epithelial ovarian cancer (EOC) is one of the most lethal malignancies in 
women worldwide. Many studies showed the transcription factor SNAI2-induced Epithelial-
Mesenchymal Transition (EMT) through inhibiting E-cadherin (E-cad) expression. Our previous 
study reported that miR-222-3p was an important tumor-suppressive miRNA for EOC development 
and dissemination. The present study aimed to acquire a deeper mechanistic understanding of the role 
of miR-222-3p regulation that might contribute to improving current anti-metastasis strategies in EOC.
Methods: A variety of techniques were used to measure mRNA and protein expression levels, 
including quantitative real-time polymerase chain reaction (qRT-PCR), Western blot, 
immunohistochemical (IHC) staining, and immunofluorescence (IF). Four different microRNA (miRNA) 
target prediction databases were used to predict the target genes of miR-222. Luciferase assay was 
performed to determine the direct binding of miR-222-3p to the untranslated region (3'-UTR) of 
PDCD10. The biological effects of PDCD10 and miR-222-3p were also investigated in vitro by 
Transwell and wound healing assays, as well as in vivo by a xenograft mice model. Combining 
UCSC and JASPAR, as well as ENCODE public databases, we predicted that the transcription factor 
SNAI2 could affect miR-222-3p expression. Luciferase assay was utilized to examine the validity of 
putative SNAI2 binding sites for miR-222-3p regulation. Chromatin immunoprecipitation (ChIP) was 
used to explore the SNAI2's occupancy on the miR-222-3p promoter.

Theranostice
2020 Apr 27 ; 10(13): 5895–5913
Impact Factor: 8.579

Materials and Methods
To construct the dual-luciferase reporter 
plasmid, PDCD10 luciferase vectors used 
in this study were cloned into psiTM-
Check2-control vector (GenePharma, 
Shanghai, China) to create a wild-type 
(WT) psiTM-Check2-PDCD10-3'-UTR, which 
contained the predicted binding site of 
miR-222-3p on PDCD10's 3'-UTR 
(positions 162-168: AUGUAGC).
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A R T I C L E O p e n A c c e s s

CCL18-induced LINC00319 promotes proliferation
and metastasis in oral squamous cell carcinoma via
the miR-199a-5p/FZD4 axis
Xiao Jiang 1, Jingpeng Liu1, Simin Li 1, Bo Jia1, Zhijie Huang1, Jun Shen1, Haiyun Luo1 and Jianjiang Zhao 1

Abstract
Long non-coding RNAs (lncRNAs), which may be modulated by chemokines, are key regulators in many 
cancers including oral squamous cell carcinoma (OSCC). An understanding of lncRNAs involved in 
chemokine (CC motif) ligand 18 (CCL18)-induced OSCC promotion remains elusive. The present study 
using lncRNA sequencing found LINC00319 to be significantly upregulated in OSCC cells subjected to 
rCCL18 stimulation. Furthermore, LINC00319 knockdown was found to attenuate the carcinogenic 
function of CCL18 in OSCC, reducing OSCC proliferation, metastasis, epithelial-mesenchymal transition 
(EMT), and angiogenesis. LINC00319 was demonstrated to act as a ceRNA in OSCC, which directly 
responded to miR-199a-5p and rescued the repression of FZD4 by miR-199a-5p. Functionally, in vitro and 
in vivo experiments showed that LINC00319 promoted OSCC growth and metastasis via downregulating 
miR-199a-5p and upregulating FZD4. In vitro rescue assays demonstrated that miR-199a-5p inhibitor or 
FZD4 overexpression reversed the effects of LINC00319 silencing in OSCC. Importantly, the expression 
of miR-199a-5p and FZD4 were found to be mediated by CCL18, and miR-199a-5p mimics inhibited the 
CCL18-promoting effects in oral cancer cells. Taken together, these results evidenced a mechanism of 
CCL18 action in OSCC mediated through the LINC00319/miR-199a-5p/FZD4 signaling pathway, which 
may comprise a potential target for OSCC therapeutic development.

Cell Death & Disease 
2020 Sep 18 ; 11: 777 
Impact Factor: 6.304

Materials and Methods
Wild-type (WT) LINC00319, Mutant-type 
(MUT) LINC00319, WT-3′-UTR-FZD4 
and MUT-3′-UTR-FZD4 were cloned into 
PmirGLO vector (GenePharma, China) 
to generate luciferase receptor plasmids 
(GenePharma, China).

155



Mei et al. Cell Death and Disease          (2020) 11:270 

https://doi.org/10.1038/s41419-020-2487-z Cell Death & Disease

A R T I C L E O p e n A c c e s s

RNA methyltransferase NSUN2 promotes gastric
cancer cell proliferation by repressing p57Kip2

by an m5C-dependent manner
Lin Mei1, Cheng Shen1, Ran Miao2, Jing-Zi Wang3, Mend-Da Cao3, Yi-Sheng Zhang1, Liang-Hui Shi1, Guo-Hai Zhao1,
Ming-Hai Wang1, Li-Sheng Wu 2 and Ji-Fu Wei3

Abstract
The RNA methyltransferase NSUN2 has been involved in the cell proliferation and senescence, and is 
upregulated in various types of cancers. However, the role and potential mechanism of NSUN2 in gastric 
cancer remains to be determined. Our study showed that NSUN2 was significantly upregulated in gastric 
cancers, compared to adjacent normal gastric tissues. Moreover, NSUN2 could promote gastric cancer cell 
proliferation both in vitro and in vivo. Further study demonstrated that CDKN1C (p57Kip2) was the potential
downstream gene of regulated by NSUN2 in gastric cancer. NSUN2 could promote gastric cancer cell 
proliferation through repressing p57Kip2 in an m5C-dependent manner. Our findings suggested that
NSUN2 acted as an oncogene through promoting gastric cancer development by repressing p57Kip2 in an
m5C-dependent manner, which may provide a novel therapeutic target against gastric cancer.

Cell Death & Disease
2020 Sep 18 ; 11: 777
Impact Factor: 6.304

Materials and Methods
Wild-type and mutant 3′-UTR of 
p57Kip2 reporter plasmid were 
constructed from GenePharma.
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Original Article
MYCN-mediated regulation of the HES1 promoter  enhances 
the chemoresistance of small-cell lung cancer by modulating 
apoptosis 

Abstract: MYCN, a member of the MYC family, is correlated with tumorigenesis, metastasis and therapy 
in many malig nancies; however, its role in small-cell lung cancer (SCLC) remains unclear. In this study, we 
sought to identify the function of MYCN in SCLC chemoresistance and found that MYCN is 
overexpressed in chemoresistant SCLC cells. We used MYCN gain- and loss-of- function experiments to 
demonstrate that MYCN promotes in vitro and in vivo chemoresistance in SCLC by inhibiting apoptosis. 
Mechanistic investigations showed that MYCN binds to the HES1 promoter and exhibits 
transcriptional activity. Furthermore, MYCN mediated SCLC chemoresistance through HES1. 
Accordingly, the NOTCH inhibitor FLI-60 derepressed HES1 and diminished MYCN-induced 
chemoresistance in SCLC. Finally, the positive correlation between HES1 and MYCN was confirmed in 
SCLC patients. Chemoresistant SCLC patients had higher expression levels of MYCN and HES1 
than patients without chemoresistant SCLC. MYCN overexpression was related to advanced 
clinical stage and shorter survival in SCLC. In conclusion, our study re-vealed that MYCN and 
HES1 may be potential therapeutic targets and promising predictors for SCLC.

American Journal of Cancer Research
2019 Sep 15 ; 9(9):1938-1956
Impact Factor: 5.177

Materials and Methods

The pGL3-basic vector (Promega) and 
pRL-TK vector (GenePharma) were 
purchased. The pGL3-basic-promoter 
(pGL3-HES1-P1) and negative control 
(pGL3-NC) plasmids were constructed by 
inserting the HES1 promoter region or 
negative control region into the pGL3-
basic plasmid; the plasmids were 
constructed by GenePharma (Shanghai, 
China).
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PNAS
2020 Apr 14; 8486–8493
Impact Factor: 9.412

Materials and Methods
The original EpCAM aptamer 
EP23 and the mutant aptamers 
A5U and G15U were synthesized by 
Suzhou Genepharma (Suzhou, China), 
followed by HPLC purification. 

Aptamer

In silico design and validation of high-affinity RNA
aptamers targeting epithelial cellular adhesion
molecule dimers
David R. Bella,b,1, Jeffrey K. Weberb,1, Wang Yinc,1, Tien Huynhb, Wei Duanc,2, and Ruhong Zhoua,b,d,2



Nucleic acid aptamers hold great promise for therapeutic applica-tions due to their favorable intrinsic 
properties, as well as high-throughput experimental selection techniques. Despite the utility of the 
systematic evolution of ligands by the exponential enrich-ment (SELEX) method for aptamer 
determination, complementary in silico aptamer design is highly sought after to facilitate virtual 
screening and increased understanding of important nucleic acid–protein interactions. Here, with a 
combined experimental and the-oretical approach, we have developed two optimal epithelial cellular adhesion 
molecule (EpCAM) aptamers. Our structure-based in silico method first predicts their binding modes and then 
optimizes them for EpCAM with molecular dynamics simulations, docking, and free energy calculations. Our 
isothermal titration calorimetry experiments further confirm that the EpCAM aptamers indeed exhibit enhanced 
affinity over a previously patented nanomolar aptamer, EP23. More-over, our study suggests that EP23 and 
the de novo designed aptamers primarily bind to EpCAM dimers (and not monomers, as hypothesized in 
previous published works), suggesting a paradigm for developing EpCAM-targeted therapies.
RNA aptamer | rational design | molecular dynamics | isothermal titration calorimetry | epithelial cellular adhesion 
molecule
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Characterization of aptamer-mediated gene delivery system for 
liver cancer therapy

Zhongbing Liu1,*, Xiaoduan Sun1,*, Shuangli Xiao1,2,*, Yan Lin1, Chunhong Li1, Na 
Hao1, Meiling Zhou1,2, Ruolan Deng1, Siyun Ke3 and Zhirong Zhong1

Research Paper

ABSTRACT
Liver cancer is a fatal disease with limited therapy options. The recombinant adenovirus expressing tumor-
suppressor gene of PTEN (Ad5-PTEN) showed effective antitumor activity against liver cancer. However, its 
disadvantages produced great limitation on its application, especially its nonspecific and toxicity to normal cells 
and tissues. The epithelial cell adhesion molecule (EpCAM) is over-expressed in some liver cancer cells and an 
RNA aptamer EpDT3 could specially target to EpCAM-positive cells. Based on this founding, we aimed to 
design a kind of gene delivery system of EpDT3-mediated Ad5-PTEN (EpDT3-PEG-Ad5-PTEN, EPAP) in which 
polyethylene glycol was used to be a linker to conjugate EpDT3 with Ad5-PTEN. This strategy may overcome 
the disadvantages of naked Ad5-PTEN and enhance the antitumor effect on liver cancer. The 
SDS-PAGE electrophoresis, TBE-PAGE electrophoresis and fluorescence detection were conducted to 
confirm the successful preparation of EPAP. Compared with the naked Ad5-PTEN, EPAP showed 
significant anti-proliferative and anti-migratory activities against HepG2 cells. EPAP also showed selective 
and precise target ability to EpCAM-positive HepG2 cells in vivo. Therefore, EPAP may be further explored 
as a novel effective anticancer drug for malignant liver cancer.

Oncotarget
2017 Dec 21; 6830-6840 
Impact Factor: 5.168

Materials 
The FAM-labeled aptamer 
EpDT3 was got from 
Shanghai GenePharma Bio-
technology Company 
(Shanghai, China).
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For reprint orders, please contact: reprints@futuremedicine.com

PLGA nanoparticles with CD133 aptamers for
targeted delivery and sustained release of
propranolol to hemangioma
Xiaonan Guo1, Xiaoshuang Zhu2, Jie Gao3, Dakan Liu2, Changxian Dong**,2 & Xing Jin*,1

Aim: To develop propranolol-loaded poly(lactic-co-glycolic acid) nanoparticle with CD133 aptamers (PPN-
CD133) to treat infantile hemangioma. 
Materials & methods: The antihemangioma activity and mecha-nism of PPN-CD133 were evaluated. 
Results & conclusion: PPN-CD133 are of desired size (143.7 nm), drug encapsulation efficiency (51.8%) and 
sustained drug release for 8 days. PPN-CD133 could effectively bind to CD133+ hemangioma stem cells,
resulting in enhanced cytotoxic effect and reduced expression of an-giogenesis factors in hemangioma stem 
cells. The therapeutic effect of PPN-CD133 in hemangioma was superior to that of untargeted PPN and 
propranolol in vivo, as reflected by reduced hemangioma volume, weight and microvessel density. PPN-
CD133 represents a very promising approach to locally and efficiently deliver propranolol leading to significant 
inhibition of infantile hemangioma.

First draft submitted: 9 April 2017; Accepted for publication: 10 August 2017; Published online: 29 Septem-
ber 2017
Keywords: aptamer , biomaterials , cell biology , controlled release , nanoparticles , emove

Nanomedicine 
2017 Sep 29; 1743-5889 
Impact Factor: 4.727

Materials and Methods
A15 aptamers (sequence: 5’-NH2-
CCCUCCUACAUAGGG-3’) were 
synthesized by GenePharma Co., 
Ltd (Shanghai, PR China).

PPN-CD133 PPN
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Poly(lactic-co-glycolic acid) nanoparticles 
conjugated with cD133 aptamers for targeted 
salinomycin delivery to cD133+ osteosarcoma 
cancer stem cells
Background: Cancer stem cells (CSCs) possess the characteristics associated with normal stem cells and are 
responsible for cancer initiation, recurrence, and metastasis. CD133 is regarded as a CSCs marker of 
osteosarcoma, which is the most common primary bone malignancy in childhood and adolescence. Salinomycin, 
a polyether ionophore antibiotic, has been shown to kill various CSCs, including osteosarcoma CSCs. However, 
salinomycin displayed poor aqueous solubility that hinders its clinical application. The objective of this study was 
to develop salinomycin-loaded nanoparticles to eliminateCD133+ osteosarcoma CSCs.
Methods: The salinomycin-loaded PEGylated poly(lactic-co-glycolic acid) nanoparticles (SAL-NP) conjugated 
with CD133 aptamers (Ap-SAL-NP) were developed by an emulsion/solvent evaporation method, and the 
targeting and cytotoxicity of Ap-SAL-NP to CD133+ osteosarcoma CSCs were evaluated.
Results: The nanoparticles are of desired particle size (~150 nm), drug encapsulation efficiency (~50%), and 
drug release profile. After 48 hours treatment of the Saos-2 CD133+ osteosarcoma cells with drugs formulated in 
Ap-SAL-NP, SAL-NP, and salinomycin, the concentrations needed to kill 50% of the incubated cells were found 
to be 2.18, 10.72, and 5.07 µg/mL, respec-tively, suggesting that Ap-SAL-NP could be 4.92 or 2.33 fold more 
effective than SAL-NP or salinomycin, respectively. In contrast, Ap-SAL-NP was as effective as SAL-NP, and 
less effective than salinomycin in Saos-2 CD133- cells, suggesting that Ap-SAL-NP possess specific cytotoxicity 
toward Saos-2 CD133+ cells. Ap-SAL-NP showed the best therapeutic effect in Saos-2 osteosarcoma xenograft 
mice, compared with SAL-NP or salinomycin. Significantly, Ap-SAL-NP could selectively kill CD133+ 
osteosarcoma CSCs both in vitro and in vivo, as reflected by the tumorsphere formation and proportion of 
Saos-2 CD133+ cells. Conclusion: Our results suggest that CD133 is a potential target for drug delivery to osteo-
sarcoma CSCs and that it is possible to significantly inhibit the osteosarcoma growth by killing CD133+ 
osteosarcoma CSCs. We demonstrated that Ap-SAL-NP have the potential to target and kill CD133+ 
osteosarcoma CSCs.
Keywords: targeted therapy, ligand-conjugated nanomedicines, cancer initiating cells

International Journal of Nanomedicine 
2015 Mar 31; 10 2537–2554
Impact Factor: 4.383

Materials and Methods
A15 aptamers (sequence: 5′-NH2 
CCCUCCUACAUAGGG-3′) were synthesized 
by GenePharma Co., Ltd (Shanghai, People’s 
Republic of China).
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