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 miRNA-96 is a short non-coding RNA molecule which plays an 
essential function in the regulation of post-transcriptional 
gene, and play a role in the development of a number of 
illnesses, such as cancer, depending on the cellular setting, it 
may function as a tumor suppressor or an oncogene. 
According to a recent research, miRNA-96 levels has been 
decreased in gastric cancer, breast cancer, pancreatic cancer, 
renal cancer and cervical cancer. However, the levels of 
miRNA-96 in several kinds of cancers are increased, including 
colorectal, lung, prostate, glioma, osteosarcoma, and 
hepatocellular carcinoma. The current review aims to offer a 
summary of miRNA-96's role in the advancement of cancer 
illnesses and with an emphasis on dysregulated signaling 
pathways. Based on in vivo, in vitro, and human research, we 
also go over the function of this miRNA-96 as a cancer 
biomarker of prognosis and emphasize how it contributes to 
drug resistance. 
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1. Introduction  
Short non-coding RNA molecules known as microRNAs (miRNAs) via influencing the 
stability and translation of produced mRNAs, play crucial roles in the regulation of 
gene expression post-transcriptionally (Hussen et al., 2023). They are generally 18–
25 nucleotides in length (Kanwal, Al Samarrai, Al-Zaidi, Mirzaei, & Heidari, 2023). RNA 
polymerase II produces pri-miRNAs that are polyadenylated and cap-coated (Hussen 
et al., 2023). Specific genes in the genome, called miRNA genes, are used to produce 
miRNAs (Samad & Kamaroddin, 2023). These genes may be found in the genome's 
coding or non-coding sections (Gullotta, Korte, & Marquardt, 2023).  MicroRNA-96 
(miRNA-96) has attracted the most attention among miRNAs because of its role in a 
number of clinical processes and its influence on how drugs respond (Radhi, Matti, & 
Hamzah, 2023; Taheri et al., 2022). Numerous human ailments, including cancer, 
neurological issues, and cardiovascular conditions have been linked to miRNA-96 
(Suzuki, 2023). MiRNA-96 in cancer play as an oncogenic miRNA, increasing invasion, 
metastasis, and tumor growth ( Zhang et al., 2015). Its dysregulation is connected to 
medication resistance and is associated with poor prognoses, making it a viable 
therapeutic target (Elrebehy et al., 2022). 
The aim of this review is to provide a comprehensive overview of the recently 
acquired knowledge on the function of miRNA-96 in human diseases and treatment 
resistance in this review. It will discuss the unique functions of miRNA-96 in various 
diseases, its regulatory mechanisms, and how it affects the effectiveness of 
treatments. Additionally, it will look into the potential of miRNA-96 as a diagnostic 
biomarker and potential therapeutic target. 

1.1 Search methodology: 
Searched PubMed, one of the best-known libraries of scientific literature, using the 
primary keywords (Cancer, MicroRNA-96, Biomarker, Drug resistance). Review 
research on miRNA-96 in relation to drug resistance and tumor illnesses included the 
actual samples in line with its specifications. 
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2. Biogenesis of miRNA  
Mature miRNA molecules are produced as a result of a series of stages in the 
biogenesis of miRNAs (Mencia, Gonzalo, Tossolini, & Manavella, 2023). RNA pol II or 
III transcribes the genes of miRNA to create primary microRNA transcripts (pri-
miRNAs) (Cambiagno et al., 2021). These pri-miRNAs can be found in non-coding 
areas of the genome, introns of protein-coding genes, or even within their own 
specific miRNA genes ( Park et al., 2022). As shown in (figure1), the pri-miRNA 
transcripts are first translated into hairpin-shaped precursor miRNAs (pre-miRNAs) in 
the nucleus by a protein called Drosha and its cofactor DGCR8 (DiGeorge syndrome 
critical region 8) (Mirzaei, Rahimian, Mirzaei, Nahand, & Hamblin, 2022). Drosha 
recognizes and cleaves the pri-miRNA near its base to release the pre-miRNA stem-
loop structure (Hussen et al., 2021; Jones, Walbrun, Falleroni, Rief, & Sattler, 2022). 
The protein Exportin-5 (XPO5) transports pre-miRNAs to the cytoplasm from the 
nucleus. XPO5 enhances pre-miRNA trafficking via the nuclear pore complex by 
identifying its structure (Campos-Melo, Hawley, McLellan, & Strong, 2022). The 
exported pre-miRNA is identified in the cytoplasm by the RNase III enzyme known as 
Dicer, which then cleaves it close to the base of the hairpin structure (Rani & Sengar, 
2022). A short RNA duplex made composed of the mature miRNA sequence and its 
complementary strand, also called the miRNA or passenger strand, is released as a 
result of this breakage (Letafati et al., 2022). The RNA-induced silencing complex 
(RISC), which is made up of Argonaute proteins, is subsequently loaded with the RNA 
duplex (Bhagtaney & Sundarrajan, 2023). The guide strand of the duplex is chosen to 
be the mature miRNA within the RISC, while the passenger strand is normally 
destroyed (Ergin & Çetinkaya, 2022). The complex is directed to target messenger 
RNA (mRNA) molecules by the mature miRNA, which is linked to the RISC. Through 
complementary base pairing, the miRNA predominantly binds to the target mRNA's 
3' untranslated region (UTR) (Han & Mendell, 2022). The outcome of this interaction 
could be translational suppression, mRNA destruction, or both, depending on how 
complementary the miRNA and its target are to one another. However, Numerous 
miRNAs have been discovered in various species, and continuing research is still 
revealing more about their precise roles and modes of activity. 



 

QALAAI ZANISTSCIENTIFIC JOURNAL 
A Scientific Quarterly Refereed Journal Issued by Lebanese French University – Erbil,   Kurdistan, Iraq 

Vol. (8), No (4), Autumn 2023 
ISSN 2518-6566 (Online) - ISSN 2518-6558 (Print) 

 

1370 

 
Figure (1): The illustration shows the mechanism of miRNA biogenesis. 

3. Malignant conditions  
Cancer affects several miRNAs, and according to the situation, they may act as 
oncogenes or tumor suppressors (Ghafouri-Fard et al., 2021; Hussen, Salihi, et al., 
2022). Previous researches have highlighted the miRNA-96 function in the 
progression of cancer in cancer cell lines, cancer-causing animal models, and cancer 
clinical samples. In the sections that follow, it will describe the miRNA-96's role in the 
development of cancer using these three datasets. 

3.1 Cancer and miRNA-96 expression 
In some tumor cell lines, the level of miRNA-96 is frequently increased, while in some 
tumor cell lines, it can also be decreasing the level (Table 1). For instance, in lung 
cancer, Chu et al. revealed that LIM-domain binding protein 2 was downregulated by 
miRNA-96-5p, which prevented lung cancer H1299 cells from proliferating, 
invasiveness, and metastasizing (Chu et al., 2023). Similarly, Zhang et al. Findings 
show that miR-96 is more expressed in breast cancer tissues and cell lines and can 
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directly influence the expression of RECK to increase cellular proliferation, migration, 
and invasion, suggesting that miR-96 may be a potential drug target for breast cancer 
( Zhang et al., 2014). Likewise, in colorectal cancer, microRNA-96 targets the tumor 
proteins fork head box protein O1 (FOXO1) and FOXO3a, that stimulates the growth 
of cancer cells ( Gao & Wang, 2015). Furthermore, one cause of the redaction 
resistance of rectal cancer cells may be decreased level of expression of the GPC3 
gene, which is directly regulated by miRNA-96-5p (Wu et al., 2021). This impact may 
be connected to alterations in the activity of the Wnt/-catenin signal transduction 
pathway. In addition, in gastric adenocarcinoma, Zhou et al. suggested that 
downregulated miR-96-5p may increase ZDHHC5 expression in MGC-803 cells, which 
in turn may cause cell death (Zhou, Wu, & Bi, 2019). It's crucial to remember that 
miRNA-96 dysregulation can change between different cancers and patient clinical 
samples. To fully comprehend the mechanics and clinical ramifications of miRNA-96 
dysregulation in cancer, more investigation is required. 
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Table (1): miRNA-96 dysregulation in different cancers. 

Cancer type Micro-RNAs 

Compared to 
normal cell lines, 
levels in cancer 

cell lines 

Interactions 
Downstream 

target of 
micro-RNA 

Effect of up-
regulation of 
miRNA-96 on 

its target 

Cell lines 

Associated 
manifestations 

of miRNA-96 
dysregulation 

Ref. 

Lung Cancer 

miRNA-96-5p Upregulated 

LDB2, 
ERK1/2 

signaling 
pathway 

LDB2 Inhibition 

A549, 
SPAC1, 
H1650, 
H1299, 
H1975, 

BEAS-2B 

↑ miRNA-96, ↓ 
LDB2: ↑ 

proliferation, 
invasion, and 

metastasis 

(Chu 
et al., 
2023) 

miRNA‑96 Upregulated SAMD9 SAMD9 Inhibition H23, H358 

↑ miRNA-96, ↓ 
SAMD9: ↑ 

cisplatin 
chemoresistance 

(Wu 
et al., 
2016) 

Breast Cancer 

miRNA-96-5p Upregulated FOXO3 FOXO3 Inhibition 
MCF-7, 
T47D 

↑ miRNA-96-5p, 
↓ FOXO3: ↑ 

cell proliferation 

(Yin 
et al., 
2020) 

miRNA-96-5p Upregulated FOXO1 FOXO1 Inhibition 

MCF-7, BT-
549, MDA-
MB-231, 
HS 578T, 

T47D, 
MCF-10A, 
ZR-75-1 

↑ miRNA-96-5p, 
↓ FOXO1: ↑ 
proliferation, 
migration and 

invasion, ↓ 
autophagy, and 

induce apoptosis 

(Shi 
et al., 
2017) 
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miRNA-96 Upregulated MTSS1 MTSS1 Inhibition 
MDA-MB-
231, MCF-

7 

↑ miR-96, ↓ 
MTSS1: ↑ 
metastasis 

(Xie, 
Sun, 

Chen, 
& 

Cao, 
2018) 

miRNA-96 Upregulated RECK RECK Inhibition 

MDA-MB-
231, MCF-
10A, MCF-
7, MDA-
MB-435, 

MDA-MB-
468, T-

74D, MDA-
MB-453 

↑ miRNA-96, ↓ 
RECK: ↑ 

proliferation and 
invasion 

(Zhan
g et 
al., 

2014) 

miRNA-96 Upregulated PTPN9 PTPN9 Inhibition 
MDA-MB-
468, 293 T, 

MCF-7 

↑ miRNA-96, ↓ 
PTPN9: ↑ 

proliferation, 
metastasis 

(Hong 
et al., 
2016a

) 

Colorectal 
Cancer 

miRNA-96 Upregulated 
TP53INP1, 

FOXO1, 
FOXO3a 

TP53INP1, 
FOXO1, 
FOXO3a 

Inhibition 
SW480, 
SW620 

↑ miRNA-96, ↓ 
TP53INP1, 

FOXO1, FOXO3a: 
↑ proliferaƟon 

(Gao 
& 

Wang
, 

2015) 
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miRNA-96 Upregulated 
XIAP, p53 
, UBE2N 

XIAP, p53 
, UBE2N 

Inhibition 
HT-29, 
DLD-1, 

HCT-116 

↑ miRNA-96, ↓ 
XIAP, p53 
, UBE2N: 

↑apoptosis, ↓ 
growth 

(Kim, 
Kim, 

Yoon, 
Lee, 

& 
Kuh, 

2015) 

Rectal cancer miRNA-96-5p Upregulated 

GPC3, 
Wnt/β-
catenin 

pathway 

GPC3 Inhibition 

HRC-99, 
RCM-1, 

HR-8348, 
SW837, 
SW1463 

↑ miRNA-96-5p, 
↓ FOXO1, 
↑Wnt/β-

Catenin: ↑ 
Irradiation 
Resistance 

 

(Wu 
et al., 
2021) 

Hepatocellula
r carcinoma 

miRNA-96 Upregulated GPM6A GPM6A Inhibition Huh-7 
↑ miRNA-96, ↓ 
GPM6A: ↑ HCC 

progression 

(Li et 
al., 

2022) 

Gastric 
Cancer 

miRNA-96-5p Downregulated ZDHHC5 ZDHHC5 Inhibition MGC-803 
↓ miRNA-96-5p, 

↑ ZDHHC5: ↑ 
apoptosis 

(Zhou 
et al., 
2019) 

Pancreatic 
Cancer 

miRNA-96 Downregulated 
KRAS/Akt 
signaling 
pathway 

KRAS Inhibition 

MIA PaCa-
2, PANC-1, 

BxPC-3, 
HeLa 

↑ miRNA-96, ↓ 
KRAS: ↓ tumor 
development, 

cell invasion and 
migration 

(Yu et 
al., 

2010) 
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Bladder 
carcinomas 

hsa-miRNA-96 Upregulated 
IRS1, 

MAP4K1 
IRS1, MAP4K1 Inhibition T24, 5637 

↑ miRNA-96, ↓ 
IRS1, MAP4K1: 

(Yi 
Wang 
et al., 
2012) 

Cervical 
Cancer 

miRNA-96 Upregulated FOXO1 FOXO1 Inhibition 

C41, C33A, 
HeLa, 
CaSki, 

MS751, 
SiHa, HT-3 

↑ miRNA-96, ↓ 
FOXO1: ↑ cell 
proliferation 

(Yang 
et al., 
2020) 

miRNA-96 Upregulated PTPN9 PTPN9 Inhibition HeLa 

↑ miRNA-96, ↓ 
PTPN9:  ↑ 

cellular 
proliferation and 

tumorigenicity 

(Ma, 
Shi, 

Peng, 
Qin, 

& 
Hui, 

2018) 

miRNA-96-5p Upregulated SFRP4 SFRP4 Inhibition 

HaCaT, 
Hela, SiHa, 

Me180, 
Ms751 

↑ miRNA-96, ↓ 
SFRP4:  ↑ cell 

viability, 
migration, and 

invasion 

(Zhan
g, 

Chen, 
& 

Shao, 
2020) 

Prostate 
Cancer 

miRNA-96 Upregulated 
EGFR 

Signaling, 
ETV 

ETV Inhibition PC3, RasB1 

↑ miRNA-96, ↑ 
EGFR 

Signaling, ↓ 
ETV: ↓ tumor 

progression 

(Tsai 
et al., 
2017) 



 

QALAAI ZANISTSCIENTIFIC JOURNAL 
A Scientific Quarterly Refereed Journal Issued by Lebanese French University – Erbil,   Kurdistan, Iraq 

Vol. (8), No (4), Autumn 2023 
ISSN 2518-6566 (Online) - ISSN 2518-6558 (Print) 

 

1376 

Ovarian 
cancer 

miRNA-96 Upregulated FOXO3a FOXO3a Inhibition 

SKOV3, 
CAOV3, 
PEO1, 
A2780, 
3AO, 

OVCAR3, 
HOSEPiCs 

↑ miRNA-96, ↓ 
FOXO3a: ↑ OC 

progression 

(Yang, 
Zhang
, & Bi, 
2020) 

Glioma miRNA-96  
MEG3, 
MTSS1 

MEG3 Inhibition 
GSC11, 
M059J, 

D54 

↓MEG3, 
↑miRNA-96, ↓ 

MTSS1: ↑ 
proliferation, 
migration and 

invasion 

(Zhan
g & 

Guo, 
2019) 

Osteosarcom
a miRNA-96 Downregulated EZRIN EZRIN Inhibition MG-63 

↑miRNA-96, ↓ 
EZRIN: ↓ 

proliferation, 
metastasis, 

tumor formation 
ability, 

↑apoptosis 

(Yao, 
Pei, 

Zhang
, & 
Xie, 

2018) 

Papillary   
thyroid 

carcinoma 
mRNA-96 Upregulated 

AKT/FOXO1/
Bim 

pathway 
FOXO1 Inhibition TPC1, K1 

↑ miRNA-96-5p, 
↑AKT/FOXO1/Bi

m pathway ↓ 
FOXF2: ↑ 

proliferation, ↓ 
apoptosis 

(Song 
et al., 
2015) 
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OSCC miRNA-96-5p Upregulated FOXF2 FOXF2 Inhibition 

SCC1, 
NHOK, 

SCC4, HSC-
2, 

Tca8113, 
Cal-27 

↑ miRNA-96-5p, 
↓ FOXF2: ↑ 

(Wan
g, 

Ma, 
Li, & 

Wang
, 

2020) 

Osteosarcom
a 

miRNA-96-5p 
Downregulated by 
(LncRNA NDRG1) 

PI3K/AKT 
pathway 

- - 

MG63, 
U2OS, 

HOS, 143B, 
hFOB 1.19 

↑ LncRNA 
NDRG1, ↓ miR-

96-5p, ↑ 
PI3K/AKT: 

osteosarcoma 
progression 

(Wan
g et 
al., 

2022) 
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3.2 Animal studies 
miRNA-96 induces development and survival of tumor cells, according to extensive in 
vivo and in vitro experiments as shown in (Table 2). For example, Pillar et al. proved 
which miR-96 directly controls LCP1, which is crucial for regulating breast cancer cell 
motility (Pillar, Polsky, & Shomron, 2019). They showed that, in comparison to ABCE1 
or LCP1 alone, downregulating LCP1 and ABCE1 combined further lowers cell motility 
and proliferation in vitro and general survival in vivo (Pillar et al., 2019). Similarly, 
AIMP3 a new tumor suppressor, drastically reduced NSCLC cell growth and metastasis 
in both vitro and vivo in a p53-dependent manner (Ding et al., 2021). Ding et al. 
discovered that miR-96-5p, which was decreased the level in both clinical tumor 
tissues and cancer cell lines, had AIMP3 as a direct target (Ding et al., 2021). They 
showed that the miR-96-5p-AIMP3-p53 axis was crucial in NSCLC, and their findings 
should suggest a new target and approach for clinical NSCLC treatment. In addition, 
in untreated BGC-823 cells, the miR-96-5p was considerably increased, while in cells 
that had received SAN, it was significantly downregulated (Dong et al., 2019b). In 
xenotransplanted tumors treated with SAN, pMEK4 and pINK1 proteins in the 
MAPK/JNK signaling pathway were likewise increased, as well as the target gene 
MAP4K4's mRNA and protein expression (Dong et al., 2019b). These suggest that SAN 
might prevent BGC-823 cells from proliferating by suppressing the production of miR-
96-5p, which would then activate the MAPK/JNK signaling pathway. 

Table (2): The role of miRNA-96 in cancer considering research in animal models. 

Tumor 

type 
miRNAs 

Animal 

model 

Modification 

techniques and 

engrafted cells 

Associated phenotypes 

with dysregulation of 

miRNA-96 

Ref. 

NSCLC miRNA-96 BALB/c mice 

Tail vein injection of 

104 4T1 cells co-

transfected with hsa-

miR-96 and LCP1 WT 

lymph node micro-

metastases and tumor 

severity 

(Pillar et al., 

2019) 
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miRNA-

96-5p 

BALB/c-

nu/nu nude 

mice 

Subcutaneous 

injection of A549 

cells with transfected 

AIMP3 

- 
(Ding et al., 

2021) 

Gastric 

cancer 

miRNA-

96-5p 

BALB/c-nude 

mice 

Subcutaneous 

injection of 6 

BGC-823 cells with 

transfected SAN 

- 
(Dong et al., 

2019a) 

Non-

alcoholic 

fatty liver 

disease 

miRNA-

96-5p 

 

SD rats 

Tail vein injection of 

BM-MSCs cells 

transfected with 

PKH26 

↑ miR-96-5p, 

↓caspase-2: ↑ NASH 

development 

(El-Derany & 

AbdelHamid, 

2021) 

3.3 Studies in clinical samples 
The dysregulation of miRNA-96 has been observed in a variety of clinical specimens, 
indicating that it may have an impact on a number of diseases. For instance, in HCC, 
Gharib et al. highlighted the ability relevance of serum miRNA-96 as diagnostic HCC 
biomarkers by showing a strong correlation between high serum levels of miRNA-96-
5p and significant tumor growth and metastasis (Gharib et al., 2022a). Likewise, He et 
al. findings showed that miR-96-5p was overexpressed in both stomach cancer cell 
lines and patient plasma samples. Additionally, tissue samples from individuals with 
stomach cancer had lower FOXO3 protein levels (X. He & Zou, 2020). Additionally, 
miR-96-5p promoted the growth of stomach cancer cells by specifically targeting 
FOXO3 (X. He & Zou, 2020). As a result, they draw the conclusion that miRNA-96-5p 
may accelerate the development of stomach cancer by specifically targeting FOXO3 
mRNA and suppressing the expression of FOXO3 protein, which adds fresh 
information about the disease's molecular basis. Furthermore, in comparison to CIN 
tissues and normal cervical tissues, cervical cancer tissues had a greater expression 
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level of miRNA-96 (Gong, 2018). The expression level of miRNA-96 in cervical cancer 
tissues was importantly associated with histological grade, FIGO stage, and lymph 
node metastasis (Gong, 2018).  

Table (3): Dysregulation of miR-96 in clinical specimens. 

Tumor/ 
disorder 

type 
Samples 

miRNA type 
and 

expression 

(Tumor vs. 
Normal) 

Targets/ 
signaling 
pathways 

Kaplan-Meier 
and Cox 

regression 
analyses 

(Impact of 
miRNA-93 

dysregulation) 

Association of 
miRNA-96 

expression with 
clinicopathologi
c characteristics 

Ref. 

HCC 

55 HCC patients 
+ 55 liver 

cirrhotic patients 
+ 55 control 

miRNA-96-5p 
(Upregulated) 

 - - 
(Gharib 
et al., 

2022b) 

14 pairs of HCC 
tissue 

miRNA-96 
(Upregulated) 

GPM6A 
Upregulation is 
associated with 
poor prognosis 

- 
(Li et 
al., 

2022) 

GC 

70 GC patients + 
70 healthy 

controls 

miRNA-96-5p 
(Upregulated) 

FOXO3 - - 
(He & 
Zou, 

2020) 

410 GAC samples 
+ 42 healthy 

controls 

miRNA-96-5p 
(Upregulated) 

ZDHHC5 - - 

(Wang, 
Liu, & 
Meng, 
2020) 

53 GC samples 
miRNA-96-5p 

(Upregulated) 
FoxQ1 - - 

(Yang et 
al., 

2019) 

Oral 
squamous 

cell 
carcinoma 

30 pairs of OSCC 
tissue 

miRNA-96-5p 

(Upregulated) 
FOXF2 - - 

(Wang 
et al., 
2020) 
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Colorectal 
cancer 

20 CRC pairs 
sample 

miRNA-96 
(Upregulated) 

TP53INP1, 
FOXO1, 
FOXO3a 

- - 
(Gao & 
Wang, 
2015) 

26 CRC pairs 
sample 

miRNA-96-5p 

(Upregulated) 
- - - 

(P. Y. He 
et al., 
2019) 

110 CRC pairs 
sample 

miRNA-96 

PI3K 
pathway, 

mTOR 
pathway 

Upregulation is 
significantly 

associated with 
OS 

- 
(Chen 
et al., 
2022) 

Breast 
cancer 

155 BC pairs 
sample 

miR-96-5p 

(Downregulat
ed) 

CTNND1, 
Wnt/β-
catenin 

signaling 

Downregulation 
is associated 

with patients’ 
survival 

TNM staging and 
distant 

metastasis 

(Gao et 
al., 

2020) 

Cervical 
cancer 

122 CC tissues + 
96 CIN tissues + 

84 normal 
tissues 

miRNA-96 

(Upregulated) 
- 

Upregulation is 
associated with 
overall survival 

Histological 
grade, FIGO 

stage, 

lymph node 
metastasis 

(Gong, 
2018) 

60 CC pairs 
sample 

miRNA-96-5p 

(Upregulated) 
SFRP4 - 

Clinical stages 
and LN 

metastasis 

(Zhang 
et al., 
2020) 

Renal cell 
carcinoma 

11 tumor 
samples (2 

normal sensitive, 
3 normal 

resistant, 3 
tumors sensitive, 

and 3 tumor-
resistant 
samples) 

miRNA-96-5p 

(upregulated) 
 

Upregulation is 
associated with 

sunitinib 
resistance in 

CCRCC and poor 
prognosis 

- 
( Park et 

al., 
2022) 
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4. MiRNA-96 and drug resistance 
Drug resistance is a major problem while treating cancer patients. Multiple strategies 
exist for cancer cells to manifest therapy resistance (Hussen, Abdullah, et al., 2022). 
For instance, Wu et al. demonstrate that miRNA-96 targets LMO7 to accelerate the 
development of lung cancer (H. Wu et al., 2017). LMO7 overexpression reverted the 
miRNA-96promoting impact, and LMO7 expression was inversely linked with lung 
cancer grades. Exosomal miRNA-96 has been found as a blood biomarker of malignant 
lung cancer (H. Wu et al., 2017). Similarly, as a molecular sponge for miRNA-96 in AML 
cells, MALAT1 reduced miRNA-96 expression (Hu, Chen, Wang, & Zhao, 2019). The 
effects of MALAT1 knockdown on the spread, apoptosis, and ara-C sensitivity in AML 
cells were eliminated by miRNA-96 downregulation (Hu et al., 2019). As a result of 
upregulating miRNA-96, MALAT1 knockdown reduced spread, boosted apoptosis, 
and improved ara-C sensitivity in AML cells, offering fresh insights into the crucial 
function of MALAT1 as a miRNA sponge in AML (Hu et al., 2019). Likewise, Wu et al. 
findings show that miR-96 targets SAMD9 and decreased the level in NSCLC, which 
reduces cisplatin's ability to cause apoptosis and promotes the development of 
cisplatin resistance in NSCLC cells (L. Wu et al., 2016). The results of this study 
contribute new knowledge about the roles that miR-96 and SAMD9 play in cancer as 
well as about the molecular processes that underlie chemoresistance in NSCLC (L. Wu 
et al., 2016). Furthermore, in another study by Wang and his colleges revealed that 
by suppressing RAD51 and REV1, miR-96 controls DNA repair and chemosensitivity, 
results in the promotion of cellular sensitivity to cisplatin and PARP inhibition (Y. 
Wang, Huang, Calses, Kemp, & Taniguchi, 2012). As a potential treatment, miR-96 
may boost the effectiveness of chemotherapy by making cancer cells more sensitive 
to DNA damage. 
 

5. Discussion 
The intriguing molecule miR-96 has important implications for human illnesses and 
medication resistance (Min, Son, Yang, & Lee, 2019).  By binding to mRNA and 
inhibiting its translation or boosting its destruction, and it is essential for post-
transcriptional gene control. Cellular processes like cell spread, apoptosis, 
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differentiation, and development can all be influenced by miR-96's capacity to 
enhance gene expression (Bagban et al., 2022). 
Researches have shown that miR-96 can act as an oncogene or a cancer suppressor 
depending on the cellular context and target genes involved (Moazzeni, Najafi, & 
Khani, 2017). Dysregulation of miR-96 expression has been observed in various 
cancers, such as breast (Hong et al., 2016b; Xie et al., 2018), lung (H. Guo et al., 2014), 
prostate (Fendler et al., 2013; Haflidadóttir et al., 2013), and colorectal cancer (Ress 
et al., 2015). It has been linked to cancer growth, metastasis (Wei et al., 2019), and 
angiogenesis (Z. Guo et al., 2020), indicating its ability as a diagnostic marker and drug 
target in cancer. Furthermore, drug resistance has been linked to miR-96, which 
makes it difficult to treat a number of disorders, including cancer (H. Wu et al., 2017). 
Studies have demonstrated that altered miRNA-96 expression can influence how 
responsive cancer cells are to chemotherapeutic treatments by changing the 
expression of drug targets or components of signaling pathways involved in drug 
responsiveness (Ge et al., 2020). 
The significance of miR-96 in human illnesses and treatment resistance is now being 
more understood, opening up promising new research directions. Finding the precise 
target genes and signaling pathways that miR-96 controls in various illness situations 
may be the main goal of future research. Furthermore, investigating miR-96's 
potential as a diagnostic biomarker and drug target might result in the creation of 
customized medicine techniques. 
 

6. Conclusion 
In conclusion, novel information about miRNA-96's function in human cancers and 
treatment resistance has emerged in recent studies. MiR-96 dysregulation has been 
implicated in different malignant disorders, including lung cancer, breast cancer, 
colorectal cancer, hepatocellular cancer, renal cancer and other cancers. Additionally, 
miR-96 can work as an oncogene or a tumor suppressor, impacting tumor growth and 
progression. In both chemotherapy and targeted therapies, miRNA-96 has also been 
linked to drug resistance. It can alter the expression of genes include in DNA repair, 
apoptosis, drug efflux, and drug uptake, affecting how responsive cancer cells are to 
therapy. In order to pinpoint particular downstream targets, understand the precise 
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molecular mechanisms underlying miRNA-96's actions, and create techniques to 
control its expression or activity, more research is required. These developments 
could result in brand-new therapeutic approaches and diagnostic instruments to treat 
human illnesses and get around drug resistance. 
 

Abbreviation 

3' UTR 3' untranslated region 

AIMP3 
Aminoacyl-tRNA synthetase-interacting multifunctional 

protein-3 

Akt Gene: Protein kinase B or Akt (PKB/Akt) 

EGFR Gene: estimated glomerular filtration rate 

ERK1/2 Gene: Extracellular signal-regulated protein kinases 1 and 2 

EZRIN It is proteins known as ERM (Ezrin–Radixin–Moesin) 

FOXF2 Gene: Forkhead box protein F2 

FOXO1 Gene: Forkhead box protein O1 

FOXO3 Gene: Forkhead box protein O3 

FOXO3a Gene: Forkhead box protein O3a (a variant of FOXO3) 

FoxQ1 Gene: Forkhead box protein Q1 

GPC3 Gene: Glypican-3 

GPM6A Gene: Glycoprotein M6A 

HCC Hepatocellular carcinoma 

IRS1 Gene: Insulin receptor substrate 1 
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KRAS Gene: Kirsten rat sarcoma viral oncogene homolog 

LDB2 Gene: LIM domain binding 2 

MALAT1 
Gene: Metastasis Associated Lung Adenocarcinoma 

Transcript 1 

MAP4K1 Gene: Mitogen-Activated Protein Kinase 1 

MEG3 Gene: maternally expressed 3 

miRNA Micro-ribonucleic acid 

mRNA messenger ribonucleic acid 

MTSS1 Gene: Metastasis suppressor protein 1 

NSCLC Non-small cell lung cancer 

PI3K phosphoinositide 3-kinases 

pINK1 PTEN-Induced Putative Kinase Protein 1 

pri-miRNA primary miRNAs 

PTPN9 Gene: Protein tyrosine phosphatase non-receptor type 9 

RAD51 Gene: RAD51 Recombinase 

RECK Reversion-inducing-cysteine-rich protein with kazal motifs 

REV1 DNA Directed Polymerase 

SAMD9 Gene: sterile alpha motif domain containing 9 

SAN sinoatrial node 

SFRP4 Gene: Secreted frizzled-related protein 4 

TP53INP1 Gene: Tumor protein p53-inducible nuclear protein 1 
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UBE2N Gene: Ubiquitin-conjugating enzyme E2 N 

XIAP Gene: X-linked inhibitor of apoptosis protein p53 

XPO5 Gene: Exportin-5 

ZDHHC5 Gene: Zinc finger DHHC-type containing 5 

 

References:  
Bagban, M., Sharma, K., Saifi, S., Ilangovan, I., Sultana, S., & Numanoğlu, E. N. (2022). miR-96 

and its versatile role in cancer. Advances in Cancer Biology-Metastasis, 100082.   

Bhagtaney, L., & Sundarrajan, P. (2023). MicroRNA-induced Silencing Complex Assembly and 
MicroRNA Turnover. In Plant MicroRNAs and Stress Response (pp. 1-14): CRC Press. 

Cambiagno, D. A., Giudicatti, A. J., Arce, A. L., Gagliardi, D., Li, L., Yuan, W., . . . Manavella, P. 
A. (2021). HASTY modulates miRNA biogenesis by linking pri-miRNA transcription and 
processing. Molecular plant, 14(3), 426-439. 

Campos-Melo, D., Hawley, Z. C., McLellan, C., & Strong, M. J. (2022). MicroRNA turnover and 
nuclear function. In MicroRNA (pp. 109-140): Elsevier. 

Chen, Y., Liu, H., Ning, S., Wei, C., Li, J., Wei, W., & Zhang, L. (2022). The High Ratio of the 
Plasma miR-96/miR-99b Correlated With Poor Prognosis in Patients With Metastatic 
Colorectal Cancer. Frontiers in molecular biosciences, 8, 799060. 

Chu, F., Xu, X., Zhang, Y., Cai, H., Peng, J., Li, Y., . . . Chen, X. (2023). LIM-domain binding protein 
2 was down-regulated by miRNA-96-5p inhibited the proliferation, invasion and 
metastasis of lung cancer H1299 cells. Clinics, 78, 100145. 

Ding, L., Fang, Y., Li, Y., Hu, Q., Ai, M., Deng, K., . . . Xin, H. (2021). AIMP3 inhibits cell growth 
and metastasis of lung adenocarcinoma through activating a miR-96-5p-AIMP3-p53 
axis. Journal of Cellular and Molecular Medicine, 25(6), 3019-3030. 

Dong, X.-Z., Song, Y., Lu, Y.-P., Hu, Y., Liu, P., & Zhang, L. (2019a). Sanguinarine inhibits the 
proliferation of BGC-823 gastric cancer cells via regulating miR-96-5p/miR-29c-3p and 
the MAPK/JNK signaling pathway. Journal of natural medicines, 73(4), 777-788.   



 

QALAAI ZANISTSCIENTIFIC JOURNAL 
A Scientific Quarterly Refereed Journal Issued by Lebanese French University – Erbil,   Kurdistan, Iraq 

Vol. (8), No (4), Autumn 2023 
ISSN 2518-6566 (Online) - ISSN 2518-6558 (Print) 

 

1387 

Dong, X.-Z., Song, Y., Lu, Y.-P., Hu, Y., Liu, P., & Zhang, L. (2019b). Sanguinarine inhibits the 
proliferation of BGC-823 gastric cancer cells via regulating miR-96-5p/miR-29c-3p and 
the MAPK/JNK signaling pathway. Journal of natural medicines, 73, 777-788.   

El-Derany, M. O., & AbdelHamid, S. G. (2021). Upregulation of miR-96-5p by bone marrow 
mesenchymal stem cells and their exosomes alleviate non-alcoholic steatohepatitis: 
Emphasis on caspase-2 signaling inhibition. Biochemical Pharmacology, 190, 114624. 

Elrebehy, M. A., Al-Saeed, S., Gamal, S., El-Sayed, A., Ahmed, A. A., Waheed, O., . . . Doghish, 
A. S. (2022). miRNAs as cornerstones in colorectal cancer pathogenesis and resistance 
to therapy: A spotlight on signaling pathways interplay—A review. International Journal 
of Biological Macromolecules, 214, 583-600.   

Ergin, K., & Çetinkaya, R. (2022). Regulation of microRNAs. miRNomics: MicroRNA Biology and 
Computational Analysis, 1-32.   

Fendler, A., Jung, M., Stephan, C., Erbersdobler, A., Jung, K., & Yousef, G. M. (2013). The 
antiapoptotic function of miR-96 in prostate cancer by inhibition of FOXO1. PloS one, 
8(11), e80807. 

Gao, F., & Wang, W. (2015). MicroRNA-96 promotes the proliferation of colorectal cancer 
cells and targets tumor protein p53 inducible nuclear protein 1, forkhead box protein 
O1 (FOXO1) and FOXO3a. Molecular Medicine Reports, 11(2), 1200-1206. 

Gao, X.-h., Zhang, Y.-l., Zhang, Z.-y., Guo, S.-s., Chen, X.-b., & Guo, Y.-z. (2020). MicroRNA-96-
5p represses breast cancer proliferation and invasion through Wnt/β-catenin signaling 
via targeting CTNND1. Scientific reports, 10(1), 1-9. 

Ge, T., Xiang, P., Mao, H., Tang, S., Zhou, J., & Zhang, Y. (2020). Inhibition of miR‑96 enhances 
the sensitivity of colorectal cancer cells to oxaliplatin by targeting TPM1. Experimental 
and therapeutic medicine, 20(3), 2134-2140. 

Ghafouri-Fard, S., Glassy, M. C., Abak, A., Hussen, B. M., Niazi, V., & Taheri, M. (2021). The 
interaction between miRNAs/lncRNAs and Notch pathway in human disorders. 
Biomedicine & Pharmacotherapy, 138, 111496. doi:https: 
//doi.org/10.1016/j.biopha.2021.111496. 

Gharib, A. F., Eed, E. M., Khalifa, A. S., Raafat, N., Shehab-Eldeen, S., Alwakeel, H. R., . . . Essa, 
A. (2022a). Value of Serum miRNA-96-5p and miRNA-99a-5p as Diagnostic Biomarkers 
for Hepatocellular Carcinoma. International Journal of General Medicine, 2427-2436.   



 

QALAAI ZANISTSCIENTIFIC JOURNAL 
A Scientific Quarterly Refereed Journal Issued by Lebanese French University – Erbil,   Kurdistan, Iraq 

Vol. (8), No (4), Autumn 2023 
ISSN 2518-6566 (Online) - ISSN 2518-6558 (Print) 

 

1388 

Gharib, A. F., Eed, E. M., Khalifa, A. S., Raafat, N., Shehab-Eldeen, S., Alwakeel, H. R., . . . Essa, 
A. (2022b). Value of Serum miRNA-96-5p and miRNA-99a-5p as Diagnostic Biomarkers 
for Hepatocellular Carcinoma. International Journal of General Medicine, 15, 2427.   

Gong, J.-M. (2018). miRNA-96 might serve as potential biomarkers for cervical cancer. Annals 
of Oncology, 29, ix83.   

Gullotta, G., Korte, A., & Marquardt, S. (2023). Functional variation in the non-coding 
genome: molecular implications for food security. Journal of Experimental Botany, 
74(7), 2338-2351. 

Guo, H., Li, Q., Li, W., Zheng, T., Zhao, S., & Liu, Z. (2014). MiR-96 downregulates RECK to 
promote growth and motility of non-small cell lung cancer cells. Molecular and Cellular 
Biochemistry, 390, 155-160.  

Guo, Z., Wang, X., Yang, Y., Chen, W., Zhang, K., Teng, B., . . . Qiu, Z. (2020). Hypoxic tumor-
derived exosomal long noncoding RNA UCA1 promotes angiogenesis via miR-96-
5p/AMOTL2 in pancreatic cancer. Molecular Therapy-Nucleic Acids, 22, 179-195.   

Haflidadóttir, B. S., Larne, O., Martin, M., Persson, M., Edsjö, A., Bjartell, A., & Ceder, Y. (2013). 
Upregulation of miR-96 enhances cellular proliferation of prostate cancer cells through 
FOXO1. PloS one, 8(8), e72400. 

Han, J., & Mendell, J. T. (2022). MicroRNA turnover: A tale of tailing, trimming, and targets. 
Trends in biochemical sciences.   

He, P. Y., Yip, W. K., Jabar, M. F., Mohtarrudin, N., Dusa, N. M., & Seow, H. F. (2019). Effect of 
the miR‑96‑5p inhibitor and mimic on the migration and invasion of the SW480‑7 
colorectal cancer cell line. Oncology letters, 18(2), 1949-1960. 

He, X., & Zou, K. (2020). MiRNA-96-5p contributed to the proliferation of gastric cancer cells 
by targeting FOXO3. The Journal of Biochemistry, 167(1), 101-108.   

Hong, Y., Liang, H., Wang, Y., Zhang, W., Zhou, Y., Chen, S. a., . . . Wang, N. (2016a). miR-96 
promotes cell proliferation, migration and invasion by targeting PTPN9 in breast cancer. 
Scientific reports, 6(1), 1-16.   

Hong, Y., Liang, H., Wang, Y., Zhang, W., Zhou, Y., Chen, S. a., . . . Wang, N. (2016b). miR-96 
promotes cell proliferation, migration and invasion by targeting PTPN9 in breast cancer. 
Scientific reports, 6(1), 37421. 



 

QALAAI ZANISTSCIENTIFIC JOURNAL 
A Scientific Quarterly Refereed Journal Issued by Lebanese French University – Erbil,   Kurdistan, Iraq 

Vol. (8), No (4), Autumn 2023 
ISSN 2518-6566 (Online) - ISSN 2518-6558 (Print) 

 

1389 

Hu, N., Chen, L., Wang, C., & Zhao, H. (2019). MALAT1 knockdown inhibits proliferation and 
enhances cytarabine chemosensitivity by upregulating miR-96 in acute myeloid 
leukemia cells. Biomedicine & Pharmacotherapy, 112, 108720.   

Hussen, B. M., Abdullah, S. R., Hama Faraj, G. S., Rasul, M. F., Salihi, A., Ghafouri-Fard, S., . . . 
Mokhtari, M. (2022). Exosomal circular RNA: a signature for lung cancer progression. 
Cancer Cell International, 22(1), 378. doi:10.1186/s12935-022-02793-7. 

Hussen, B. M., Abdullah, S. R., Rasul, M. F., Jawhar, Z. H., Faraj, G. S. H., Kiani, A., & Taheri, M. 
(2023). MiRNA-93: a novel signature in human disorders and drug resistance. Cell 
Communication and Signaling, 21(1), 79.   

Hussen, B. M., Hidayat, H. J., Salihi, A., Sabir, D. K., Taheri, M., & Ghafouri-Fard, S. (2021). 
MicroRNA: A signature for cancer progression. Biomedicine & Pharmacotherapy, 138, 
111528. doi:https: //doi.org/10.1016/j.biopha.2021.111528 

Hussen, B. M., Salihi, A., Abdullah, S. T., Rasul, M. F., Hidayat, H. J., Hajiesmaeili, M., & 
Ghafouri-Fard, S. (2022). Signaling pathways modulated by miRNAs in breast cancer 
angiogenesis and new therapeutics. Pathology - Research and Practice, 230, 153764. 
doi:https: //doi.org/10.1016/j.prp.2022.153764. 

Jones, A. N., Walbrun, A., Falleroni, F., Rief, M., & Sattler, M. (2022). Conformational Effects 
of a Cancer-Linked Mutation in Pri-miR-30c RNA. Journal of Molecular Biology, 434(18), 
167705.   

Kanwal, N., Al Samarrai, O. R., Al-Zaidi, H. M. H., Mirzaei, A. R., & Heidari, M. J. (2023). 
Comprehensive analysis of microRNA (miRNA) in cancer cells. Cellular, Molecular and 
Biomedical Reports, 3(2), 89-97.   

Kim, S.-A., Kim, I., Yoon, S. K., Lee, E. K., & Kuh, H.-J. (2015). Indirect modulation of sensitivity 
to 5-fluorouracil by microRNA-96 in human colorectal cancer cells. Archives of 
pharmacal research, 38(2), 239-248.   

Letafati, A., Najafi, S., Mottahedi, M., Karimzadeh, M., Shahini, A., Garousi, S., . . . Hamblin, 
M. R. (2022). MicroRNA let-7 and viral infections: focus on mechanisms of action. 
Cellular & Molecular Biology Letters, 27(1), 1-47. 

Li, Z.-R., Xu, G., Zhu, L.-Y., Chen, H., Zhu, J.-M., & Wu, J. (2022). GPM6A expression is 
suppressed in hepatocellular carcinoma through miRNA-96 production. Laboratory 
Investigation, 102(11), 1280-1291.   



 

QALAAI ZANISTSCIENTIFIC JOURNAL 
A Scientific Quarterly Refereed Journal Issued by Lebanese French University – Erbil,   Kurdistan, Iraq 

Vol. (8), No (4), Autumn 2023 
ISSN 2518-6566 (Online) - ISSN 2518-6558 (Print) 

 

1390 

Ma, X., Shi, W., Peng, L., Qin, X., & Hui, Y. (2018). MiR-96 enhances cellular proliferation and 
tumorigenicity of human cervical carcinoma cells through PTPN9. Saudi journal of 
biological sciences, 25(5), 863-867. 

Mencia, R., Gonzalo, L., Tossolini, I., & Manavella, P. A. (2023). Keeping up with the miRNAs: 
current paradigms of the biogenesis pathway. Journal of Experimental Botany, 74(7), 
2213-2227.   

Min, K.-H., Son, Y.-S., Yang, W.-M., & Lee, W. (2019). Implication of obesity-induced miR-96 
in hepatic insulin resistance. RNA & DISEASE, 6.   

Mirzaei, H., Rahimian, N., Mirzaei, H. R., Nahand, J. S., & Hamblin, M. R. (2022). MicroRNA 
Biogenesis and Function. In Exosomes and MicroRNAs in Biomedical Science (pp. 1-9): 
Springer. 

Moazzeni, H., Najafi, A., & Khani, M. (2017). Identification of direct target genes of miR-7, 
miR-9, miR-96, and miR-182 in the human breast cancer cell lines MCF-7 and MDA-MB-
231. Molecular and cellular probes, 34, 45-52. 

Park, E. G., Ha, H., Lee, D. H., Kim, W. R., Lee, Y. J., Bae, W. H., & Kim, H.-S. (2022). Genomic 
Analyses of Non-Coding RNAs Overlapping Transposable Elements and Its Implication 
to Human Diseases. International journal of molecular sciences, 23(16), 8950. 

Park, S. E., Kim, W., Hong, J.-Y., Kang, D., Park, S., Suh, J., . . . Hwang, J. J. (2022). miR-96-5p 
targets PTEN to mediate sunitinib resistance in clear cell renal cell carcinoma. Scientific 
reports, 12(1), 1-12. 

Pillar, N., Polsky, A. L., & Shomron, N. (2019). Dual inhibition of ABCE1 and LCP1 by microRNA-
96 results in an additive effect in breast cancer mouse model. Oncotarget, 10(21), 
2086.   

Radhi, K. A., Matti, B. F., & Hamzah, I. H. (2023). The role of miRNA-96 and miRNA-150 
between different BCR-ABL p210 transcript levels and between different levels of 
imatinib optimal response in CML patients. Human Gene, 36, 201166.   

Rani, V., & Sengar, R. S. (2022). Biogenesis and mechanisms of microRNA-mediated gene 
regulation. Biotechnology and bioengineering, 119(3), 685-692. 

Ress, A. L., Stiegelbauer, V., Winter, E., Schwarzenbacher, D., Kiesslich, T., Lax, S., . . . Ling, H. 
(2015). MiR-96-5p influences cellular growth and is associated with poor survival in 
colorectal cancer patients. Molecular carcinogenesis, 54(11), 1442-1450. 



 

QALAAI ZANISTSCIENTIFIC JOURNAL 
A Scientific Quarterly Refereed Journal Issued by Lebanese French University – Erbil,   Kurdistan, Iraq 

Vol. (8), No (4), Autumn 2023 
ISSN 2518-6566 (Online) - ISSN 2518-6558 (Print) 

 

1391 

Samad, A. F. A., & Kamaroddin, M. F. (2023). Innovative approaches in transforming 
microRNAs into therapeutic tools. Wiley Interdisciplinary Reviews: RNA, 14(1), e1768. 

Shi, Y., Zhao, Y., Shao, N., Ye, R., Lin, Y., Zhang, N., . . . Wang, S. (2017). Overexpression of 
microRNA-96-5p inhibits autophagy and apoptosis and enhances the proliferation, 
migration and invasiveness of human breast cancer cells. Oncology letters, 13(6), 4402-
4412.   

Song, H.-M., Luo, Y., Li, D.-F., Wei, C.-K., Hua, K.-Y., Song, J.-L., . . . Fang, L. (2015). MicroRNA-
96 plays an oncogenic role by targeting FOXO1 and regulating AKT/FOXO1/Bim 
pathway in papillary thyroid carcinoma cells. International journal of clinical and 
experimental pathology, 8(9), 9889. 

Suzuki, H. I. (2023). Roles of MicroRNAs in Disease Biology. JMA journal, 6(2), 104-113.   

Taheri, M., Mahmud Hussen, B., Tondro Anamag, F., Shoorei, H., Dinger, M. E., & Ghafouri-
Fard, S. (2022). The role of miRNAs and lncRNAs in conferring resistance to doxorubicin. 
Journal of Drug Targeting, 30(1), 1-21. doi:10.1080/1061186X.2021.1909052. 

Tsai, Y.-C., Chen, W.-Y., Siu, M. K., Tsai, H.-Y., Yin, J. J., Huang, J., & Liu, Y.-N. (2017). Epidermal 
growth factor receptor signaling promotes metastatic prostate cancer through 
microRNA-96-mediated downregulation of the tumor suppressor ETV6. Cancer letters, 
384, 1-8.   

Wang, B., Liu, X., & Meng, X. (2020). miR-96-5p enhances cell proliferation and invasion via 
targeted regulation of ZDHHC5 in gastric cancer. Bioscience Reports, 40.   )4  (  

Wang, H., Ma, N., Li, W., & Wang, Z. (2020). MicroRNA-96-5p promotes proliferation, invasion 
and EMT of oral carcinoma cells by directly targeting FOXF2. Biology open, 9(3), 
bio049478. 

Wang, Y., Huang, J.-W., Calses, P., Kemp, C. J., & Taniguchi, T. (2012). MiR-96 Downregulates 
REV1 and RAD51 to Promote Cellular Sensitivity to Cisplatin and PARP InhibitionMiR-96 
in Chemosensitivity. Cancer Research, 72(16), 4037-4046. 

Wang, Y., Luo, H., Li, Y., Chen, T., Wu, S., & Yang, L. (2012). hsa-miR-96 up-regulates MAP4K1 
and IRS1 and may function as a promising diagnostic marker in human bladder 
urothelial carcinomas. Molecular Medicine Reports, 5(1), 260-265. 

Wang, Z., Wei, Y., Zhu, H., Yu, L., Zhu, J., Han, Q., . . . Fan, G. (2022). LncRNA NDRG1 aggravates 
osteosarcoma progression and regulates the PI3K/AKT pathway by sponging miR-96-
5p. BMC cancer, 22(1), 1-15.   



 

QALAAI ZANISTSCIENTIFIC JOURNAL 
A Scientific Quarterly Refereed Journal Issued by Lebanese French University – Erbil,   Kurdistan, Iraq 

Vol. (8), No (4), Autumn 2023 
ISSN 2518-6566 (Online) - ISSN 2518-6558 (Print) 

 

1392 

Wei, S., Zheng, Y., Jiang, Y., Li, X., Geng, J., Shen, Y., . . . Chen, Y. (2019). The circRNA circPTPRA 
suppresses epithelial-mesenchymal transitioning and metastasis of NSCLC cells by 
sponging miR-96-5p. EBioMedicine, 44, 182-193.   

Wu, F., Wu, B., Zhang, X., Yang, C., Zhou, C., Ren, S., . . . Wang, G. (2021). Screening of 
MicroRNA Related to Irradiation Response and the Regulation Mechanism of miRNA-
96-5p in Rectal Cancer Cells. Frontiers in oncology, 11, 699475. 

Wu, H., Zhou, J., Mei, S., Wu, D., Mu, Z., Chen, B., . . . Liu, J. (2017). Circulating exosomal 
microRNA-96 promotes cell proliferation, migration and drug resistance by targeting 
LMO7. Journal of Cellular and Molecular Medicine, 21(6), 1228-1236.   

Wu, L., Pu, X., Wang, Q., Cao, J., Xu, F., Xu, L., & Li, K. (2016). miR‑96 induces cisplatin 
chemoresistance in non‑small cell lung cancer cells by downregulating SAMD9. 
Oncology letters, 11(2), 945-952. 

Xie, W., Sun, F., Chen, L., & Cao, X. (2018). miR-96 promotes breast cancer metastasis by 
suppressing MTSS1. Oncology letters, 15(3), 3464-3471.   

Yang, L., Liu, L., Zhang, X., Zhu, Y., Li, L., Wang, B., . . . Ren, C. (2020). miR-96 enhances the 
proliferation of cervical cancer cells by targeting FOXO1. Pathology-Research and 
Practice, 216(4), 152854. 

Yang, N., Zhang, Q., & Bi, X. (2020). MiRNA-96 accelerates the malignant progression of 
ovarian cancer via targeting FOXO3a. Eur Rev Med Pharmacol Sci, 24(1), 65-73.   

Yang, X., Li, N., Deng, W., Ma, Y., Han, X., Zhang, Z., . . . Luo, S. (2019). miRNA-96-5p inhibits 
the proliferation and migration of gastric cancer cells by targeting FoxQ1. Zhonghua 
Zhong liu za zhi [Chinese Journal of Oncology], 41(3), 193-199. 

Yao, Q., Pei, Y., Zhang, X., & Xie, B. (2018). microRNA-96 acts as a tumor suppressor gene in 
human osteosarcoma via target regulation of EZRIN. Life sciences, 203, 1-11.   

Yin, Z., Wang, W., Qu, G., Wang, L., Wang, X., & Pan, Q. (2020). MiRNA-96-5p impacts the 
progression of breast cancer through targeting FOXO3. Thoracic cancer, 11(4), 956-963. 

Yu, S., Lu, Z., Liu, C., Meng, Y., Ma, Y., Zhao, W., . . . Chen, J. (2010). miRNA-96 Suppresses 
KRAS and Functions as a Tumor Suppressor Gene in Pancreatic CancermiR-96 
Suppresses KRAS as a Tumor Suppressor. Cancer Research, 70(14), 6015-6025.   

Zhang, H., Chen, R., & Shao, J. (2020). MicroRNA-96-5p facilitates the viability, migration, and 
invasion and suppresses the apoptosis of cervical cancer cells bynegatively modulating 
SFRP4. Technology in cancer research & treatment, 19, 1533033820934132.   



 

QALAAI ZANISTSCIENTIFIC JOURNAL 
A Scientific Quarterly Refereed Journal Issued by Lebanese French University – Erbil,   Kurdistan, Iraq 

Vol. (8), No (4), Autumn 2023 
ISSN 2518-6566 (Online) - ISSN 2518-6558 (Print) 

 

1393 

Zhang, J., Kong, X., Li, J., Luo, Q., Li, X., Shen, L., . . . Fang, L. (2014). miR-96 promotes tumor 
proliferation and invasion by targeting RECK in breast cancer. Oncology reports, 31(3), 
1357-1363. 

Zhang, S., & Guo, W. (2019). Long non‑coding RNA MEG3 suppresses the growth of glioma 
cells by regulating the miR‑96‑5p/MTSS1 signaling pathway. Molecular Medicine 
Reports, 20(5), 4215-4225. 

Zhang, W., Qian, P., Zhang, X., Zhang, M., Wang, H., Wu, M., . . . Perry, J. K. (2015). 
Autocrine/paracrine human growth hormone-stimulated MicroRNA 96-182-183 cluster 
promotes epithelial-mesenchymal transition and invasion in breast cancer. Journal of 
Biological Chemistry, 290(22), 13812-13829. 

Zhou, H.-Y., Wu, C.-Q., & Bi, E.-X. (2019). MiR-96-5p inhibition induces cell apoptosis in gastric 
adenocarcinoma. World journal of gastroenterology, 25(47), 6823. 

 و  ۆڤمر یکانهییهنج هرپ Ƀش هکچوونɃت هmicroRNA-96  ƿ ۆب ێنو یکɃنیوانÞɃت

 رمان ەد  دژی یرگرهب

 

  پـوخـتـه: 

miRNA-96  کی کورتیɄگهرد  RNA   کی  هک  رهدکۆناکɃǄگەد  یک ەرهس  رۆɄÞɃت  ƿه  Ʉی نیج  یکخستنڕ 

 یخۆد Ƀیپهب   ،هنجهرپɃش کەو ،یش ۆخهن کەیهژمار  یکردنهشهگ هƿ هیهه   ڕۆǄیو   ،ەوهرگرتنهبهƿ یدوا

ب  نیجۆ نکۆ ئ  انی  م ەرە و  یر هرکوتکهس  کوە و  هیهوانهƿ  ،هکهخان   م هئ  ی کانەوهنیژɄتو  Ƀیپهکاربکات. 

 هی نجهرپɃش  مک،هم  هینجهرپɃش  ،ەدهگ  هینجهرپɃش  هƿ  ەوەکرد  یمهک  miRNA-96  یئاست  ،ییهواد

  miRNA-96  �مهǅ . بدانداǄمندا  یمƼ  هینجهرپɃو ش  هƼیگورچ  هینجهرپɃ ش  ،  هینجهرپɃش  اس، ینکرهپ

ƿرۆج  ندهچ  هɄش  یتر  یکɃکات، ەد  ادیز  یئاست  داهنجهرپ  ƿۆک  هوانهǄهخڕیو    نۆǄستات،ۆپر  کان،ییهس  ،ۆ  

ئɃسك  ،مɃشك ش  شɃرپهنجهی  ƿرهجگ  یکانهخان  هینجهرپɃو   مان ەوهداچونɃ پ  دا ەیهیوهنیژɄتو  مه. 

و    کانهییهنجهرپɃش  ییهشۆ خهن  یشخستنɃپ  هmiRNA-96  ƿ  ڕۆǄی  هƿ  کهیهپوخت  ۆب  ەکردو

  هب  مانسته. پشتبکان هنجهرپɃش  یدروستبوون  ۆیه  هتۆب  هک  هیزمانیکانیم  وهئ  رهسهƿ  ەوهختکردنهج
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ƿɃیکǄبهستووە  کانەوهنۆ چاندراو  خانهی  و  ئاژەڵ  و  مرۆڤ  زیندووی  نمونهی    ه مɃئ  هاەروهه  ،ƿهسهر 

کردۆتهوە و   هنجهرپɃش  یکردنینیشبɃپ  یکهیهشانین  کوەو  miRNA-96  مهئ  یرکهئ  رهس  جهختمان 

 . رمانەد یدژ  هƿ کردنیرگرهب هƿ کاتە د یشدارهب نۆچ  هک ەوهنهیکەد ەوهƿ ختهج

 __________________________________________________________ 

  في الاضطرابات الخبيثة البشرية ومقاومة الأدوية  microRNA-96نظرة ثاقبة جديدة لـ 

   :الملخص
MİRNA-96  هو جزيء قصير من الحمض النووي الريبي غير المشفر يلعب دور وظيفة أساسية في تنظيم

الجين بعد النسخ ، و تلعب دورًا في تطوير عدد من الأمراض ، مثل السرطان ، اعتمادًا على الإعداد الخلوي ،  
ة في سرطان المعدة  تقل مستوى اصاب miRNA-96قد يعمل كورم القامع أو الجين الورمي. وفقا لبحث حديث ،  

وسرطان الثدي ، سرطان البنكرياس وسرطان وسرطان الكلى وسرطان عنق الرحم. ومع ذلك ، تزيد مستوى  
في عدة أنواع من السرطانات ، بما في ذلك القولون والمستقيم ، والرئة ، والبروستات،   MİRNA-96 اصابة

 دية. تهدف المراجعة الحالية إلى تقديم ملخص لدور والورم الدبقي ،و سرطان العظام ، و سرطانة الخلايا الكب
miRNA-96  في النهوض بأمراض السرطان ومع التركيز على مسارات الإشارات غير المنظمة. تركز على

كعلامة بيولوجية للسرطان    miRNA -96الأبحاث في الجسم الحي وفي المختبر والبشر ، نراجع أيضًا وظيفة
 .ساهمة في مقاومة الأدويةللتشخيص والتأكيد و كيفية م


