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Abstract  Gastrointestinal (GI) cancers are com-
mon cancers that are responsible for a large portion of 
global cancer fatalities. Due to this, there is a press-
ing need for innovative strategies to identify and treat 
GI cancers. MicroRNAs (miRNAs) are short ncRNAs 
that can be considered either cancer-causing or tumor-
inhibiting molecules. MicroRNA-155, also known as 
miR-155, is a vital regulator in various cancer types. 
This miRNA has a carcinogenic role in a variety of 
gastrointestinal cancers, including pancreatic, colon, 
and gastric cancers. Since the abnormal production of 
miR-155 has been detected in various malignancies 
and has a correlation with increased mortality, it is 
a promising target for future therapeutic approaches. 
Moreover, exosomal miR-155 associated with tumors 
have significant functions in communicating between 
cells and establishing the microenvironment for 

cancer in GI cancers. Various types of genetic mate-
rial, such as specifically miR-155 as well as proteins 
found in cancer-related exosomes, have the ability to 
be transmitted to other cells and have a function in 
the advancement of tumor. Therefore, it is critical to 
conduct a review that outlines the diverse functions of 
miR-155 in gastrointestinal malignancies. As a result, 
we present a current overview of the role of miR-155 
in gastrointestinal cancers. Our research highlighted 
the role of miR-155 in GI cancers and covered criti-
cal issues in GI cancer such as pharmacologic inhibi-
tors of miRNA-155, miRNA-155-assosiated circular 
RNAs, immune-related cells contain miRNA-155. 
Importantly, we discussed miRNA-155 in GI cancer 
resistance to chemotherapy, diagnosis and clinical tri-
als. Furthermore, the function of miR-155 enclosed in 
exosomes that are released by cancer cells or tumor-
associated macrophages is also covered.
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Introduction

Researchers projected that in 2019, the United 
States would see more than 1.7 million newly diag-
nosed individuals facing cancer and over 607,000 
deaths due to the disease (Siegel et  al. 2019). The 
WHO Classification of Tumors sets the global 
benchmarks for tumor classification and diagnosis. 
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It allows for direct comparisons to be made between 
nations. Diagnosing tumors is not exclusively the 
pathologists’ domain; nowadays some patients 
are being treated considering their clinical, liquid 
biopsy, and radiological results even before tis-
sue samples are obtained. This relevance extends 
the cataloging to various medical care of individu-
als with gastrointestinal tumors (Washington et  al. 
2021). The GI tract is the location of occurrence 
of many cancers as the highest incidence of can-
cers and second highest mortality are related to this 
system. The gastrointestinal (GI) tract’s cells have 
a very brief lifespan. The stomach’s epithelial cells, 
colon, and small intestine that are reproduced of 
stem cells, are usually replaced within a few days, 
and are among the tissues, which easily regenerate 
in the body. These tissues continue to sustain physi-
cal, chemical, and biological damage, necessitat-
ing this conversion. The rapid proliferation of these 
cells increases the possibility of pre-cancer muta-
tions, which ends up with malignant tumors (Ander-
son et al. 2019).

GI cancers

At present, most patients with colorectal cancer 
(CRC), gastric cancer (GC), and esophageal cancer 
(EC) primarily undergo surgical removal as their 
main form of treatment. Notwithstanding advance-
ments in adjuvant and neoadjuvant chemoradio-
therapy (CRT), a big patient population, however, 
creates far-off metastases and is resistant to treat-
ment (Smyth and Moehler 2019). One of the onco-
genic pathways linked to gastrointestinal cancers 
is chronic inflammation. For example, intestinal 
disorders due to inflammation like ulcerative coli-
tis (UC) and Crohn’s disease (CD), as well as other 
inflammatory bowel conditions and chronic atrophic 
gastritis (mainly caused by Helicobacter pylori), are 
risk factors for both small bowel cancer and CRC 
(Hata et al. 2003; Parsonnet et al. 1991). Intestinal 
cancer progression is also associated with genetic 
factors. Every now and then, one watches the gene-
alogy of a family that includes GI cancer cases. 
According to details, the prevalence of familial GC 
and CRC is between 10 and 20% (Corso et al. 2011; 
Chapelle 2004), which is not negligible.

MicroRNAs

MicroRNAs (miRNAs) are controllers of genes 
that code proteins. miRNAs can tightly bind to 
the 3’-untranslated part (3’-UTR) of their specific 
mRNA, influencing protein expression by degrading 
the mRNAs or by translation inhibition (Ha and Kim 
2014; Bartel 2009; Preethi et  al. 2022; Anees et  al. 
2023; Selvakumar et  al. 2024). miRNAs are single-
stranded RNAs (ssRNAs), which are composed of 
20–25 nucleotides, are important in different major 
cellular mechanisms, including proliferation, angio-
genesis, apoptosis, and differentiation (Rashed et  al. 
2017; Mangala et  al. 2016; Kanlikilicer et  al. 2016; 
Bayraktar et  al. 2017). MiRNA genes made up of 
approximately 1% of the human genome, which are 
post-transcriptionally regulated over 33% of trans-
lated proteins (Bentwich et al. 2005).

Previous research has examined the variability 
in miRNA levels within an individual (Yoon et  al. 
2017). It is crucial to determine the degree of vari-
ation in miRNA levels within an individual in order 
to establish effective clinical biomarkers. This is 
because miRNAs with inconsistent levels of expres-
sion are not likely to serve as dependable biomarkers. 
The fluctuations seen in profiling studies of individu-
als may be connected to external environmental ele-
ments or undisclosed diseases (Wu et  al. 2018). In 
conclusion, our findings strongly indicate that the 
inherent fluctuation in the expression of miRNAs 
could be the underlying factor for the contradic-
tory outcomes observed in other biomarker research. 
(Yoon et al. 2017).

During cancer development and the associated 
genetic mutations, there is a noteworthy reduction 
in the production of essential miRNAs, disrupting 
their normal regulatory functions. Consider the 
scenario of a genetic alteration in XPO5 that leads 
to the retention of precursor miRNA molecules 
within the cell’s nucleus (Melo et  al. 2010). Fur-
thermore, genomic analyses have shown that mutant 
XPO5 significantly contributes to tumor growth by 
increasing the expression of genes that may cause 
cancers like EZH2, MYC, and KRAS. This surge 
in gene expression is directly due to the lack of the 
corresponding regulatory microRNAs (Rupaimoole 
et  al. 2016). Moreover, substantial findings shows 
that the cancer cells microenvironment is vital in 
regulating processes such as miRNA production, 
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methylation, and transcriptional modifications 
(Rupaimoole et al. 2016).

Since Calin et  al. (Calin et  al. 2002) showed a 
link in miRNAs and human cancer. In many inves-
tigations, miRNAs were found as tumor suppres-
sor miRNAs or as once-miRNAs in human cancer. 
MiRNAs are considered ideal potential human can-
cer biomarkers due to their stability. On the other 
hand, miRNA-targeted treatment has many chal-
lenges, such as the delivery system. Additionally, a 
few clinical trials are underway at the moment. In 
addition, miRNAs expressed in bodily fluids that 
are circulated potentially forecast the growth of a 
tumor, like metastasis to lymph nodes, and also may 
contribute to the prognosis and reaction to cancer 
treatment in ill people with GIC (Takahashi et  al. 
2019; Xu et al. 2018; Khoury and Tran 2015; Mitch-
ell et  al. 2008; Gallo et  al. 2012; Ortiz-Quintero 
2016). The accumulation of data has demonstrated 
that miRNAs are able to remain stable in bodily flu-
ids, including blood (Gallo et al. 2012; Arroyo et al. 
2011; Hu et al. 2010), urine (Lv et al. 2013), saliva 

(Gallo et al. 2012; Michael et al. 2010), and breast 
milk (Zhou et al. 2012).

Numerous forms of human cancer show increased 
production of miR-155. It was found that miR-155 
expression levels rise and function as a driver for can-
cer development in cancerous tissues and cell models, 
such as those related to gastrointestinal cancer (Qu 
et al. 2018; Shi et al. 2020a; Wu et al. 2020). Mark-
edly elevated miR-155 levels were related to a notably 
reduced existence rate in individuals with esophageal 
squamous cell carcinoma. MiR-155 might function 
as a separate prognostic sign for this disease (Zheng 
et al. 2020). Furthermore, miR-155 is crucial in pro-
moting the progression and attack of gastric tomur 
cells (Qu et al. 2018). But still the exact role and fun-
damental machineries of miR-155 in gastrointestinal 
cancer remain insufficiently understood.

Considering that miR-155 and exosomal miR-155 
have a crucial function in different molecular pro-
cesses linked to cancer, including angiogenesis and 
apoptosis (Fig.  1). The primary miRNA that con-
trols immune responses is miR-155 (O’Connell et al. 

Fig. 1   Various mechanisms can be affected by miNA-155 
and exosomal miR-155. Various molecular processes linked to 
angiogenesis and apoptosis in GI cancers. miR-155 is consid-
ered as primary miRNA that controls immune responses. The 

miRNA-155 is produced by activated B or T cells, monocytes, 
and macrophages. Moreover, miR-155 plays an essential func-
tion at some stage in hematopoiesis and controls tolerance and 
lymphocyte homeostasis
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2009). The miRNA-155 is formed by activated T or B 
cells, monocytes, and macrophages (Tili et al. 2008a; 
Tili et  al. 2008b). MiR-155 plays an essential func-
tion at some stage in hematopoiesis and controls tol-
erance and lymphocyte homeostasis. Slight growth 
in miR-155 ranges is found in lots of kinds of malig-
nancies of myeloid origin B cell, as well as miR-155 
transgene overexpression in mice is effective in most 
cancers (Tili et al. 2009). So, there is an urgent need 
for a review that mention various functional aspects 
of miR-155 in GI tumors. However, a review discuss-
ing the role of miR-155 in GI tomurs was published 
in 2016. Therefore, we present an updated summary 
of miR-155’s function in gastrointestinal cancers in 
Table 1. Additionally, we highlight the role of exoso-
mal miR-155 in GI malignancies.

miRNA‑155 and GI Cancer

Types of GI Cancer

Pancreatic cancer (PC) is the fourth top reason 
of deaths due to cancer globally, accountable for 
approximately 227,000 deaths each year (Rai-
mondi et  al. 2009). A family history of prolonged 
pancreatitis(chronic) (Klein et  al. 2004) smok-
ing, patients with higher ages, men compared with 
women, diabetes mellitus, weight problems, blood 
types other than O (Wolpin et al. 2009; Amundadottir 
et al. 2009), exposure to special materials due to the 
job, African-American ancestry, a diet high protein 
and fat, with not enough fibers and folate, and most 
likely H.pylori and oral and dental diseases such as 
periodontal ones are risk factors for this cancerous 
disease (Raimondi et al. 2009). According to prelimi-
nary studies, metformin may protect against PC pro-
gression (Li et al. 2009). Coffee drinking isn’t always 
seen as a risk factor for the illness. Cigarette smoking 
and family history are the main contributing factors 
to pancreatic cancer, despite the fact that the cause is 
complex and multifactorial. Smoking causes about 
20% of pancreatic tumors, and smokers’ cancers have 
more genetic mutations than non-smokers’ cancers 
(Blackford et al. 2009).

Gastric cancer could be a universally imperative 
illness. With an estimated one million novel cases 
every year, the fifth most often studied malignancy 
worldwide is gastric  cancer. Usually, this cancer is 

diagnosed lately as at primary stages its signs and 
symptoms are non-specific, gastric cancer ranked 
third in the world for cancer-related deaths in 2018, 
accounting for 784,000 deaths worldwide (Wang 
et  al. 2002). South America, Eastern Europe, and 
East Asia have the uppermost mortality and inci-
dence all over the world. The possibility of stomach 
malignancy in men is twice that of women (Wang 
et  al. 2002). There has been a steady decrease in 
this cancer’s incidence and fatality rates over the last 
century. In spite of declining incidence rates in most 
countries, physicians should anticipate an increase in 
gastric cancer incidence in the future because of an 
aging population. Improvements in living standards 
and economic advancement have led to the reduction 
of H.pylori incidence, the main risk factor of stomach 
malignancy (Vartiainen et  al. 2007). In high-preva-
lence places, for instance, Korea and Japan, screen-
ing programs have moreover driven considerable 
decreases in gastric cancer-related mortality (Chew 
and Gallo 2009; Gubbay et  al. 1990; Guan et  al. 
2014). A detected increment within the rate in more 
youthful individuals from high-pay countries recom-
mends an alteration in illness chance and the study of 
gastric cancer epidemiology. Future cancer preven-
tion and clinical research should take into account 
recent developments in gastric  cancer epidemiology 
(Sarkar and Hochedlinger 2013).

Colorectal cancers rank as the third most preva-
lent cancer globally (Schreiner et  al. 2020; Hansen 
et  al. 2013). Rectal cancer occurs more frequently 
than colon cancer, particularly in industrialized coun-
tries, where the ratio of colon to rectum cases is 2:1 
or higher, with a slightly higher incidence in females. 
By contrast, non-industrialized countries exhibit 
comparable rates of both forms of cancer. Annually, 
roughly 250,000 new colon cases are diagnosed in 
Europe, constituting approximately 9% of all malig-
nancies. With the advent of industrialization and 
urbanization, there has been a corresponding rise 
in the incidence of this malignancy. The prevalence 
of the described phenomenon has historically been 
greater in nations possessing higher levels of income, 
yet presently it is experiencing an escalation within 
middle and low-income countries. The prevalence of 
the aforementioned phenomenon in Africa and a sig-
nificant portion of Asia is still comparatively limited. 
The occurrence of the aforementioned phenomenon 
exhibits a marginal increase in the geographic regions 
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Table 1   miR-155 roles in GI Cancers

GI cancer Status of expression Role and effect of miR-155 Model Type of cell line Ref

Pancreatic cancer Up Targeting TP53INP1 In vitro BxPC-3, SW1990 Gironella et al. 2007)
Pancreatic cancer Up Targeting SOCS1, STAT3 

signaling pathway
In vitro Panc-1, Capan-2 Habbe et al. 2009)

Pancreatic cancer Up Targeting MLH1, TP53INP1 Human,
In vitro

Panc-1, Capan-1 LaConti et al. 2011)

Pancreatic cancer Up Targeting Foxo3a In vitro,
In vivo

T-Rex/K-Ras Yu et al. 2017a)

Pancreatic cancer Up Targeting EHF, Akt/NF-κB 
signaling

Human,
In vitro,
In vivo

Capan-1, CFPAC-1 (RRID: 
CVCL-1119), HPAC,

SU.86.86, SW199, Mouse PC 
cell line Pan02, HPC-Y5 

Ali et al. 2015)

Pancreatic cancer Up Targeting SHIP-1 In vitro,
In vivo

MiaPaCa-2, Panc02, UN-KC-
6141 

Husain et al. 2022)

Pancreatic cancer Up - Human,
In vitro

AsPC − 1, BxPC − 3, Mia 
PaCa − 2, PANC − 1, HPNE 

Wang and Gao 2021)

Pancreatic cancer Up Targeting TP53INP1 Human - Greither et al. 2010)
Pancreatic cancer Up Targeting TP53INP1 Human,

In vitro,
In vivo

MiaPaCa2, Capan2, 293T, 
MEFs, MCF7 

Tan et al. 2011)

Pancreatic cancer Up Targeting TP53INP1 Human - Wang et al. 2016)
Pancreatic cancer Up Targeting MLH1, hMSH2, 

hMSH6
Human,
In vivo

- Seux et al. 2011)

Pancreatic cancer Up Targeting STAT3 signaling 
pathway, SOCS1, MLH1, 
SEL1L

Human - Lin et al. 2015)

Pancreatic cancer Up Targeting SOCS1, MLH1 Human - Jung et al. 2015)
Pancreatic cancer Up Targeting BDNF, HIF-1a, 

BACH1
Human - Yu et al. 2012)

Pancreatic cancer Up - In vitro,
In vivo

BxPC3, PC3 Ren et al. 2012)

Pancreatic cancer Up Targeting CCND1, SMAD2 Human Lee et al. 2007)
Pancreatic cancer Up Targeting TP53INP1 In vitro,

In vivo
GFP- and TP53INP1-induci-

ble MiaPaCa-2, E1A/
RAS, V12 transformed MEF 

Ryu et al. 2010)

Pancreatic cancer Up - In vitro,
In vivo

SW1990 Wang et al. 2015)

Pancreatic cancer Up Targeting C-Jun, Smad4 In vitro MDA-MB-436, MCF-7, 293 
Flp-In T-Rex, Panc-1, MIA-
PaCa-2, BxPC3 

Liu et al. 2012a)

Pancreatic cancer Up - Human,
In vitro

HPDE, A38-41, A38-44, 
AsPC-1, BxPC-3, CAPAN-
1, CAPAN-2, CFPAC-1, 
HPAFII, Hs766T, Mia 
PACA-2, Pa01C, Pa02C, 
Pa03C, Pa07C, Pa08C, 
Pa09C, Pa14C, Pa16C, 
Pa18C, Pa20C, Pa21C, 
Pa28C, PANC-1, Panc486, 
PK8, PK9, PL11, Su86.86, 
SW1990 

Wang et al. 2009)

Pancreatic cancer Up - Human - Chen et al. 2013)
Pancreatic cancer Up - Human,

In vitro
Panc-1, HS766T, MIA 

PaCa-2, HPAF-II, BxPC-
3, Mpanc-96, PL45, 
Panc03.27, Panc10.05 

Popov et al. 2015)

Pancreatic cancer Up Targeting TP53INP1 Human - Bera et al. 2014)
Pancreatic cancer Up Targeting SOCS1, c-Jun, 

CK1α, MMP16, TP53INP1, 
CKAP5

Human - Rovithi et al. 2017)

Pancreatic cancer Up - Human - Bray et al. 2018)
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Table 1   (continued)

GI cancer Status of expression Role and effect of miR-155 Model Type of cell line Ref

Pancreatic cancer Up Targeting TP53INP1 Human - Hooi et al. 2017)
Pancreatic cancer Up Targeting TP53INP1, ROS, 

HIF1α activity
In vitro BxPC-3, CFPAC-1, SW1990, 

PANC-1, hTERT-HPNE 
Kim et al. 2018)

Pancreatic cancer Up Targeting TP53INP1, TGF-β Human - Hamashima et al. 2013)
Pancreatic cancer Up - Human,

In vitro
BxPC3-GZR, BxPC3, Capan-

2, AsPC-1, Panc-1 
Jun et al. 2017)

Pancreatic cancer Up Targeting CDA In vitro PDAC-1, PDAC-2, PDAC-3, 
PDAC-4 

Smyth et al. 2020)

Pancreatic cancer Same - Human - Xiang et al. 2017)
Gastric cancer Up Targeting SOX1 In vitro,

In vivo
SGC-7901, MGC-803 Zhong et al. 2018)

Gastric cancer Down Targeting MAP3K10 Human,
In vitro

AGS, SGC-7901, GES-1 Li et al. 2012)

Gastric cancer Up Targeting SMAD2 Human,
In vitro,
In vivo

GES-1-T cells, GES-1-N 
cells, MKN-28, SGC-7901, 
MGC-803, BGC-823 

Fassi Fehri et al. 2010)

Gastric cancer Up Targeting RKIP Human,
In vitro,
In vivo

BGC823, SGC7901, GES-1, 
U937 

He et al. 2020)

Gastric cancer Up Targeting TGFβR2 Human,
In vitro,
In vivo

SGC7901, MGC803 Park et al. 2015)

Gastric cancer Down - Human - Su et al. 2022)
Gastric cancer Down Targeting FGF7 Human,

In vitro
MKN-28, BGC-823, MGC-

803, SGC-7901, GES-1 
Shi et al. 2020b)

Gastric cancer Down Targeting SMAD2 In vitro MKN-45,
MKN-28, SGC-7901, NCI-

N87, AGS, GES-1, HEK 
293T 

Liu et al. 2019a)

Gastric cancer Down Targeting FBXO22 Human,
In vitro,
In vivo

BGC-823, MKN-45, AGS, 
HGC-27, GES-1 

Wang et al. 2018a)

Gastric cancer Not significant Targeting TP53INP1, 
FOXO3a

Human - Li et al. 2014)

Gastric cancer Up Targeting Claudin 1,
c-Myc,
Cyclin D1, Bcl-2, Caspase-3

Human,
In vitro

SGC7901, GES-1, MGC803, 
AGS 

Quante et al. 2011)

Gastric cancer Down Targeting Smad2, transcrip-
tion of IKK

In vitro GT38, GT39, SNU719, 
HGC27, SGC7901, BGC82 

Han et al. 2015)

Gastric cancer Down Targeting FLVCR1-AS1, 
c-Myc

Human,
In vitro,
In vivo

GES-1, AGS, MNK-45, 
MGC-803 

Cholewinski et al. 2022)

Gastric cancer Down Targeting NF-κB p65 In vitro mMSC, MFC Ma et al. 2020)
Gastric cancer Down Targeting SMAD2 Human,

In vitro
AGS, SGC-7901, MKN-45, 

MKN-28, MGC-803, BCG-
823, HGC-27, GES-1 

Liu et al. 2010)

Gastric cancer Up Targeting IL-6/STAT3 
pathway

In vitro,
In vivo

MKN45 Ma et al. 2016)

Gastric cancer Not significant - Human - Ou et al. 2019)
Gastric cancer Up Targeting TP53INP1, NF-

kappaB
Human - Sun et al. 2014)

Gastric cancer Down Targeting Cyclin D1 Human,
In vitro

AGS, MKN-28, MKN-45,
SGC-7901, GES-1, HEK293 

Santos et al. 2017)

Gastric cancer Up Targeting KLF4 Human,
In vitro,
In vivo

AGS, SGC‐7901, MGC‐803, 
GES‐1, HEK‐293T, SK‐
GT5 

Pang et al. 2018)

Gastric cancer Down Targeting c-Myc, SOX6, 
FGFR

Human,
In vitro

SGC-7901, HEK293 Cancer incidence in five conti-
nents 2002)

Gastric cancer Up Targeting MLH1, MSH2, 
MSH6

In vitro BG, AGS Ferlay 2004)
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Table 1   (continued)

GI cancer Status of expression Role and effect of miR-155 Model Type of cell line Ref

Gastric cancer Down Targeting uc.160 Human,
In vitro,
In vivo

SGC-7901, MGC-803, AGS, 
GES-1, HEK 293T 

Coleman et al. 2003)

Colorectal cancer Up Targeting RhoA In vitro HT-29 Emam et al. 2021)
Colorectal cancer Up Targeting HuR In vitro HT-29 Yu et al. 2017b)
Colorectal cancer Up Targeting QKI Human,

In vitro
SW480, COLO205, GES-1 Heydari et al. 2019)

Colorectal cancer Up Targeting FOXO3a, HIF-1α, 
ELK3

In vitro Caco-2 Cao et al. 2018)

Colorectal cancer Up Targeting TP53, AIFM1, 
Rb1, Caspase-9, Bax, Bcl2, 
mTOR, LC3A, KI-67, 
c-Myc, KRAS, β-catenin, 
BMI-1, BARCA-1, SOCS-1, 
MLH-1, MSH2

In vitro HepG II, Caco-2, MCF-7 Iannitti and Palmieri 2010)

Colorectal cancer Up Targeting CBL In vitro HCT-116 Gao et al. 2018)
Colorectal cancer Up Targeting PU.1, KRAS In vivo - Sebio et al. 2014)
Colorectal cancer Up - Human - Qu et al. 2015)
Colorectal cancer Up Targeting FOXO3, caspase 3 

activity
Human,
In vitro,
In vivo

HT29, SW620 Hongliang et al. 2014)

Colorectal cancer Up Targeting TP53INP1 Human,
In vitro

HT-29, HCT116 Tu et al. 2012)

Colorectal cancer Up - Human - Onyeagucha et al. 2013)
Colorectal cancer Up Targeting SHIP1, PI-3K-Akt 

pathway, PU.1
In vitro HCT116, HT-29, RAW264.7 Velázquez et al. 2016)

Colorectal cancer Up Targeting SOCS1, RhoA In vitro DLD-1, HEK-293T, LS174T, 
SW480 

La et al. 2019)

Colorectal cancer Up Targeting SOCS1, SOCS3, 
RPS6KA3, SGK3, RHEB, 
KRAS

Human,
In vivo

- Liu et al. 2018)

Colorectal cancer Up Targeting MDR1 In vitro,
In vivo

DLD1,
HCT-116 

Wang et al. 2010)

Colorectal cancer Up Targeting Wnt/β-catenin Human,
In vitro

SW-480, SGC-7901 Kapral et al. 2019)

Colorectal cancer Up Targeting NR2C2 In vitro HT-29 Pathak et al. 2015)
Colorectal cancer Up Targeting NF-κB In vitro HCT116, KM12C, KM12L4a Chen et al. 2014)
Colorectal cancer Up Targeting FOXO3a Human - El-Daly et al. 2019)
Colorectal cancer Up Targeting SOCS1 In vivo - Bakirtzi et al. 2011)
Colorectal cancer Up Targeting SOCS1 Human,

In vitro,
In vivo

NCM460 Olivo-Marston et al. 2014)

Colorectal cancer Up - In vivo - He et al. 2012)
Colorectal cancer Up Targeting hMLH1 Human,

In vitro
COLO205, SW480, MCF-7 Zhang et al. 2011)

Colorectal cancer Up Targeting SOCS1 In vitro,
In vivo

HT29 Jiang et al. 2016)

Colorectal cancer Up Targeting SOCS1 In vitro,
In vivo

RAW264.7, HEK-293T, 
U2OS, CT26 

Mönig et al. 2018)

BDNF: Brain-derived neurotrophic factor; CKAP5: cytoskeleton associated protein 5; CCND1: Cyclin D1; ESE: Epithelial-specific 
expression; FBXO22: F-box protein 22; FGF7: Fibroblast growth factor 7; GATA3: GATA binding protein 3; FOXO3: Forkhead 
box protein O3; HIF-1a: Hypoxia-inducible factor 1-alpha; IKK: IkappaB Kinase; IL: Interleukin; KLF4: KLF transcription factor 
4; MAP3K10: Mitogen-Activated Protein Kinase Kinase Kinase 10; MLH1: MutL Homolog 1; NF-κB: Nuclear factor kappa-light-
chain-enhancer of activated B cells; PEBP1: Phosphatidylethanolamine binding protein 1; ROS1: ROS proto-oncogene 1; SOCS1: 
Suppressor of cytokine signaling 1; SOX: SRY-related HMG-box; TGF-β: transforming growth factor beta 1; TP53INP1: Tumor 
protein p53-inducible nuclear protein 1; STAT: Signal transducer and activator of transcription; ZC3H12B: Zinc Finger CCCH-Type 
Containing 12B
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of Western and Northern Europe, as compared to the 
regions of Southern and Eastern Europe. Europe, 
North America, and Australia comprise additional 
regions of increased susceptibility. Asia, Africa, and 
Central and South America are regions that exhibit a 
significantly low level of risk (Hansen et al. 2013).

Most esophagus malignancies are histologically 
divided into two main categories: squamous cell car-
cinoma (SCC) and adenocarcinoma (ADCA). In the 
United States, the incidence of one type of carci-
noma has declined by less than 30% in recent thirty 
years, whereas the rate of another sort has risen by 
over 60% (Schlottmann et  al. 2018; Takeuchi et  al. 
2018; Sah et  al. 2019). Familial Barrett’s esophagus 
tends to be related to uncommon, hereditary domi-
nant susceptibility alleles that follow an autosomal 
inheritance pattern. Its diagnosis should be consid-
ered in patients diagnosed with esophageal or gas-
troesophageal junction (GEJ) adenocarcinoma. Spe-
cifically, in Caucasian men over 40 years old and with 
a record of gastroesophageal reflux disease (GERD), 
this consideration may be more appropriate. Adopt 
a regimen abundant in fruits, grains, and vegetables, 
and include folate, proton-pump inhibitors, vitamin 
C, and NSAIDs. It’s essential to consider that while 
these factors may reduce the risk of Barrett’s esopha-
gus and, consequently, esophageal malignancy, none 
have yet been validated as effective preventive inter-
ventions. In spite of these correlations, none of these 
measures have been validated as preventive interven-
tions thus far (Tramontano et  al. 2018; Cheng et  al. 
2018). Esophageal cancer is among the most preva-
lent gastroenterological cancers, with over 16,000 
cases identified annually in the USA. Globally, they 
are the top sixth prevalent sort of malignancies. The 
"esophageal cancer belt," which refers to the region 
most at risk, includes parts of northern China, the 
south of Russia, the north of Iran, and Central Asian 
countries. Ninety percent of cases in this area are 
squamous cell carcinomas (Solinas et al. 2009).

Mechanisms of action

Tumor-associated macrophages (TAMs) are a prev-
alent subset of inflammatory cells located in the 
hypoxic regions of various tumors (Martinez et  al. 
2008). Tumor-associated macrophages (TAMs) have 
been confirmed to differentiate into the M2 form of 
macrophages in the microenvironment of tumors. 

Two distinct subtypes of macrophages can be iden-
tified within the population: M1 macrophages, pro-
inflammatory type, and M2 macrophages, immu-
nomodulatory type. Tumor-associated macrophages 
(TAMs) have been revealed to promote angiogenesis 
linked to cancer progression, accelerate the multiply-
ing of cancer cells, and improve cancer migration and 
invasion (Cai et al. 2012; Zhang et al. 2014). As such, 
it is imperative to acknowledge TAMs as a crucial 
immunological cell target in the inhibition of esopha-
geal cancer advancement and promotion.

Based on current studies, the induction of miR155 
has been observed to mitigate the generation of 
cytokines in tumor-associated macrophages (TAMs) 
and shift the polarization of M2 TAMs towards M1 
type (Zhou et al. 2013). Nevertheless, the exact func-
tion of miR-155 in TAMs derived from endometrial 
cancer (EC) remains unclear. Fibroblast growth fac-
tor-2 (FGF2), a member of the fibroblast growth 
factor family, promotes the growth and maturing of 
various cell categories, including fibroblasts and neo-
plastic cells (Nillesen et al. 2007). FGF2 is a funda-
mental molecule for signaling that has been revealed 
to be involved in initiating tumor generating new ves-
sels (Donnem et al. 2012). Earlier studies have estab-
lished that miR-155 controls the production of FGF2, 
influencing angiogenesis in non-small cell lung tumor 
(Wang et  al. 2018b). Recent studies offer limited 
insight into the extent to which miR-155 can con-
trol FGF2 in TAMs derived from endometrial cancer 
(EC).

A 145 kDa protein called SHIP-1 controls the 
function of macrophages (Sly et al. 2007; Hibbs et al. 
2018; Hamilton et  al. 2011; Ghansah et  al. 1950). 
Extrinsic soluble components including microen-
vironmental chemokines and cytokines influence 
the SHIP-1 in immune cells expression (Kalesnikoff 
et  al. 2003). As demonstrated by us and others, In 
SHIP-1 knockout (KO) mice, the development of M2 
macrophages. These macrophages modulate immune 
system and are favorable for tumor progression and 
has been noticeably increased, indicating the part 
SHIP-1 plays in controlling macrophage polarization 
(Ghansah et  al. 1950; Rauh et  al. 2005; Villalobos-
Ayala et al. 2020). Furthermore, inhibition of SHIP-1 
protein from translation and an upsurge in cancer bur-
den are correlated with the growth of MDSC in PC-
infected mice (Ghansah 2012; Pilon-Thomas et  al. 
2011). It has therefore been suggested that inhibiting 
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the synthesis of miR-155 may stimulate the increase 
of SHIP-1 production, restore M-MDSC homeostasis, 
enhance the tumor-eradicating ability of M1-TAMs, 
and strengthen the immune system’s capacity to com-
bat pancreatic cancer.

A crucial component of cell division, migration, 
apoptosis, and multiplication is MRTF-A, also known 
as MKL1 (Zhou et al. 2014). Serum response factor 
(SRF) coactivator MRTF-A is expressed in different 
organs (Wang et  al. 2008). To initiate transcription, 
the MRTF-A-SRF complex attaches to the CArG box 
on the specific gene’s promoter located within the 
nucleus (Yin et al. 2020; Song et al. 2016; Rad et al. 
2016; Rudin et  al. 2012; Mathews et  al. 2010). The 
translation factor family known as the Y (SRY)-box 
(SOX) protein family includes a very preserved high 
mobility group (HMG) DNA binding region (Rudin 
et al. 2012). The SOX family members are crucial for 
either fetal and postnatal growth, as well as for the 
regulation of stem cells (Yin et al. 2020; Song et al. 
2016; Rad et al. 2016). Moreover, many family mem-
bers of the SOX are involved in the advancement of 
cancer (Wilusz and Sharp 2013; Salzman et al. 2013; 
Jeck et al. 2013; Li et al. 2015a; Memczak et al. 2013; 
Vo et al. 2019).

Recent findings have revealed that changes in 
miR-155 levels are associated with various signal-
ing pathways. As a consequence, miR-155 was rec-
ognized as a possible target for cancer therapy at the 
molecular stage (Moutabian et  al. 2023). The levels 
of miR-155 expression differ among various types of 
cells and environmental conditions within tissues. Its 
activity is also influenced by several pathways, which 
work together to respond to signals within the cells. 
Various binding sites for transcription factors were 
recognized until now, including NF-κB, SMAD4, 
ISRE, IRF, and AP-1. Additionally, there are two 
Ets locations for binding in the transcription start 
site, two Foxp3 binding sites in intron 2, and three 
hypoxia-inducible factor-1 alpha binding sites in the 
gene’s promoter Sect.   (Mahesh and Biswas 2019). 
Several signaling pathways have a role in regulat-
ing the expression of miR-155, including its activa-
tion or inhibition by various regulatory cytokines like 
TGF-β. The anti-inflammatory protein IRF3 reduces 
the amounts of miR-155-5p and miR-155-3p. Typi-
cally, IL-10 reduces miR-155 levels by preventing the 
Ets2 transcription factor (Mahesh and Biswas 2019). 
Yin et  al. have shown that the physical interaction 

between MRTF-A and miR-155 is linked to the trig-
gering of the Wnt-β-catenin pathway, the involvement 
of RNA polymerase II, and an upsurge in histone 
acetylation (Zhong et  al. 2018). MiR-155 stimulates 
the malignant behaviors of cancerous cells by target-
ing the 3′UTR to reduce SOX1 production, in both 
in vitro and animal models. Uncovering the MRTF-A/
miR-155/SOX1 signaling pathway has resulted in the 
formulation of hypotheses regarding the origins and 
incidence of GC. Real-time PCR has established the 
production of miR-155 following plasmid and siRNA 
transfection with MRTF-A encoding. Yin et  al. 
reported that MRTF-A interacts with the promoter 
of miR-155, subsequently recruiting the Wnt-β-
catenin pathway to activate RNA Pol II and enhance 
histone acetylation (Zhong et al. 2018). By targeting 
the 3′UTR, miR-155 downregulates SOX1 expres-
sion both in cell lines and in animal models, thereby 
promoting the relocation of gastric tumor cells. The 
discovery of the MRTF-A/miR-155/SOX1 signaling 
pathway offers novel visions into the development 
and prevalence of gastric malignancy. Real-time PCR 
has revealed that miR-155 is expressed after plasmid 
and siRNA transfection with MRTF-A encoding. The 
Wnt/β-catenin signaling pathway has a vital role in 
cellular homeostasis by controlling numerous pro-
cedures. It is the key for promoting the cell cycle, 
reversing organ damage, driving embryonic devel-
opment, and initiating as well as progressing various 
benign and malignant tumors (Liu et  al. 2018; He 
et al. 2015; Al-Haidari et al. 2018; Al-Haidari et al. 
2017).

Liu et al. investigate the impact of miR-155 on the 
Wnt/β-catenin pathway and the invasive capability of 
SW-480 colorectal cancer (CRC) cells. Their aim is 
to provide a comprehensive empirical basis for under-
standing the pathogenesis and developmental mecha-
nisms associated with distant invasion and metastasis 
in colorectal cancer. This investigation substantially 
advanced current understanding by providing criti-
cal experimental evidence (Kapral et  al. 2019). In 
the present study, RT-PCR was utilized to quantify 
miR-155 amounts in both colorectal cancer (CRC) 
tissues and the nearby normal tissues. The primary 
factor contributing to the increased invasive potential 
of colon tumor cells is the transcriptional control of 
β-catenin by miR-155. This effect can be related to 
the upregulation of β-catenin. Therefore, β-catenin 
and miR-155 offer distinct possibility as innovative 
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investigative and treatment tools for addressing 
malignant tumor metastasis (Kapral et al. 2019).

Wang and colleagues observed that miR-155 
amounts were meaningfully upper in tissues affected 
by colorectal cancer. Loss-of-function investigations 
showed that the absence of miR-155 significantly 
diminished the proliferation, attack, and movement 
abilities of CRC cells. Furthermore, a screening pro-
cess identified the downstream target genes influ-
enced by miR-155. In CRC cells, it was observed 
that miR-155 directly binds to FOXO3a, resulting in 
decreased FOXO3a expression. FOXO3a levels were 
reduced in colorectal cancer tissues and presented 
an inverse relationship with miR-155 expression in 
these tissues. Increasing FOXO3a levels in cells inde-
pendently hindered the multiplying, movement, and 
attack of colorectal cancer cells. Moreover, experi-
ments designed to rescue the cells from their cur-
rent state demonstrated that the silencing of FOXO3a 
greatly countered the downregulating effect of miR-
155 depletion on the aggressive actions of CRC cells. 
In summary, it has been determined that miR-155 has 
a significant function in promoting malignant charac-
teristics of colorectal cancer cells e.g. increased cell 
growth, movement, and invasion. This is achieved by 
manipulating FOXO3a. These findings offer potential 
insights for developing targeted treatments for CRC 
(Wang et al. 2017).

CagA, an essential virulence factor of Hp, func-
tions in the growth of tumor by contributing to its car-
cinogenesis. The abnormal production of miR-155-5p 
has been seen in individuals diagnosed with GC, thus 
showing a clear connection to the start and develop-
ment of cancer. There is limited knowledge about the 
connection between CagA and miR-155-5p. In their 
study, Wu and colleagues discovered a substantial 
reduction in the presence of miR-155-5p in GC cells, 
and this decrease was even more significant following 
CagA induction. Both the cells with elevated levels of 
CagA and those with reduced levels of miR-155-5p 
exhibited an increased ability to undergo malignant 
transformation, while the cells with increased lev-
els of miR-155-5p showed a suppressed ability to 
undergo malignant transformation when tested in 
laboratory settings. The impact of CagA may alter 
the act of miR-155-5p in GC cells. In addition, it was 
determined that the regulation of SMAD2 and SP1 by 
miR-155-5p may also be affected by CagA (Wu et al. 
2022).

Pharmacologic inhibitors of miRNA‑155 in GI 
cancers

Sulfuraphane

Sulforaphane is a natural isothiocyanate that exists 
richly due to epidemiological studies, in crucifer-
ous vegetables including  broccoli, have received a 
lot of interest in oncology. They proved that eating 
many sulforaphane-containing Brassicaceae veg-
etables could reduce the likelihood of getting certain 
cancers, including PC (Herr et  al. 1946). Treatment 
resistance in PC has previously been demonstrated to 
be overcome by purified sulforaphane, both in  vivo 
and in  vitro, with outcomes comparable to those 
observed in individuals with prostate tumor (Kallifa-
tidis et  al. 2009; Kallifatidis et  al. 2011) and breast 
tumor (Li et  al. 2010; Burnett et  al. 2017). In the 
meantime, 20 men with prostate cancer recurrence 
participated in a phase II clinical trial and it recom-
mended Sulforaphane-rich bud extract had a negative 
impact on PSA expression, a prostate-specific tumor 
growth marker (Alumkal et al. 2015). In spite of these 
hopeful outcomes, the immunoregulatory effects of 
sulforaphane stay mainly unidentified. Immuneocti-
vating and immunosuppressive properties have been 
reported in limited research in numerous diseases and 
in vitro models. That is of the highest connection due 
to the proportion of immune suppression to immu-
nological activation having a vital function in cancer 
therapy. Although sulforaphane-enriched dietary sup-
plements can also aid in the management of individu-
als suffering from cancer, their ability to regulate the 
immune system is still up for debate (Park et al. 1950) 
and necessitates more clarification. Dendritic cells 
(DCs) have critical function in both initiation and 
development of immune response through recruit-
ment of both general and specialized immunity, are a 
significant component of immunological activation. 
In inflammatory situations such as tumors, the uptake 
of antigens is specifically mediated by DCs, nota-
bly through those that are differentiated from blood-
selected monocytes. DCs proceeded to activate the 
cell, aiming to eliminate the tumor, thereby inducing 
a strong anti-tumor response (Melillo et al. 1950).

DC cells’ maximum ability to activate T cells 
is jointly focused on a variety of surface regula-
tory molecules  that send out inhibitory signals. The 
structurally similar glycoproteins  CD86 (B7-2) and 
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CD80 (B7-1) are the main stimulatory molecules that 
increase the activating signaling of T cells (Smyth 
et  al. 2015). CD83 membrane-bound, an indica-
tor of DC maturation in the peripheral blood, has as 
well potentially stimulant capability. The immuno-
logical checkpoint molecule B7-H1 (CD274, PD-L1), 
which is present on the surface of DCs, is an impor-
tant glycoprotein that suppresses the immune system 
and maintains autophagy. Immune response is also 
controlled partially through this protein (Dunand-
Sauthier et al. 2011). But B7-H1 expression may be 
counterproductive in cancer (Zhou et al. 2010), as it 
reduces the excitability of DCs (Chen et  al. 2005). 
Many signaling pathways have been explained to 
regulate the expression of monitoring molecules and 
the properties of DCs that activate them. The Janus 
family of tyrosine kinases (JAKs), and the family 
of signal transducers and transcriptional activators 
(STAT), organize an important signaling pathway 
that decreases DC activation potential, as well as in 
malignancies (Waddell et al. 2015). In particular, DC 
function needs to be inhibited by STAT3 activation 
(Katsanos et al. 2022), and increased immunological 
activity is displayed by STAT3-deficient DCs (Mann 
et al. 2000).

MicroRNAs are important in DC homeostasis as 
they regulates growth, maturation, expression of sur-
face molecules, and cytokine release during the gene 
regulation stage (Arneth 2018). When DC stimula-
tion was utilized to activate other functional miRNAs 
also discovered in DCs, miR-155 stood out as being 
especially significant because it was discovered to 
upregulate maturation markers and expression of var-
ious pro-inflammatory biomarkers (Valadi et al. 2007; 
Baradaran et al. 2019).

Wang et  al. looked for the immunomodulatory 
influences of sulforaphane only in humans DC and 
in the existence of tumor antigens, along with the 
fundamental mechanisms of molecules (Wang et  al. 
2022; Kim et al. 2021). Human DC treated with sul-
foraphane produced a range of cytokines during their 
in  vitro development, and the regulatory molecules 
levels were evaluated using flow cytometry. T cell 
increase and CD25 production have been used to fur-
ther analyze the T cell response. DC cells were com-
bined with cancer antigens derived from PC in order 
to validate the findings. The microRNA signaling 
pathway and DCs treated with sulforaphane were elu-
cidated using different methods such as Western blot 

analysis, microRNA collection, dampen of different 
signaling pathways, and bioinformatics analysis. By 
regulating the production of inhibitory B7-H1 mol-
ecules and excitatory CD83 and CD80 molecules on 
DCs, sulforaphane promotes T-cell activation. Effi-
cacy was shown in the existence of pancreatic cancer 
antigens. Sulforaphane lowers intracellular STAT3 
phosphorylation in DCs, and JAK/STAT3 inhibition 
lowers B7-H1 expression. MiR-155-5p inhibition 
has substantial effects on the homologous promot-
ers expression, while miR-194-5p induction targets 
the B7-H1 gene and is one of the top 100 identified 
major microRNA contenders. According to their find-
ings, sulforaphane increases T-cell activation through 
DCs through JAK/STAT3 signaling pathway and 
microRNA, in addition to through the modification of 
controlling molecules in the nonexistence of derived 
antigens and in conditions typical of PC. They looked 
into sulforaphane’s immunomodulatory effects and 
advocated for more study on dietary interventions in 
conjunction with concurrent cancer treatment (Wang 
et al. 2022; Kim et al. 2021).

Resveratrol

Resveratrol (Res), a natural polyphenolic composite 
found abundantly in many types of dietary foods and 
herbs, was demonstrated to possess potent anticancer 
properties these years. Studies reported the critical 
role of Res on cancer progression and metastasis in 
diverse kinds of cancer (Spaeth et al. 2008). Accord-
ingly, it can be postulated that Res can be considered 
as a promising treatment or preventative medication 
for cancerous conditions (Yi and Song 2012). Addi-
tionally, some researches have demonstrated that Res 
displays its antineoplastic impact through the regu-
lation of microRNAs (miRNAs) expression. As an 
illustration, The investigation carried out by Sheth 
et  al. (Greco and Rameshwar 2012) indicated that 
prostate cancer cell growth and metastasis inhibition 
was facilitated via Res, which acted by regulating the 
expression of miRNA-21.

Studies have discovered an aberrant existence of 
miR-155-5p in diverse malignancies such as malig-
nancies of breast, lung, and cervical regions, indi-
cating a positive correlation with a poor progno-
sis (Klopp et  al. 2007; Kidd et  al. 2009; Rutkowski 
et  al. 2015). The present literature does not provide 
a conclusive understanding regarding the possible 
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upregulation of miR-155-5p in gastric tumor, or the 
extent to which Res may modulate miR-155-5p trans-
lation in stomach malignancies as a means of imped-
ing tumor advancement. The current study examined 
the role that miR-155-5p plays in gastric malignancy 
as well as the effectiveness of Res in modifying the 
miR-155-5p transcription. Finding a new treatment 
target for this illness’s treatment was the goal.

Apigenin

Numerous researches have recommended that gas-
trointestinal cancers such as PC can be prevented by 
increased consumption of dietary fruits, cereal grains 
and vegetables (Brandt and Goldbohm 2006; Taylor 
and Greenwald 2005; Silverman et al. 1998). In view 
of the increase in cancer cases, the anticancer effects 
of bioflavonoids, which are organic substances like 
apigenin (API), were investigated both in cell lines 
and in animal studies. Different malignancies such as 
lung, prostate, liver, breast, melanoma, prostate can-
cer, and osteosarcoma were evaluated through these 
studies (Villalobos-Ayala et  al. 2020; Ujiki et  al. 
2006; Ashrafizadeh et  al. 2020; Angulo et  al. 2017; 
Zhao et  al. 2017; Lee et  al. 2014; Pan et  al. 2013; 
Shukla et  al. 2014; Qin et  al. 2016; Perrott et  al. 
2017). Initiation of cell cycle arrest in autophagy is a 
consequence of induction of apoptosis by API. Addi-
tionally, API may reduce the motility of malignant 
cells, preventing cancer metastasis and incursion by 
controlling the molecular routes of NF-κB, p53, Wnt/
β-catenin, JAK/STAT, MAPK/ERK, and PI3K/AKT 
(Ahmed et al. 2021; Yan et al. 2017). The ability of 
API to fight cancer and reduce gemcitabine resistance 
has been demonstrated (A chemotherapy medicine 
consumed for PC) within human PC cell lines (John-
son and Gonzalez de Mejia 2013). Additionally, both 
p53-dependent and p53-independent methods have 
been shown to be used by API to cause apoptosis 
(Jang et  al. 2022). API causes apoptosis to be acti-
vated includes pathways in cancer cells that are both 
intrinsic and extrinsic (Chen et al. 2016; Oishi et al. 
2013). Caspases 3–9, apoptosis related proteins such 
as Bax, Bad, Bim, Bak, Bid, XIAP, Bcl–xL, Mcl-1, 
and Bcl-2, along with other signaling pathways like 
m-TOR/PI3K/AKT, STAT3, p53, p21, and p27, as 
well as NF-B, Jun, FOXO3a, AIF, DR5, ERK/JNK/
p38 MAPK, Noxa, Smac, Survivin, PUMA, FAS, 
and TRAIL are among the targets of apoptosis that 

API targets (Jang et al. 2022). It has been shown that 
API is the most efficient way to destroy cancer cells 
while sparing healthy cells (Shukla and Gupta 2010). 
According to some research, mice treated with a vehi-
cle did not have the same tumor loads, better immune 
activation against malignancy and decreased death as 
mice with PCs (Villalobos-Ayala et al. 2020; Nelson 
et al. 2017).

In the bone marrow (BM) of PC-affected mice, 
Husain et al. report that API inhibits miRNA-155 to 
regulate SHIP-1 transcription, which affects the TME 
and anti-tumor immune response (Husain et al. 2022). 
They found that API boosted SHIP-1 expression and 
decreased miRNA-155 when PC was present. In 
the TME of heterotopic, orthotopic, and transgenic 
SHIP-1 deletion preclinical mouse models of PC, this 
promoted anti-tumor immune responses and helped 
restore myelopoiesis. According to the researchers’ 
findings, PC healing interventions and enhancing 
anti-cancer immune responses can benefit from miR-
155-based SHIP-1 manipulation (Husain et al. 2022).

Exopolysaccharides

Exopolysaccharides (EPSs) represent a diverse col-
lection of biologically synthesized, natural heteroge-
neous sugar polymers, which can either be weakly 
attached to cellular surfaces or released into the sur-
rounding habitat by a plethora of organisms (Uccello 
et al. 2012).

The antitumor properties of EPSs created by Lac-
tobacillus strain have been the subject of numerous 
investigations. Different factors influence on this phe-
nomenon, including the branching points, molecular 
weight, side chain and backbone structures of the 
polymers, and the composition of the monosaccha-
rides. Existing research suggests that the branching 
sites and mannose and glucose residues inside the 
repeating units of EPS structures play a major role in 
enhancing their antitumor properties (Hotel and Cor-
doba 2001). The precise biological mechanisms by 
EPSs facilitate their antitumor properties have yet to 
be clearly elucidated.

Emam et  al. investigate a hypothesis concerning 
the potential role of EPS in promoting its anti-tum-
origenic effect by means of controlling the miR-155 
expression and its related pathways (Iannitti and 
Palmieri 2010). The current research elucidated the 
miR-155 expression profile and a cohort of targeted 
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genes via the utilization of real-time PCR. The 
researchers were able to successfully extract and 
purify an exopolysaccharide exhibiting significant 
cytotoxicity towards various malignancy derived 
cell lines including MCF-7, HepG II, and Caco-2, as 
stated in their study. The investigation revealed the 
inhibitory role of EPSs on the carcinogenic miR-155. 
Collectively, this study provides important insights 
into the biological pathways that mediate the effects 
of extracellular polymer suspensions (EPSs) and clar-
ifies a different prospective mechanism of the anti-
tumorigenic capability of EPSs in cancerous cells. 
Additionally, this finding creates opportunities for 
the development of novel cancer treatments, specifi-
cally those targeting miRNA through the use of anti-
miRNA therapeutics (Iannitti and Palmieri 2010).

Probiotics

The typical gastrointestinal microflora is composed 
of distinct species that become established under 
specific conditions. Several environmental factors, 
including probiotics, have been reported to modify 
the gut microflora configuration and elicit advanta-
geous effects on the host (Grajek et al. 2005; Quigley 
2010). Several studies have shown that the ingestion 
of probiotics yields efficacy in a variety of illnesses’ 
therapy, such as gastroenteritis, genitourinary infec-
tions, and cancers, (Khavari-Daneshvar et  al. 2017; 
Agah et al. 2019; Singh et al. 1997; Ranji et al. 2015). 
Probiotic bacteria Bifidobacterium bifidum (B. bifi-
dum) and Lactobacillus acidophilus (L. acidophi-
lus) have been shown in previous research to have 
optimistic effects on individuals health. This study 
examines the effectiveness of probiotics containing 
Bifidobacterium bifidum in preventing colon cancer 
caused by azoxymethane (AOM) (Kreuzer-Redmer 
et  al. 2016; Ohland and Macnaughton 2010). The 
viability and sustainability of the probiotics have 
been assessed within the gut microbiota at the initial 
and final phases of probiotic supplementation (Schet-
ter and Harris 2009). Evaluation of specific tumor 
factors and critical immunity—specifically, T cells 
and cytokines—associated with colon cancer is very 
important (Kreuzer-Redmer et  al. 2016). Hydrogen 
peroxide and bacteriocins, two antimicrobial agents, 
are among the several useful compounds produced by 
probiotics which made them beneficial for gastroin-
testinal tract (Heydari et  al. 2019). Here, the effects 

of butyrate, a short-chain fatty acid, are shown to dra-
matically change the expression of the genetic code 
that codes for the synthesis of microRNAs and pro-
teins. Probiotics may have a molecular mechanism 
through miRNAs (Ashihara et  al. 2015), which are 
important in homeostasis along with pathological 
processes (Rosenbluh et al. 2014). Previous research 
has suggested as much.

Hence, an enhanced comprehension of the impact 
of probiotics on microRNAs implicated in colorectal 
carcinoma and their effector gene signaling pathways 
(e.g., PTEN, APC, KRAS, and PU.1) could poten-
tially expedite the advancement of probiotic-centered 
protocols for the management and prevention of CRC 
(Rossini et al. 2013).

After induction of CRC in mouse by azoxymeth-
ane (AOM, Heydari et  al. discovered the effects of 
probiotic administration, specifically Lactobacillus 
acidophilus and Bifidobacterium bifidum, on the reg-
ulation of microRNAs 26b, 135b, 18a, and 155, along 
with the modulation of their target proteins, like 
PTEN, APC, KRAS, and PU.1. (Sebio et al. 2014). A 
total of 38 male BALB/c mice have been subjected to 
random allocation into four distinct groups, compris-
ing of control, AOM, Bifidobacterium bifidum, and 
Lactobacillus acidophilus. This was aimed at investi-
gating the probiotics’ influence on miRNAs and their 
corresponding specific genes. Excluding the control 
group, each group was administered AOM (15 mg/
kg, s.c) every week for three following weeks to cause 
mice to develop colon cancer. The test subjects have 
been administered 1.5 g of L powder. Co-culture of 
acidophilus and Bifidobacterium species at a con-
centration of 1 × 10^9 cfu/g was investigated in this 
study. The bifidobacterium bifidum strain was admin-
istered at a concentration of 1 × 109 colony-forming 
units per gram in 30 cubic centimeters of drinking 
water to the relevant groups for a duration of five 
months. Upon completing the study, the subjects were 
humanely euthanized, and biological specimens con-
sisting of colon and blood tissue samples have been 
extracted to be used in upcoming molecular analyses. 
The results of this investigation show that the AOM 
cohort had substantial higher levels of miR-155, miR-
135b, and KRAS than the control group. This was 
demonstrated by a notable upsurge in the expression 
patterns of these molecules in the colonic plasma and 
tissue specimens. Conversely, the administration of 
probiotics resulted in an inhibition of these molecular 
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markers translation. Furthermore, the AOM-treated 
group exhibited a reduction in the expressions of 
miR-26b, miR-18a, pu.1, apc, and pten relative to 
the control group. Conversely, supplementation with 
probiotics significantly increased the expressions of 
the mentioned genes. Current research indicates that 
by upregulating tumor downregulating miRNAs and 
their specific target genes while reducinng oncogenes, 
Bifidobacterium bifidum and Lactobacillus acidophi-
lus may improve the outcome of CRC (Sebio et  al. 
2014).

Zhang and colleagues analyzed the effects of 
administering Bifidobacterium triplex viable cap-
sules before and after surgery on the levels of miR-
155-5p in the blood of individuals with colorectal 
cancer. The objective of this research is to establish 
a basis for further investigation into the effectiveness 
of Bifidobacterium triplex live capsules in promoting 
healing after surgery among individuals with CRC. It 
was discovered that undergoing a significant surgical 
procedure decreases the levels of miR-155-5p in the 
blood serum of individuals with colorectal cancer. 
The utilization of Bifidobacterium triplex live cap-
sules plays a crucial role in promoting faster healing 
after major CRC surgery, and the principal machinery 
may include the control of serum miR-155-5p levels. 
(Zhang et al. 2024).

Berberine

Berberine has been deemed suitable for addressing 
intestinal infections and diarrhea, and scientific evi-
dence indicates its capacity to alleviate inflammation 
and combat tumors in diseased intestinal tissuesDe-
spite evidence of the anti-inflammatory properties of 
berberine, it is still uncertain if this is a contributing 
factor to its efficacy in treating colitis-associated colo-
rectal cancer (CACThe study conducted by Ling and 
colleagues presented that the amounts of miR-155-5p 
was decreased and the expression of suppressor of 
cytokine signaling 1 (SOCS1) was increased in cells 
treated with berberine. Significantly, the miR-155-5p 
inhibitor greatly reduced the impact of berberine on 
the SOCS1 pathway and the polarity of macrophages. 
In summary, their discoveries indicate that the sup-
pressive impact of berberine on the growth of CAC 
is reliant on its ability to reduce inflammation. In 
addition, it is suggested that miR-155-5p may func-
tion in the improvement of CAC by controlling the 

polarization of M1 macrophages. In this regard, ber-
berine shows potential as a protective agent against 
CAC triggered by miR-155-5p. The research offers 
a fresh perspective on the pharmacological actions 
of berberine and suggests that utilizing other medi-
cations targeting anti-miR-155-5p could potentially 
have positive effects on managing CAC (Ling et  al. 
2023).

miRNA‑155 and circular RNAs in GI cancer

Circular RNAs,or circRNAs for short, are a novel 
class of RNA which attract scientists attention 
recently. They are closed in a circle and lack spe-
cific ends, due to their circular structure as linear 
RNAs are known as 5′ caps and 3′ poly (A) tails 
(Elton et  al. 2013; Liang et  al. 2019; Liang et  al. 
2019). CircRNAs are very stable due to their circu-
lar structure. Studies showed the specific expres-
sion of these molecules in particular cells or tissues, 
distributed throughout the body, and contained in 
exosomes and plasma (Mycko et al. 2012; Oertli et al. 
1950; Murugaiyan et  al. 1950). According to recent 
research, circRNA—a particular type of RNA—func-
tions in both healthy bodily processes and illnesses 
like cancer. CircRNAs could be really good markers 
for cancers, and could help figure out what might be 
causing them. It has recently been discovered by sci-
entists that circRNAs are acting as sponges for miR-
NAs to regulate transcription and react to microR-
NAs, or miRNA response elements (MREs). This is 
vital for the enlargement and spread of tumors (Xiao 
et al. 2009). Although investigations have shown that 
hsa_circ_0000592 and hsa_circ_006100 function 
in causing stomach tumors, more research is needed 
to understand how circular RNAs contribute to the 
development of GC caused by environmental factors.

Niu et  al. found a new circRNA, called hsa_
circ_0001829 that was more dynamic in human stom-
ach cells that had ended up cancerous due to chemical 
introduction. They utilized a strategy called RNA-seq 
to identify this modern circRNA (Fassi Fehri et  al. 
2010). The researchers tried the GC cells and tissues 
to see how much hsa_circ_0001829 was display uti-
lizing qRT-PCR and ISH measures. They tried the 
parts of hsa_circ_0001829 in GC by doing tests to 
see what happens when they increment or diminish 
its action. Researchers utilized computer expectation 
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and a test called the luciferase test to consider how 
hsa_circ_0001829 might work. Subsequently, animal 
experiments showed the role of hsa_circ_0001829 
in their bodies by considering the start and advance-
ment of cancer. They found that both GC tissue and 
cell lines exhibit a noticeable expansion of hsa_
circ_0001829. According to tests, hsa_circ_0001829 
increases the growth, migration, and assault of stom-
ach cancer cells. Because hsa_circ_0001829 affects 
both the regulation of apoptosis rates and the pro-
gression of the cell cycle, it may have an impact on 
the increase of gastric tumor cells. Furthermore, the 
employment of bioinformatic prediction techniques 
and subsequent luciferase-based assays have revealed 
that hsa_circ_0001829 exerts its mode of action 
serving as miR-155-5p’s molecular sponge, and 
that SMAD2 serves as a prime target gene for miR-
155-5p. Additionally, hsa_circ_0001829 effectively 
sequesters miR-155-5p, and modulates production 
of SMAD2 to regulate the GC promotion as a result 
of the miR-155-5p-SMAD2 pathway. In conclusion, 
the repression of the hsa_circ_0001829 gene expres-
sion effectively impeded neoplastic proliferation and 
potency within an in  vivo setting. Collectively, the 
outcomes of their research have primarily exhibited 
that hsa_circ_0001829 has a novel oncogenic role in 
the development of stomach cancer via the miR-155-
5p-SMAD2 axis. Furthermore, their research identi-
fies possible treatment targets and biomarkers for gas-
tric cancer (Fassi Fehri et al. 2010).

Globally, colorectal cancer is considered the top 
third widespread category of cancer (Schreiner et al. 
2020; Hansen et  al. 2013). Colon cancer is a wide-
spread disease that occurs more frequently than colon 
cancer, especially in developed countries, where there 
are twice as many cases of colon cancer compared to 
rectal cancer. Additionally, there is a slightly higher 
number of females diagnosed with rectal cancer com-
pared to males. In contrast, underdeveloped nations 
display similar levels of both types of cancer. Each 
year, an estimated 250,000 individuals in Europe are 
diagnosed with colon cancer, making up about 9% of 
all cancer diagnoses (Hansen et al. 2013).

It has been stated that numerous circRNAs are able 
to regulate the potential of metastatic CRC by func-
tioning as sponges for miRNAs and RNA-binding 
proteins (Ren et  al. 2020; Wang et  al. 2019a; Chen 
et  al. 2020). It has been demonstrated that the miR-
145-5p-sponging circular RNAs circRUNX1 and 

circPVT1 promotes the upregulation of their indi-
vidual target gene expressions and further potentiate 
colorectal cancer metastasis ability (Ji et al. 2022; Li 
et al. 2018a). Circ_0001178, has been found to aug-
ment the metastatic potential of CRC through imped-
ing the activity of miR-382/587/616, which is respon-
sible for targeting the transcriptional repressor, ZEB1 
(Han et al. 2014). Through the miR-370-3p/NF1 sign-
aling pathway, the current study has shown that cir-
cITGA7 can inhibit the lymphatic metastasis of colon 
cancer (Li et al. 2015b).

Ji et al. found hitherto undiscovered circRNAs that 
may exhibit control over colorectal cancer (CRC) 
liver metastasis (Emam et  al. 2021). The current 
study aimed to identify circRNAs that were expressed 
differently in KM12L4 colon cancer cells metastasis 
to the liver compared to main KM12C ones using 
microarray analysis. CircRNAs have been counted 
utilizing semi-quantitative polymerase chain reaction 
(semi-qPCR) and RT-qPCR techniques. The malig-
nant activities such as movement and attack abili-
ties and the inclination toward liver metastasis, was 
investigated using intrasplenic injection and transwell 
assays, respectively. RNA-binding protein (RBP) and 
microRNA (miRNA) were screened for CircPPFIA1 
association using antisense oligonucleotide (ASO) 
pulldown experimentation. RT-qPCR and western 
blot analyses were recruited for assessing circPP-
FIA1’s regulatory role on its targets.

Utilizing analysis of circRNA-related microar-
ray data, 2 distinct circRNA species exhibiting anti-
metastatic properties were pinpointed, emerging 
from PPFIA1, and were designated as circPPFIA1-
S (short) and circPPFIA1-L (long) on the basis of 
their respective lengths. In comparison to main 
KM12C cells, liver metastatic KM12L4 cells exhib-
ited a noteworthy downregulation of the aforemen-
tioned markers. Such observations suggest particular 
molecular modifications occurring during metastatic 
progression. The silencing of circular RNA PPFIA1 
in KM12C cells resulted in an augmented metastatic 
propensity and a heightened incidence of liver metas-
tases. In contrast, the upregulation of circular RNA 
PPFIA1s was observed to attenuate the metastatic 
capacity and impede hepatic metastasis. An antisense 
oligonucleotide (ASO) pulldown test carried out in 
the study demonstrated that circPPFIA1s serve as 
molecular harbingers for oncogenic HuR and miR-
155-5p. By decoying miR-155-5p and sequestering 
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HuR, circPPFIA1s functionsed to increase the expres-
sion of tumor-suppressive CDX1, while simultane-
ously downregulating oncogenic RAB36.

According to their study’s findings, circPPFIA1s 
can block the HuR/RAB36 and miR-155-5p/CDX1 
pathways, which prevent colorectal cancer (CRC) 
from spreading to the liver (Emam et al. 2021).

miRNA‑155 and immune‑Related Cells in GI 
cancers

MiR-155 serves as a crucial controller of immune 
reactions towards malignancies. MiR-155 has a 
significant impact on adjusting both natural and 
learned defense mechanisms in diverse cells within 
the immune system. Therefore, miR-155 may be 
able to transfer of information between tumors and 
immune cells, potentially influencing the process of 
tumor immunoediting. Many research investigations 
have demonstrated the impact of this molecule on 
immune reactions against tumors, leading to its grad-
ual utilization in cancer treatment (Kalkusova et  al. 
2022).  MiR-155 has a vital role in controlling and 
modifying the immunoediting mechanisms at various 
stages, impacting both cancerous and immune cells. 
Its involvement in communication between these 
cells is also significant and can greatly influence the 
severity of the ailment and its reaction to therapy. The 
unique qualities of miR-155 indicate that it has great 
potential as a focus in the areas of cancer diagnosis, 
prediction of disease outcome, and therapeutic inter-
ventions (Kalkusova et al. 2022).

MiR-155 is a remarkable microRNA among the 
array implicated in gastric adenocarcinoma initiation, 
advancement, and immune checkpoint modulation. 
Its upregulation has been postulated as a critical indi-
cator of prolonged gastric inflammation that incites 
the vulnerability of patients to gastric carcinogenesis. 
Furthermore, miR-155 is markedly overexpressed in 
activated T and B cells as well as in macrophages/ 
monocytes. Furthermore, current research advocates 
that several physiological systems, including immu-
nology, oncogenesis, inflammation  and cardiovascu-
lar diseases, depend critically on miR-155-5p. Pathol-
ogies that are attributed to miR-155 are of significant 
clinical importance due to the observed overexpres-
sion of this microRNA. The aforementioned observa-
tion proposes a prospective approach towards curbing 

miR-155-5p levels for the purpose of mitigating gas-
tric cancer or/hand forestalling the development of 
chronic gastric inflammation into neoplasia (Tili et al. 
1950).

An advantageous method for examining the effects 
of T-cell differentiation and stimulation is the in vivo 
model that lacks miR-155 expression. After careful 
analysis, it has been determined that miR-155 plays 
two roles: one inherent to T cells in TH17-cell dif-
ferentiation, and the other indirect, influencing DCs’ 
production of cytokines that polarize TH17 cells 
(Prinz and Weber 2020). In the nonexistence of 
miR-155 in T cells, an in vivo model of H has been 
demonstrated to display compromised TH17-cell 
reactions. In  vivo studies of TH17-driven chronic 
colitis were conducted in conjunction with Helico-
bacter pylori infection (Varoni et al. 2016). The pre-
sent study suggests that miR-155 exerts control over 
inflammatory tissue mediated  by T cells by modu-
lating the responses of not only TH1-cells but also 
TH17-cells. In contrast, the miR-301a upregulation 
has been found to increase TH17-cell differentiation. 
This might be explained by the targeting of PIAS3, 
a protein that inhibits STAT3 signaling and, in turn, 
TH17-cell differentiation (Zhang et  al. 2018a). The 
information provided here clearly points to miR-155’s 
possible importance in aiding in the elimination of 
immunological responses and the activation of Tregs 
(T regulatory).

When H. pylori infections occur in gastric epithe-
lial cells, the body produces moremiR-155 (Sheth 
et al. 2012), and this expression is linked to a specific 
kind of stomach cancer known as gastric adenocar-
cinoma. The pathway known as activator protein 1 
(AP-1) is essential to the regulation of miR-155. This 
happens in B cells (Fang et  al. 2016) and in mice’s 
defense cells called macrophages (Kong et al. 2014). 
Significantly, elevated Foxp3 has been demonstrated 
to regulate T cell miR-155 expression (Sheth et  al. 
2012). Furthermore, immune cells which counteract 
with LPS express different miRNAs like miR-132, 
miR-146a, and miR-155 (Yanaihara et  al. 2006). 
Several studies using C57Bl6 mice and murine mac-
rophages have shown that a range of toll-like receptor 
ligands can induce primary macrophages to produce 
miR-155 (Su et  al. 2022). Given the considerable 
influence that miR-155 has on the gastric cancer pro-
gression, it is possible that this specific microRNA 
is involved in determining the date at which gastric 
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cancer first appears before tumorigenesis and metas-
tasis. Consequently, the study showed increase of 
different types of miRNAs, specifically miR-155, in 
immune cells located in the stomach region in the 
existence of H. pylori. infection with Helicobacter 
pylori. Patients with chronic inflammation showed 
increased incidence of gastric cancer and its sub-
sequent metastasis. This could be explained by the 
positive association between Foxp3 + Tregs and non-
coding miR-155 molecule activation with STAT3 
triggering.

Noncoding microRNA dysregulation and further 
aberrant immune cells activation could explain the 
gastric inflammation induced by H. pylori and fur-
ther gastric malignancy. The reduction of incompat-
ible repair genes and potential disruption of immune 
checkpoint proteins have been connected to the high 
expression of antigens on stomach cancer cells. It 
has been explained that a multitude of miRNA mol-
ecules functions as markers and contributors in the 
development of gastric swelling and cancer. These 
miRNAs, miR-145, miR-21, miR-143, miR-335, and 
miR-201, are important players in the development 
of cell cycles and tumor invasion. It is proven that 
stomach tumors downregulate each of these miRNAs. 
MiR-155 is a distinct microRNA among the many 
involved in the controlling of immune checkpoints, 
gastric swelling, and the development of adenocar-
cinomas. It is distinct because of its overexpression, 
which suggests persistent stomach inflammation and 
makes people more likely to develop stomach cancer. 
Of the many different types of microRNAs (miRs), 
miR-155 is particularly noteworthy because of its sig-
nificant upregulation in different immune cells such 
as monocytes, macrophages, activated B and T cells, 
which are found in prolonged gastric inflammation. 
Notably, miR-155 downregulates the expression lev-
els of different genes elaborate in Mismatch Repair 
(MMR), namely MSH6, MSH2, and MLH1. Specifi-
cally, it is shown that the administration of antibod-
ies targeting immune checkpoint proteins reinstated 
the expression of many previously downregulated 
miR-155 targets in CD8 + T cells missing tumor-infil-
trating miR-155. These findings implicate miR-155 
in the regulation of intersecting pathways that foster 
the advancement of antitumor immunity. The poten-
tial for significant clinical ramifications exists due to 
the mediation of gastric pathologies by miR-155 con-
sequent to its excessive expression. The observation 

mentioned above suggests that reducing the levels of 
miR-155 therapeutically could be a feasible strategy 
for managing gastric cancer clinically and preventing 
chronic inflammation in the stomach from developing 
into carcinogenesis (Pittenger et al. 1999).

miRNA‑155 and stem cells in GI cancer

Bone marrow derived mesenchymal stem cells 
(BM-MSCs) have innate characteristics, including 
self-renewal, pluripotent differentiation capacity, 
immunoregulatory abilities, and pronounced affinity 
towards inflamed regions (Jung et al. 2013; Barcellos-
de-Souza et al. 2016; Haviv et al. 2009). BM-MSCs 
have been shown to be potential sources of cells for 
gene therapy in numerous diseases especially cancers 
(Mishra et al. 2008). Thanks to developments in the 
field of tumor microenvironment research, scientists 
now recognize that changes in cancer cells are not 
the only factors influencing the growth of tumors; 
the presence of cancer-associated stroma also plays 
a role (Peng et  al. 2013). An increasing amount of 
data advocates that Mesenchymal Stem Cells Derived 
from Bone Marrow (BM-MSCs) can be activated and 
incorporated into the cancer tissue stroma, which in 
turn promotes the growth of neoplastic tissue (Cao 
et al. 2009; Weber et al. 2015; Shangguan et al. 2012).

Multiple stromal cell categories, like immune cells, 
endothelial cells, mesenchymal stem cells (MSCs), 
cancer-associated fibroblasts (CAFs), and other cell 
components, make up the tumor microenvironment. 
Of the various types of stromal cells, a noteworthy 
cell type is the cancer-associated fibroblasts (CAFs), 
which have been subject to growing attention with 
respect to their origins in current years (McLean et al. 
2011). Increased evidences have been pointed to this 
point that MSCs of bone marrow can integrate into 
new tumors and differentiate into cancer-associated 
fibroblasts (CAFs) in vivo (Cao et al. 2009; Waghray 
et al. 2016; Yan et al. 2013). Cancer cell-conditioned 
medium has been identified as a critical signaling 
cue for the well-established in  vitro phenomenon of 
bone marrow-derived mesenchymal stem cells (BM-
MSCs) differentiating into cancer-associated fibro-
blast (CAF)-like cells (Mitra et  al. 2012; Hu et  al. 
2005; Lin et  al. 2016; Haga et  al. 2015). In recent 
times, mesenchymal stem cells (MSCs of malignant 
tissues, have been effectively known and classified 



	 Cell Biol Toxicol           (2024) 40:77    77   Page 18 of 40

Vol:. (1234567890)

within many solid tumor variants, such as gastric can-
cer (Shen et al. 2016), ovarian carcinoma (Pang et al. 
2015), hepatocellular carcinoma (Wang et al. 2018a), 
and PC (Yin et al. 2020). Research conducted in vitro 
has demonstrated that cancer cells have a major effect 
on the BM-MSCs differentiation, similar to the cells 
derived from cancer tissue, into MSCs. This transfor-
mation is mediated through paracrine mechanisms (Li 
et al. 2018b).

An investigation conducted pertaining to breast 
cancer stroma through a genome-wide analysis pos-
tulates that tumor stromal cells manifest frequent 
instances of epigenetic changes (Li et  al. 2020). 
miRNAs are important epigenetic regulators for phe-
notypic transition of normal fibroblasts (NFs) into 
CAFs. An excellent example has been explored in the 
research work of Mitra et al. (Qu et al. 2018), where 
it was shown that NFs were transformed into CAFs 
as a result of the manipulation of deregulated miR-
NAs, specifically miR‑31, miR‑241, and miR‑155, 
during ovarian tumor progression. Shen et  al. (Zare 
et al. 2019) clarified that normal fibroblasts (NFs) in 
lung cancer underwent a functional conversion pro-
cess into cancer-associated fibroblasts (CAFs) due 
to the high expression of miR-206 and miR-1 and 
the decreased production of miR-31. Pancreatic neo-
plastic cells have been observed to release microvesi-
cles carrying miR-155-5p which prompts the process 
by which healthy fibroblasts become CAF (cancer-
associated fibroblasts) (Gironella et  al. 2007). Not-
withstanding the existence of research focused on 
miRNA’s involvement in governing the evolve of 
BM-MSCs into cancer cells, the current knowledge 
base remains in its preliminary stages.

MSCs generated from murine bone marrow (BM-
MSCs), also known as mMSCs, were cultivated in 
conditioned media obtained from the MFC, also 
known as MFC-CM, a malignant cell line in a study 
by Wang et  al. (Ma et  al. 2020). MSCs have ability 
in induction of neoplastic-accelerating properties 
and activities through the application of multiple 
established methodologies, such as the Transwell 
migration assay, qRT-PCR, immunofluorescence-
based staining, and invasion assay. Luciferase assays 
and western blot studies have been performed to 
determine the association between the mmu-miR-
155-5p and NF-κB-p65. Role of miR-155-5p-NF-κB 
signaling in the mMSCs through MFC-CM was 
assessed via pyrrolidine dithiocarbamic acid (PDTC), 

inhibitor, and miRNA mimics. The education model 
of murine mesenchymal stem cells was success-
fully established through employment of MFC-CM. 
The findings of the study reveal a notable reduc-
tion in the mmu-miR-155-5p production amounts 
within the mMSCs. The induction of deregulation in 
mMSCs through the transfection of miRNA inhibi-
tor was found to elicit a comparable impact as that 
of MFC-CM on mMSCs. It has been determined 
that mmu-miR-155-5p affects NF-κB p65 and also 
has a negative modulatory effect on NF-κB activa-
tion. The impact of the miRNA inhibitor on murine 
mesenchymal stem cells (mMSCs) was found to be 
nullified upon the application of pyrollidine dithi-
ocarbamate (PDTC), which resulted in the inhibition 
of the NF-Κb activation. The elevated expression of 
mmu-miR-155-5p demonstrated limited hindrance of 
the impact of MFC-CM in instructing mesenchymal 
stem cells (mMSCs), whereas treatment with PDTC 
led to the total abrogation of MFC-CM activity. The 
present study’s findings rejected the mere role of this 
miRNA for the enhancement of the teaching capac-
ity of gastric cancer cells on BM-MSCs. Instead, this 
phenomenon is largely dependent on downstream 
NF-κB signaling (Ma et al. 2020).

miRNA‑155 as diagnostic/prognostic biomarker 
in GI Cancer

Nowadays, fluid biopsy may be a potential diagnostic 
methodology that complements instead of an elec-
tive to routine diagnostic strategies. Fluid biopsy may 
yield transcriptome and proteome data regarding the 
temporal and regional heterogeneity of a tumor (Liu 
et  al. 2012b; Cote et  al. 2014). A model for a sin-
gle tissue biopsy can be one-sided and disputable, 
whereas fluid biopsy is generally not invasive, repeat-
able, and gives by and large tumor data. Molecular 
data gotten by fluid biopsy can give a specialist with 
more specific information to direct treatment and 
surgical planning. Therefore, screening, prognosis, 
diagnosis, and therapy for people with cancer could 
alter significantly in the close future via fluid biopsy. 
Available blood tests to use fluid biopsy to look for 
cancer hints incorporate the cancer screening and 
diagnosis biomarker circulating serum antigen 19–9 
(CA19-9). Though, raised CA19-9 was observed 
in a few sufferers of mild pancreatobiliary diseases, 
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recommending that CA19-9 isn’t highly exclusive 
for cancer marker (Pang et al. 2015; Lee et al. 2021). 
Fluid biopsy is limited by the fact that circulating 
biomarkers typically have low blood concentrations 
and might degrade quickly, in addition to false posi-
tives (Huang et  al. 2013). Lately, broad researches 
affirmed that Patients with PC have dysregulated lev-
els of numerous miRNAs. Hence, Early-stage PC and 
metastatic cancer may be distinguishable from one 
another in serum miRNA expression patterns (Liu 
et  al. 2013). miRNAs exchange to adjoining cells is 
mainly mediated via extracellular vehicles (EVs), that 
load profitable markers (DNA, mRNA, miRNA, and 
protein) that show traits comparable to those of their 
parent cells (Wang et al. 2015). Evs are prevalent in 
the bloodstream, have a long circulation period, and 
shield stem cell-derived molecular information. Sub-
sequently, it has been proposed that tumor-derived 
EVs could serve as possible cancer dignosis markers.

Kim et  al. revealed that pancreatic ductal adeno-
carcinoma (PC)-derived extracellular vesicles (PDEs)
had significantly upper production levels of five miR-
NAs: miR-10b, miR-155, miR-16, miR-429, and miR-
1290 (Wang and Gao 2021). Additionally, PC patients 
is distinct from non-cancer controls using the combi-
nation markers (CMs) of the miRNA signature and 
serum carbohydrate antigen 19–9 (CA19-9). By using 
computed relapse, the miRNA markers and serum 
carbohydrate antigen 19–9 (CA19-9) were improved. 
In the end, the CMs reported high affectability (AUC 
of 0.964; 100% sensitivity; 80% specificity) and high 
specificity (AUC of 0.962; 85.71% sensitivity; 100% 
specificity). These results imply that five miRNAs 
present in PDEs and CA19-9 are useful indicators 
for fluid biopsy diagnosis and PC screening (Wang 
and Gao 2021). Identification and treatment in the 
primary stages of PC are the best ways to lower PC-
related death rates. Regardless, high risk population 
such as those with prolonged forms of pancreatitis, 
the value of screening techniques is diminished by the 
need for reliable markers to identify PC (Husain et al. 
2022). The common biomarkers measured during PC 
are carbohydrate antigen 19–9 (CA19-9) and carci-
noembryonic antigen (CEA); however, for PC to be 
detected, these markers must be sufficiently affectable 
and specific. (Kim et al. 2021). The identification of 
symptomatic PC biomarkers is essential to enhancing 
the prospects of individuals’ condition with this type 
of malignancy. There aren’t any invasive biomarkers 

that are extremely sensitive and specific available 
for PC detection right now (Papaconstantinou et  al. 
2013).

Lee et  al. (Papaconstantinou et  al. 2013) tried to 
develop a miRNA biomarker for primary identifica-
tion of PC. Blood of 63 PC patients and 63 control 
subjects were taken and investigated. They chose 39 
miRNA markers and used a support vector machine 
with unconditional deviation-based fine-cutting 
penalties to create a PC diagnosis model. The test’s 
AUC with twofold cross-validation was 0.98, which 
is typical. In order to validate the diagnosis model, 
they used autonomous testing from PC patients and 
intrahepatic cholangiocarcinoma (ICC) ones, and 
used carbohydrate antigen 19–9 for diagnosis. Using 
tests from 8 ICC patients, 8 healthy people, and 17 
independent PC patients, they conducted quantita-
tive turn around translation PCR for the markers let-
7b-5p, miR-4703-5p, miR-155-5p, miR-4284, miR-
4284, miR-346, miR-5100, miR-7145-5p, miR-661, 
miR-4486, miR-22-3p, and miR-4486. When testing 
PC patients, they observed differences in expression. 
Excellent affectability and specificity for PC identi-
fication are demonstrated by the identified markers-
based diagnostic model, indicating that it may be 
helpful for early PC diagnosis (Papaconstantinou 
et al. 2013).

In their study, Karimi and colleagues observed a 
notable increase in the levels of miR-146a and miR-
155 in the entire blood of individuals diagnosed with 
both H. pylori and GC, when compared to those who 
were deemed healthy. Furthermore, they noted that 
these levels were slightly elevated among patients 
with a positive H. pylori identification and a negative 
GC identification, although this difference did not 
reach statistical significance. Additionally, the find-
ings revealed a notable rise in miR-146a and miR-155 
levels in the whole blood of H. pylori positive and 
GC negative patients, when in comparison to those 
of a control group consisting of healthy individu-
als. Moreover, an assessment of the ROC curve for 
the levels of miR-146a and miR-155 RNA revealed 
that these two miRNAs possess suitable sensitivity 
and specificity for achieving diagnostic objectives. 
To sum up, individuals with both H. pylori and GC 
positive diagnoses may experience an elevation in the 
levels of miR-146a and miR-155, potentially contrib-
uting to the suppression of GC advancement caused 
by H. pylori infection. Due to this factor, the increase 
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in miR-146a and miR-155 levels in combination with 
H. pylori infection may have a function in the growth 
of GC, and potentially be utilized as indicators for the 
diagnosis and therapy of GC (Karimi et al. 2023).

miRNA‑155 and resistance to chemotherapy

Continuous studying contributes to a more compre-
hensive comprehension of the molecular processes 
that result in resistance to chemotherapeutics in the 
majority of gastrointestinal cancer types. This is a 
main item in the inability of many currently avail-
able chemotherapeutic managements to be effective. 
Despite extensive research, the precise molecular pro-
cesses and controlling systems underlying multidrug 
resistance (MDR) in several forms of cancer, includ-
ing GI cancers, are yet to be comprehended (Fojo 
2007). Ongoing studies have initially pinpointed a 
number of shared mechanisms that facilitate both 
natural and acquired immunity, such as changes in 
the structure of histones, abnormalities in the levels 
of miRNA expression, modifications to DNA through 
methylation, and modifications to pathways involved 
in drug metabolism. Postoperative chemotherapy is 
the most desirable method of treatment for individu-
als with gastrointestinal cancers after undergoing sur-
gery (Magee et al. 2015).

Extensive measures have been taken to recognize 
individuals who may have a positive or negative reac-
tion to chemotherapy, thus emphasizing the need for 
reliable indicators that can anticipate the efficacy of 
specific treatments. One potential solution for revers-
ing resistance is to address the harmful changes in 
gene expression by specifically targeting and manipu-
lating the miRNAs responsible for resistance in these 
cells. This approach has a strong potential for effec-
tiveness (Kishikawa et al. 2015). The significance of 
the variability both among and within tumors in rela-
tion to anticipating the treatment response and over-
all outlook is commonly recognized. Evaluating the 
treatment response and conducting post-treatment 
monitoring are crucial elements in effectively man-
aging patients with breast cancer. nowadays, many 
pieces of evidence have emerged indicating that miR-
NAs play a critical role in controlling both the devel-
opment of cancer and its overall biological processes 
(Ye et  al. 2018). The rising comprehension of miR-
NAs’ involvement in tumor biology has the potential 

to guide the development of new treatments in the 
future. Thanks to advancements in cell biology and 
technology, miRNAs have gained significant atten-
tion as promising means and objectives for innovative 
therapeutic methods. The fundamental approach in 
research on miRNA-based therapy is to either coun-
teract the influence of cancer-promoting miRNAs or 
to revive and enhance the activity of miRNAs that 
suppress tumor growth (Li et al. 2021a).

Previous study has established that dysregulated 
miRNAs significantly contribute to the development 
of chemoresistance and recurrent episodes in patients 
undergoing chemotherapy. One specific example is 
the association between miR-155 and a variety of 
physiological and pathological activities, like the 
development of chemoresistance. Gao and colleagues 
provided evidence that miR-155 plays a significant 
role in promoting the resistance of colon tumor to 
cisplatin treatment by specifically targeting forkhead 
box O3. After extensive research, it was determined 
that miR-155 exhibited a significant increase in 
expression levels within both colon cancer tissue and 
cell lines. Experiments on cells discovered that an 
increased amount of miR-155 meaningfully boosted 
resistance to cisplatin in colon cancer cells and also 
upheld the formation of tumors in vivo. Furthermore, 
upregulation of miR-155 was linked to reduced lev-
els of FOXO3, mainly by suppressing its produc-
tion, leading to boosted resistance of colon cancer to 
cisplatin. This research illustrated that miR-155 had 
a direct correlation with the improvement of drug 
resistance in colon cancer and also results in a decline 
in the production of FOXO3 in either animal models 
and laboratory experiments (Gao et al. 2018).

In their study, Li and colleagues found compel-
ling evidence of a significant correlation between the 
levels of miR-155-5p and resistance to paclitaxel. By 
observing the upregulation of miR-155-5p in resistant 
cells, they established a clear link between its produc-
tion and the development of resistance. In addition, 
the overexpression of TP53INP1, which is the tar-
get gene of miR-155-5p, helped to restore the sen-
sitivity of resilient cells to paclitaxel. The following 
joint application of reducing miR-155-5p levels and 
increasing TP53INP1 expression resulted in increased 
sensitivity to paclitaxel in previously resistant cells 
(Li et al. 2021b).

According to Kirave and colleagues, exosomes 
have a function in significantly increasing the 
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expression of miR-155 in oral squamous cell carci-
noma (OSCC) cells that have developed resistance to 
cisplatin (known as cisRes cells). Significantly, it was 
discovered that the transmission of exosomes from 
cisRes cells to cisplatin sensitive (cisSens) cells resulted 
in a considerable increase in miR-155 expression in 
the receiving cisSens cells. Re-establishment of miR-
155 levels in cisSens cells through treatment with 
miR-155 mimics resulted in the transformation from 
an epithelial to a mesenchymal state, increasing their 
ability to migrate and develop a resistant phenotype. 
Significantly, the transfer of exosomes from cisRes 
cells to cisSens cells resulted in comparable enhance-
ments of migratory ability and resistance to chemo 
drugs (Kirave et al. 2020).

The research conducted by Roosbroeck and col-
leagues confirmed that miR-155 promotes conflict to 
a diversity of chemotherapy drugs in laboratory set-
tings, and that reducing the levels of miR-155 can 
effectively restore tumor responsiveness to chemo-
therapy in real-life conditions. They have proven 
through their findings that anti-miR-155-DOPC does 
not have any harmful outcomes when used in living 
organisms. In addition, they displayed evidence that 
miR-155 and TP53 are interconnected in a process 
of mutual regulation and that having elevated levels 
of miR-155 and decreased levels of TP53 is strongly 
correlated with reduced existence rates in cases of 
lung malignancy (Roosbroeck et al. 2017).

miRNA‑155 and associated Clinical Trials in GI 
cancers

According to Su et  al. qRT-PCR has been executed 
to appraise the miR-155-5p expression within both 
clinical tissues and gastric cells. Furthermore, the 
effectiveness of the Res and miR-155-5p treatment 
in relation to the increase of gastric cancer cells 
was assessed through a diversity of experimental 
techniques, like the MTT assay, plate clone forma-
tion test, cell scratch test, flow cytometry, and Tran-
swell assay (Quante et  al. 2011). In this work, the 
expression of important proteins in a cohort of gas-
tric tumor cell lines after being treated with Res and 
miR-155-5p was measured. These proteins include 
claudin 1, cyclin D1, c-Myc, caspase-3, and Bcl-2. 
Increased miR-155-5p in gastric cancer cells as well 
as clinical tissues was observed. On the other hand, 

the administration of Res effectively controlled the 
miR-155-5p levels and induced apoptosis in gastric 
tumor cells. The impact of miR-155-5p on the attack, 
proliferation, and metastasis dynamics of gastric can-
cer was investigated in cell studies. The transwell 
test, flow cytometry, plate clone formation test, MTT 
assay, and cell scratch test results proved that miR-
155-5p concurrently inhibited apoptosis in the cells 
and significantly stimulated these processes. At the 
P < 0.05 level of statistical significance, the effects 
were effectively suppressed by the addition of Res. 
Upregulation of c-Myc, claudin 1, Bcl-2, cyclin D1, 
and downregulation of caspase-3 were observed upon 
higher levels of miR-155-5p. The study’s overall 
conclusions propose that miR-155-5p could be con-
sidered as a promising target for treatment of gastric 
malignancy and resveratrol (Res) can control the pro-
duction of miR-155-5p and it is a potential therapeu-
tic agent (Quante et al. 2011).

In a study, miR-155 effects on TAMs drived from 
endometrial cancer (EC) were investigated (Liu et al. 
2012c). The goal of the current study was quantifica-
tion of the levels of miR-155 and fibroblast growth 
factor-2 (FGF2) in both tissues and in vitro samples. 
The employed methodologies for this investigation 
included both western blot assays and qRT-PCR. The 
aforementioned constructs have been further intro-
duced into TAMs via transfection. Tumor-associated 
macrophage (TAM) culture media was then acquired 
in order to carry out additional research. Quantifica-
tion of released FGF2 and inflammatory cytokines 
was measured by ELISA. Transwell analysis and 
CCK8 have been used to measure the levels of inva-
sion, migration, and viability of cells. Using matrigel 
angiogenesis analysis, the process of vasculature 
formation in human umbilical vein endothelial cells 
(HUVEC) has been evaluated. The results of this 
study indicate that, compared to their normal con-
trol counterparts, both cell lines and EC tissue were 
found to have decreased levels of miR-155 expression 
but FGF2 overexpression. Furthermore, the transfec-
tion of tumor-associated macrophages (TAMs) with 
miR-155 mimic has been shown to up-regulate the 
interleukin (IL)-12, TNF-α, and inducible nitric oxide 
synthase (iNOS) while concurrently down-regulating 
the amounts of Arginase-1 (Arg-1), IL-10, and IL-22 
in the culture media. Tumor-associated macrophages 
(TAMs) that had increased miR-155 representa-
tion reduced angiogenic activity and impeded the 
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viability, motility, and infiltration of ECA109 cells. 
Nevertheless, the influence of miR-155 on cell sur-
vival, malignant behaviors, and angiogenic potential 
of malignant cells were neutralized by the upregula-
tion of fibroblast growth factor 2 (FGF2). Based on 
the study’s findings, TAM-regulated MiR-155 sup-
presses EC cell multiplying, migration, and attack in 
addition to inhibiting the formation of new blood ves-
sels by controlling the expression of FGF2. One pos-
sible therapeutic strategy to stop the progression of 
EC could be to use miR-155 to regulate FGF2. (Liu 
et al. 2012c).

Previous studies have linked a quantity of miR-
NAs, like miR-20a, miR-155, and miR-183, to 
esophageal cancer. Such identification was achieved 
through the utilization of RT-qPCR technology and 
miRNAs chip, which examined tissue from people 
who had esophageal squamous cell cancer in Jiangsu, 
Huaian, China. Furthermore, both cancerous and 
adjacent noncancerous tissue samples were evaluated 
during this study.

Liu et  al.’s study finds a strong relationship 
between the relative production of miR-183, miR-
155, and miR-20a in esophagus tissue and increased 
susceptibility to esophageal cancer (Simons and 
Raposo 2009). The cancer patient exhibited a sub-
stantial decrease in the respective circulating miR-
155 and miR-183 levels, relative to healthy individu-
als. After accounting for alcohol and cigarette use, the 
elevation of risk for esophageal cancer was found to 
be statistically significant for circulating miR-155. An 
area under the curve of 66% indicates the significant 
value of circulating miR-155 in esophageal cancer 
diagnosis. No noteworthy variance of miRNAs pro-
duction between esophageal tumor samples and con-
trol ones have been seen. This finding suggests that 
the miRNAs that are currently in circulation come 
from sources other than tumor cells. Findings indicate 
that plasma levels of miR-155 is validate and non-
invasive test for esophageal cancer early detection 
(Simons and Raposo 2009).

The researchers, Girolimetti et  al., thoroughly 
examined the amounts of two types of miRNA groups 
(one related to resistance to chemotherapy and the 
other to oncogenic or tumor-suppressing activities) 
in a range of pancreatic cancer cells and liquid biop-
sies taken from a limited number of individuals. The 
researchers discovered that both the PC cell lines 
and the patients, even after undergoing gemcitabine 

treatment, exhibited small levels of miR-155-5p asso-
ciated with cells and vesicles in comparison to the 
control group. The researchers found no discrepancies 
in their examination of the presence of miR-155-5p in 
the bloodstream, which was unexpected (Girolimetti 
et al. 2024).

Exosomal microRNA‑155 in GI cancers

Exosomes are membrane-bound vesicles with dif-
fer from 40 to 100 nm sizes. They have been found 
in almost all biological fluid types (Fig.  2). Follow-
ing their fusion with the membrane of plasma, they 
are secreted into the extracellular milieu from a vast 
majority of cellular lineages (Fig. 2). Exosome mem-
branes predominantly comprise lipids and proteins, 
with a noteworthy enrichment of lipid rafts (Sato-
Kuwabara et al. 2015; Gross et al. 2012; Mathivanan 
et al. 2010). As well as proteins, other nucleic acids 
have also been found to be present in the exosomal 
lumen recently e.g. messenger RNAs (mRNAs), miR-
NAs, and other non-coding RNAs (ncRNAs) (Zhang 
et al. 2015). Exosome circulation allows for the inter-
nalization of exosomal RNAs by nearby or distant 
cells. The recipient cells’ physiology is then impacted 
by the absorbed exosomal RNAs. The increasing 
attention being paid to the functional properties of 
exosomes (Zhang et al. 2018b) indicates that the sci-
entific community is becoming more and more inter-
ested in the role that these structures play in facilitat-
ing genetic transfer between cells. The biogenesis of 
exosomal miR-155 is depicted in Fig. 3.

The discharge of extracellular miRNAs can be 
separated into two key clusters, which are exosomal 
(being contained in extracellular vesicles) and non-
exosomal. The characteristics of miRNAs not only 
influence their absorption into intended cells, but 
also present both a difficulty and a chance for the use 
of RNA treatments in treating cancer. Due to their 
capacity to serve as facilitators of communication 
between cells within the cancer tissue microenviron-
ment, extracellular miRs can carry out both pro- and 
anti-tumor tasks, based on the targeted cell and its 
surroundings. Most of the miRs that originate from 
tumors have the function of promoting tumor growth, 
while those that come from host cells or the sur-
rounding tissue have roles in inhibiting tumor growth 
(Syed and Brüne 2022). There are numerous benefits 



Cell Biol Toxicol           (2024) 40:77 	 Page 23 of 40     77 

Vol.: (0123456789)

to utilizing exosomes as a means of transporting miR-
155 to a specific cell. Exosomes act as vehicles for 
delivering miR-155 directly to recipient cells, thereby 
greatly increasing the potential for this informa-
tion to cause changes in the function of the target 
cells. Exosomes enable cells to communicate with 
one another, regardless of the physical gap between 
them (Eshraghi et  al. 2024). Exosomes, which have 
been recognized in bodily fluids and blood, suggest 
that exosomes could serve as the means for organ-
to-organ communication. Moreover, exosomes could 
potentially possess specialized components that ena-
ble them to selectively identify and transport miR-
155 to specific recipient cells, thereby increasing 
the efficacy of delivery (Eshraghi et  al. 2024). New 
research suggests that variations in specific exosomal 
miRNAs could be indicative of certain diseases. This 
theory is bolstered by increasing findings that analyz-
ing miRNA levels in exosomes obtained from bod-
ily fluids could potentially aid in disease detection 
and diagnosis (Hu and Drescher 2012). Additionally, 
the presence of exosomal miR-155 has an impact on 
the regulation of genes after being taken up by cells 
nearby or far away. Once inside the target cell, it joins 
forces with the target mRNA molecule by utilizing 
its partial sequence complementarity. The process 
of protein synthesis is impeded by miRNAs, which 
establish a miRISC complex with particular proteins 
(Zheng et al. 2021).

Prior research has established a connection 
between colon cancers, specifically carcinoma, and 
the M2 macrophage phenotype. One such example 
is the M2 macrophage, which, according to recent 
research, has been connected to the development of 
CRC (Lan et al. 2019). It has been demonstrated that 
colon cancer metastasis is facilitated by TAMs exhib-
iting the M2 phenotype (Lan et al. 2019).

Remarkably, it has been shown that exosomes 
released by M2 macrophages possess the ability 
to induce colon cancer cells to migrate and invade 
(Wang et al. 2017). Furthermore, in situations involv-
ing cardiac injury, exosomes with miR-155 secreted 
from macrophages may alter the bioproperties of 
fibroblasts (Zheng et  al. 2017). Moreover, an inde-
pendent study demonstrated that miR-155-5p and 
miR-21-5p molecules were translocated towards colo-
rectal cancer cells by exosomes released from M2 
macrophages and more increase of movement and 
metastasis (Wang et al. 2017). Moreover, it has been 

shown that the transfer of miR-21 through M2 mac-
rophage-produced exosomes influences the cisplatin 
susceptibility of malignant cancer cells of stomach 
(Wawro et al. 2019).

Zinc-finger-containing protein 12B (ZC3H12B), 
the ZC3H12 protein’s emerging family member, was 
implicated in inflammation. ZC3H12B is only func-
tionally significant when Nedd4-BP1, YacP nucle-
ases (NYN)/PilT N-terminal (PIN) RNase domain 
is intact, meaning that essential residues for RNA 
cleavage and binding are covered (Jolma et al. 2020). 
Further studies have demonstrated that the ZC3H12B 
protein interacts with motifs similar to the splice 
donor sequence, which leads to the depreciation of 
viral parts and useless transcripts such as unspliced 
ones (Ma et  al. 2021). Furthermore, a digital plat-
form has revealed that specific binding locales exist 
between miR-155-5p and ZC3H12B. Furthermore, 
in  vivo studies have indicated that ZC3H12B pos-
sesses binding capabilities to the mRNA of interleu-
kin (IL)-6, thereby governing its turnover, resulting 
in decreased expression of IL-6 protein following the 
administration of IL-1β (Jolma et al. 2020).

As stated by Ma and associates. The investiga-
tion of exosomal miR-155-5p from M2 macrophages 
in relation to CRC cells’ ability to evade immune 
responses has been conducted (Challagundla et  al. 
2015). Results from qRT-PCR and western blot anal-
ysis exhibited that these macrophages expressed miR-
155-5p and interleukin (IL)-6 with strong expression, 
but ZC3H12B expression was weaker. Furthermore, 
exosomes—extracellular vesicles isolated from 
M2 polarized macrophages—have the capacity to 
deliver miR-155-5p to CRC cells. Via its 3 “ UTR, 
the ZC3H12B gene is the target of this miRNA, 
as determined by the dual luciferase reporter gene 
assay. Simultaneously, ZC3H12B and miR-155-5p 
have been studied in coculture with M2 macrophage-
secreted exosomes on HT29 and SW48 cells using 
gain- and loss-of-function methods. These results 
showed that ZC3H12B silencing or miR-155-5p over-
expression promoted the growth and antiapoptotic 
potential of HT29 cells and SW48, in addition to the 
proportion of CD3 + T cells and interferon-γ + T cells. 
The results of xenograft models confirm that miRNA-
155-5p, which is derived from exosomes derived 
from M2 macrophages, downregulated ZC3H12B 
expression in order to promote the upregulation of 
IL-6. Consequently, this immune system reaction 
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encouraged immune evasion and caused tumor devel-
opment. According to the results of the collaborative 
research, exosomal miR-155-5p that are from M2 
macrophages may help immune evasion in colonic 
cancer by blocking ZC3H12B-mediated interleukin-6 
destabilization, which would then aid in the growth 
and progression of the malignancy (Challagundla 
et al. 2015).

The research findings indicate that miR-155-5p 
encapsulated in exosomes function in lowering can-
cer cells’ susceptibility to chemotherapy. Challa-
gundla et  al. (Patel et  al. 2017) have demonstrated 
that the intercellular communication between 
monocytes and neuroblastoma cells, which is facili-
tated by exosomal microRNA-155-5p, can pro-
mote resistance to chemotherapeutic agents within 
cancer cells. Furthermore, Patel et  al. (Mikamori 
et al. 2017) and Mikamori et al. stated that follow-
ing gemcitabine treatment, it was noted that both 
the exosomes and the cancerous cells’ amounts of 

miR-155-5p were elevated. Gemcitabine-treated PC 
cells’ exosomes encouraged the emergence of chem-
oresistance in vulnerable cells. These exosomes 
allowed miR-155-5p to spread, and further facili-
tated the development of such resistance (Mikamori 
et al. 2017; Santos et al. 2018). Santos et al. (Wang 
et al. 2019b) report that miR-155-5p might be deliv-
ered by exosomes to neighboring cancer cells by 
paclitaxel- and doxorubicin (DOX)-resistant breast 
cancer cells, enabling them to spread their chemore-
sistance. The study’s conclusions imply that exoso-
mal miR-155-5p might be vital in the signaling that 
allows chemoresistance tumor cells to carry over 
their conflict to cancer cells that are responsive to 
drugs.

In a research done by Wang and colleagues, 
they produced the MGC-803R gastric cancer cells, 
which is resilient to paclitaxel. This cells displayed 
improved production of microRNA (miR)-155-5p and 
an EMT phenotype. (Kogure et al. 2011) MGC-803S 

Fig. 2   A schema of biogenesis and function of exosomes. 
Exosomes are membrane-bound vesicles with different sizes 
from 40 to 100 nm. Following their fusion with the membrane 
of plasma, they are secreted into the extracellular milieu from 

a vast majority of cellular lineages. Exosome membranes pre-
dominantly comprise lipids and proteins, with a noteworthy 
enrichment of lipid rafts
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cells that were paclitaxel-susceptible were found to 
easily internalize exosomes from MGC-803R cells, 
exhibiting both the chemoresistance and epithelial-
mesenchymal transition (EMT) phenotypes. Moreo-
ver, miR-155-5p molecule expression was improved 
and could transfer to the MGC-803S cells within the 
MGC-803R exosomes. MiR-155-5p was upregulated 
in MGC-803S cells by mimic transfection, which 
also amplified the level of miR-155-5p in MGC-
803S exosomes and had phenotypic effects similar 
to those of MGC-803R exosome treatment. Previous 
non-cancerous MGC-803S cells are prone to malig-
nant transformations via increased exosomal abun-
dance. According to the current study, miR-155-5p 
modulates two tumor proteins: GATA binding pro-
tein 3 (GATA3) and TP53-inducible nuclear pro-
tein 1 (TP53INP1). Exosomal miR-155-5p directly 

targeted the targets’ 3’ untranslated regions to elicit 
an inhibitory response. According to the study’s find-
ings, MGC-803R cells’ chemoresistance and epithe-
lial-mesenchymal transition (EMT) phenotypes were 
reversed when miR-155-5p was downregulated. This 
outcome may be explained by the upregulation of 
TP53INP1 and GATA3, which eventually stopped 
MGC-803R exosomes from causing the malignancy. 
The outcome of this research showed that the transfer 
of miR-155-5p via exosomes could persuade chem-
oresistance and epithelial-mesenchymal transition 
(EMT) in stomach malignant cells resistant to pacli-
taxel in comparison to those that are drug-sensitive. 
This transfer could be attributed to the suppression of 
TP53INP1 and GATA3. As a result, directing atten-
tion towards miR-155-5p as a possible approach may 

Fig. 3   A schema of exosomal miR-155 biogenesis and its 
function. The noncoding B cell integration cluster (BIC), 
which encodes miR-155, and transcribed by poly II into pri- 
miR-155 after stimuli, such as stimulation of toll-like receptors 
(TLRs). Ribonuclease—DROSHA and its cofactor binding 
protein cleaved pri-miR-155. GTP-dependent Exportin 5 trans-

fers Pre- miR-155from the nucleus to the cytoplasm, where the 
ribonuclease Dicer1 processes it into mature but still double-
stranded microRNA-155. Subsequently, argonaut 2 and miR-
155 create an RISC. miR-155 in the RISC complex promotes 
target mRNA degradation and destabilization or inhibits its 
translation. This figure adapted from Kalkusova et al. 2022
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exhibit potential in circumventing the resistance to 
paclitaxel in gastric cancer (Kogure et al. 2011).

Extracellular vesicles, specifically exosomes origi-
nated from hepatocellular carcinoma (HCC) cells, 
have been observed to transfer miRNAs that facilitate 
the augmentation of recipient cell proliferation (Wang 
et al. 2020). It has been observed that Exosome miR-
567 exhibits a reversal of trastuzumab resistance, and 
it achieves this by restraining ATG5 (Munson et  al. 
2019). The exosomal miR-16-5p exhibits itself as an 
aim for the malignancy regarding mesothelioma (Li 
et al. 2018c). miR-21 (actually its 5p form) is respon-
sible for increased peritoneal metastasis of gastric 
cancer (Liu et al. 2019b). It has been discovered that 
the induction of endoplasmic reticulum stress aug-
ments the discharge of exosomal miR-23a-3p in hepa-
tocellular carcinoma cells, culminating in an upregu-
lation of macrophages’ expression of programmed 
death ligand 1 (PD-L1) (Shi et al. 2020c).

Exosomal miR-155-5p consequences on the GC 
progression was examined by Shi et  al. in order to 
learn more about the underlying mechanisms (Mat-
sumura et  al. 2015). Using flow cytometry, the 
exosomes derived from the GES-1 and AGS were 
separated and identified using surface marker analy-
sis. RT-qPCR, was then utilized to ascertain the miR-
155-5p levels in isolated exosomes and tissues. The 
bioinformatics analysis results show that the miR-
155-5p directly targets the 3’-UTR mRNA transcript 
of the tumor protein p53-induced nuclear protein 1. 
Researchers looked into how a lot of miR-155-5p 
exosomes might affect AGS cell migration, cell cycle 
development and more multiplication. According to 
the current study, there was a higher amounts of miR-
155-5p in AGS cells and gastric cancer (GC) tissues. 
Additionally, it was possible to find that GC tissues 
had lower levels of TP53INP1 protein expression 
using immunohistochemistry (IHC) and immunofluo-
rescence (IFC). The direct regulation of TP53INP1 
by miR-155-5p has been observed via a reporter assay 
based on dual luciferase. AGS cells were found to co-
culture with exosomes that had been chosen for their 
high concentration of miR-155-5p, which improved 
the cells’ capacity to migrate and proliferate. Accord-
ing to the researchers’ findings, exosomal miR-155-5p 
specifically influence the mRNA of TP53INP1 (Mat-
sumura et  al. 2015) in human gastric cancer cases, 
acting as an oncogenic agent.

Research exploring exosomal microRNA (miRNA) 
levels in blood have yielded disparate outcomes, 
with no homogenous miRNA outline identified for 
colon cancer. A case in point is provided by a novel 
study on serum, which found a positive correlation 
between a worse prognosis and the exosomal content 
of the miR-17–92 cluster in assimilation patients with 
colorectal cancer. In contrast, an alternative inquiry 
involving circulating exosomal microRNAs in suf-
ferers of metastatic colorectal cancer identified an 
entirely distinct collection of microRNAs which did 
not comprise the miR-17–92 cluster (Ma et al. 2012).

The disparity in research findings regarding miR-
NAs in tumor, bio-fluids, and exosomes in the context 
of cervical cancer have been ascribed to varied fac-
tors, such as dissimilar patient cohorts, discrepancies 
in internal controls, and discrepancies in laboratory 
techniques (Monzo et al. 2017). Nonetheless, an ana-
tomical pathway for exosomes and their correspond-
ing biomarker payloads to successfully infiltrate a 
specific organ, remains an area of investigation that 
has yet to receive comprehensive analysis.

According to Monzo et  al.’stheory (Shi et  al. 
2020c), blood from the tumor-draining vein has more 
evenly distributed data than from the peripheral vein. 
This is due to the likelihood that all of the molecu-
lar markers secreted from a malignant tumor will be 
found in blood from the vein that drains the tumor 
before they spread to a distant metastatic location. 
Plasma samples from mesenteric veins (MVs), of 15 
CRC patients were analyzed for 754 miRNAs. An 
analysis of these samples revealed the identification 
of 13 microRNAs that are substantially related with 
the risk of relapse. 50 MV and 50 paired PV plasma 
samples from patients with stage I–III colon tumor 
were used in a cohort study to validate the prognostic 
significance of the aforementioned miRNAs. Com-
paring mesothelial vesicles (MV) to peritoneal vesi-
cles (PV), four microRNAs were found to be more 
highly expressed including miR-328, let-7g, miR-
15b and also miR-155. Moreover, patients exhibit-
ing elevated levels of said microRNAs in MV plasma 
exhibited a shorter duration of relapse. Remarkably, 
it was observed that in individuals manifesting liver 
metastases, the miR-328 exosomal payload was sig-
nificantly amplified in MV plasma compared to PV 
plasma, thereby postulating the plausibility of miR-
328 in fostering hepatic metastases. According to 
their findings, elevated concentrations of miRNAs are 
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discharged via the MV by the primary tumor in colon 
cancer, with a proportion of these being encapsulated 
within exosomes derived from the tumor (Shi et  al. 
2020c). A few investigations on the function of exo-
somal miR-155 in GI tumors are listed in Table 2.

Nanotechnology in miRNA‑155 Delivery

Fully delivering naked miRNA is challenging due to 
several factors: negatively charged groups of miRNAs 
can impede miRNA uptake by cells, which can lead to 
undesired off-target or on-target effects. Additionally, 
miRNAs have a short half-life in physiological condi-
tions, making it difficult to achieve long-term effects. 
Moreover, delivering naked miRNAs may trigger an 
unfavorable immune response, further complicating 
the process (Lee et  al. 2019). Non-pathogenic NPs 
play a crucial role in protecting miRNAs by forming 
a protective layer around them, which effectively con-
ceals charge groups and enables easier transport into 
cells. Incorporating specific receptor-binding mole-
cules onto nanoparticles (NPs) enables targeted deliv-
ery of microRNAs (miRNAs) to specific cells, result-
ing in a decrease of unintended impacts on non-target 
cells (Blanco et  al. 2015). NPs enable precise regu-
lation of miRNA release, preventing overstimulation 
of numerous gene targets. Additionally, they prolong 
the in vivo stability of miRNA through safeguarding 
the therapeutic cargo against degradation. Addition-
ally, incorporating a stealth coat on NPs inhibits their 
removal by the reticuloendothelial system (RES) and 
prevents any negative immune cell activation. NP-
based techniques of introducing immunomodulatory 
factors have the possibility to improve the targeted 
delivery of these agents and reduce any unintended 
effects caused by poor specificity (Blanco et al. 2015).

Despite the significance of miR-155 in the man-
agement of GI tumor, some obstacles exist that need 
to be addressed, similar to those encountered in the 
therapeutic use of other genetic substances. These 
include preserving their stability, ensuring proper 
release, facilitating cellular absorption, and managing 
potential toxicity. This highlights the necessity for a 
suitable method of administering miR-155. Liyanage 
and colleagues utilized chitosan nanoparticles to 
encapsulate and administer mimics of dre-miR-155. 
Li et al. successfully achieved an impressive 98.80% 

encapsulation efficiency with their creation of polym-
erized dopamine and AS1411 aptamer-modified 
mesoporous silica nanoparticles loaded with anti-
miR-155 (MSNs-anti-miR-155@PDA-Apt). This 
innovative development was specifically designed 
for effectively treating colorectal cancer. The find-
ings from their work proved that the combination of 
MSNs-anti-miR-155@PDA-Apt was highly effec-
tive in suppressing the miR-155 in SW480 cells. This 
approach also demonstrated a remarkable ability to 
precisely target the cells and deliver improved thera-
peutic outcomes, as demonstrated through extensive 
in animal and cell line testing. Moreover, the use of 
MSNs-anti-miR-155@PDA-Apt effectively blocks 
miR-155 and ultimately improves the ability of 
SW480 cells to respond to 5-fluorouracil chemother-
apy (Li et al. 2018d).

Conclusion and Future Perspective

The protein miR-155 is an essential player in con-
trolling immunoediting activity through various 
means, impacting both cancerous and immune cells. 
It facilitates the communication between these cells 
and has a significant impact on the severity of the 
illness and its reaction to therapy. The traits pos-
sessed by miR-155 have the potential to be used 
as a focus in the realm of cancer detection, predic-
tion, and therapy. This analysis revealed the positive 
prospects of miR-155 in treating gastrointestinal 
cancer. As we gain a deeper comprehension of miR-
155’s roles in tumor and immune cells, coupled with 
the ability to precisely target it through emerging 
technologies, it has the potential to emerge as a sig-
nificant molecule in immune checkpoint research. 
Therefore, in the near future, its focus could poten-
tially be integrated into innovative cancer treatment 
algorithms.

Because the prognosis for patients diagnosed too 
late is consistently poor, better techniques for the 
detection of digestive system cancers at primary 
stages are required. The biggest obstacles to treat-
ing GI cancer are drug resistance, metastasis, and 
late diagnosis. Consequently, the identification of 
more precise and advanced safe biomarkers will 
aid in the early detection and management of these 
patients. Because they control cell division, involve-
ment of other organs by cancer cells, and migration, 
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miRNAs are significant players in a range of cancer 
types. MiRNAs could be used for assessing tumor 
growth at their primary stages and even their metasta-
sis. Several labs are creating clinical assays for miR-
NAs, which may be used extensively in the future, 
high stability of miRNAs structures in body fluids 
and their footsteps have been identified in extracellu-
lar vesicles. Many investigations into the function of 
miRNA-155 in various gastrointestinal cancers have 
showed its aberrant expression in different tumors. 
More than being a possible biomarker for the iden-
tification of these cancers, miRNA-155 may also be 
involved in therapeutic strategies. In contrast to other 
miRNAs, miR-155 regulates the behavior of M2 mac-
rophages that enhance tumor growth and has a pivotal 
role in trigger of response against cancer. The devel-
opment of appropriate drug delivery mechanisms for 
nucleic acid-based therapeutics is one of the numer-
ous obstacles in the field of using miRNAs in cancer 
treatment. In order for particular miRNAs to serve as 
diagnostic markers for patients with GI tumor and to 
determine whether they can be employed in therapeu-
tic strategies for digestive tract cancers further studies 
is required to refine the techniques for locating and 
measuring these miRNAs in different body liquids 
such as CSF and blood.

Extensive research in the area of cancer has con-
sistently demonstrated that miR-155 functions in pro-
moting the growth and enlargement of tumors Due to 
its high levels in various gastrointestinal cancers and 
contribution to the development and existence of can-
cer stem cells, which is a known predictor of negative 
outcomes, and its ability to enhance resistance to tra-
ditional cancer treatments, the deliberate reduction of 
miR-155 was initially seen as a convenient method for 

therapy. Even though miR-155 has major involvement 
in regulating the immune system and functions in the 
body’s defense against tumors by influencing vari-
ous types of immune cells, we must rethink the use of 
its regulatory capabilities for treating cancer. This is 
especially important when considering the use of new 
therapeutic approches. The algorithms must be based 
on more than just the seriousness of the illness, which 
includes the categorization and evaluation of tumors, 
but also on the immune patterns caused by the dis-
ease or its therapy. It is expected that these algorithms 
will need to specifically target miR-155 in particular 
cell types, specifically those involved in the immune 
system. One potential approach for precise targeting 
could involve utilizing cutting-edge techniques, such 
as nanovectors or adoptive cellular immunotherapy. 
In this method, specific types of immune cells could 
be created outside the body and then altered to effec-
tively target a desired area. Targeting miR-155 in dif-
ferent ways has the potential to significantly boost the 
body’s response to tumor cells and improve the effec-
tiveness of malignancy treatment.

Furthermore, the absence of explicit regulations 
and protocols for ensuring quality and safety has hin-
dered the progress of miR-155 in its journey towards 
successful application in clinical settings. Due to the 
rising quantity of newly developed polymeric nano-
materials, elaborate polymeric-based nanoformula-
tions, and chemical alterations, it is imperative to 
establish regulatory guidelines to assist in evaluating 
miRNA drugs. These guidelines should cover areas 
such as good manufacturing practices, production 
procedures, and quality controls. Simplifying for-
mulation design can play a crucial role in the assess-
ment conducted by regulatory authorities. However, 

Table 2   Some published studies on the exosomal miR-155 in GI cancers

GATA3: GATA binding protein 3; TP53INP1: Tumor protein p53-inducible nuclear protein 1; ZC3H12B: Zinc Finger CCCH-Type 
Containing 12B

Status of 
expression

Role and effect of microRNA-155 Model Type of cell line Ref

Up –– Human –– Shi et al. 2020c)
Up Targeting TP53INP1 Human,

In vitro
AGS, GES-1, HEK293T Matsumura et al. 2015)

Up Targeting GATA3, TP53INP1 In vitro MGC-803 Kogure et al. 2011)
Up Targeting ZC3H12B Human,

In vitro,
In vivo

SW48, CCD841CoN, HT29, 
CFSE-labeled CD3 + T cells 

Challagundla et al. 2015)
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there is another factor that presents a challenge to the 
practical application of miR-155-based treatments 
in medicine—the cost–benefit ratio. This is because 
the expenses associated with both miRNA biologi-
cal products and new nanocarriers are significantly 
higher compared to traditional anti-cancer treatments, 
making it a less viable option.

To conclude, it is vital to validate the findings of 
miRNA summarizing research works in separate sam-
ples as the diversity of gastric cancer samples and 
varying miRNA expression levels in different stages 
of the disease can impact the accuracy and relevance 
of these results. This confirmation is crucial in deter-
mining the dysregulation of miRNAs in different 
contexts within gastric cancer. More studies are nec-
essary to thoroughly analyze the effects of dysfunc-
tional miR-155 in a broader population of patients 
with varying backgrounds, to evaluate its probable 
utility as a diagnostic item for this particular type of 
cancer. In addition, due to the varied levels of miRNA 
in gastric malignancy, there is a need for the devel-
opment of panels consisting of multiple miRNAs for 
diagnostic or prognostic purposes. This is because 
relying on the expression of a specific miRNA is 
unlikely to accurately assess the diagnosis or progno-
sis of all patients.
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