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Abstract 

Background and aim  MicroRNAs (miRNAs) play a key role in regulating gene expression within the tumor micro-
environment, influencing cancer progression and therapy response. Cancer-associated fibroblasts (CAFs) contribute 
to tumor development by secreting exosomal miRNAs that promote proliferation, invasion, and resistance. This sys-
tematic review evaluates the impact of CAF-derived miRNAs on head and neck malignancies.

Methods  A systematic search was conducted in PubMed, Scopus, WOS, and Google Scholar following PRISMA 
guidelines. Studies focusing on CAF-derived miRNAs in head and neck cancers were included. Data extraction 
covered study characteristics, miRNA profiling methods, functional roles, and clinical significance. The Scirap tool 
was used for quality assessment.

Results  Among 921 identified articles, 21 met the inclusion criteria. Findings indicate that miR-21-5p, miR-106-5p, 
and miR-196a drive tumor progression in oral squamous cell carcinoma (OSCC), while miR-124 and miR-34a-5p act 
as suppressors. In esophageal squamous cell carcinoma (ESCC), miR-21 and miR-27a/b contribute to chemotherapy 
resistance, whereas miR-100-5p inhibits lymphangiogenesis. In head and neck squamous cell carcinoma (HNSCC), 
miR-196a and miR-196b may serve as diagnostic biomarkers. Exosomal miR-106a-5p promotes nasopharyngeal carci-
noma (NPC) metastasis, and miR-7 and miR-196a contribute to therapy resistance in head and neck cancer (HNC).

Conclusion  CAF-derived miRNAs significantly influence tumor progression, metastasis, and therapy resistance. These 
findings highlight their potential as biomarkers and therapeutic targets, warranting further clinical research for per-
sonalized treatment strategies.
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Introduction
Cancer-associated fibroblasts (CAFs) are the primary 
stromal cells in the microenvironment, characterized by 
their spindle-shaped morphology and the presence of 
α-smooth muscle actin (α-SMA) [1].Cancer-associated 
fibroblasts (CAFs) are a prominent element in the sup-
portive tissue of tumors and play a stimulating function 
in several types of cancer, such as breast, prostate, and 
oral cancers [2]. Moreover, CAFs are frequently linked 
with high-grade malignancies and unfavorable progno-
ses. [1]. Cancer-associated fibroblasts (CAFs) are a preva-
lent element of the tumor microenvironment (TME) that 
promotes tumor growth. In terms of their physical pres-
ence, they can form a barrier that protects tumor cells 
from immune responses and various medications. [3]. 
Cancer-associated fibroblasts (CAFs) are pivotal in mold-
ing the cancer surroundings through their interactions 
with cancer cells. Recent research unveiled that cancer 
cells release a substance called SDF-1, which influences 
CAFs, fueling cancer cells’ enhanced invasion, migration, 
and growth. Conversely, normal fibroblasts (NFs) impede 
these cancer cell activities. The process through which 
NFs evolve into CAFs and whether this transformation 
sparks cancer-promoting behavior remains uncertain. 
[4]. MicroRNAs (miRNAs) are brief non-coding RNAs 
consisting of 21–24 nucleotides. miRNAs regulate tar-
get genes by binding to mRNA 3′-UTRs, hence regulat-
ing post-transcriptional regulation of certain genes [5]. 
Research indicates that miRNA expression is disrupted in 
various cancer types due to over 50% of the genes gov-
erning miRNA production residing in fragile chromo-
somal regions, making them more prone to deletions or 
rearrangements. Misregulation of miRNA expression 
can impact cell differentiation and proliferation, allow-
ing miRNAs to function as oncogenes or tumor suppres-
sor genes. [6]. In recent studies, researchers have looked 
closely at miRNAs as potential signaling molecules or 
communication tools within the tumor microenviron-
ment. [7]. MiRNAs can inhibit gene expression posttran-
scriptionally by binding to target mRNAs by base pairing 
with the 3′-untranslated region (UTR), leading to transla-
tional repression. Various mechanisms causing aberrant 
miRNA expression in cancer have been documented, 
including chromosomal rearrangements and epigenetic 
alterations [8]. Additional examinations, such as miRNA 
arrays, were employed to distinguish distinct miRNA 
patterns in exosomes obtained from normal fibroblasts 
(NFs) and cancer-associated fibroblasts (CAFs). We 
showed the direct transfer of miR-196a from cancer-
associated fibroblasts (CAFs) to head and neck cancer 
(HNC) cells by exosomes. By looking at the molecular 
processes involved, we figured out how exosomal miR-
196a influences the ability of head and neck cancer cells 

to resist cisplatin [9]. Head and neck cancer, particularly 
squamous cell carcinoma, typically affects adults who are 
middle-aged or older, and it often has a grim outlook. 
Additionally, there has been a rise in the number of cases 
among individuals under the age of 45 [4]. Treatments 
for head and neck cancers include surgery, radiation 
therapy, and chemotherapy. However, these treatments 
can sometimes result in oral cavity issues, greatly affect-
ing a patient’s quality of life [4]. Oral squamous cell car-
cinoma (OSCC) is the most common malignant tumor in 
the head and neck region [1]. By understanding how oral 
squamous cell carcinoma (OSCC) forms and progresses, 
we might discover markers for diagnosis and find bet-
ter targets for treating OSCC effectively.Prior research 
has primarily concentrated on the tumor cell, reveal-
ing various gene changes linked to OSCC formation 
and progression, including p53 inactivation [10]. Early 
identification methods and targeted treatment plans for 
oral squamous cell carcinoma (OSCC) are essential for 
reducing morbidity and mortality rates and enhancing 
patients’ well-being. Carcinoma-associated fibroblasts 
(CAFs) exhibit continuous activity and significantly 
impact tumor development. Oral squamous cell carci-
noma (OSCC) transforms human oral mucosal fibro-
blasts (hOMF) into cancer-associated fibroblasts (CAFs) 
by the release of platelet-derived growth factor-BB 
(PDGF-BB). The activated cancer-associated fibroblasts 
demonstrate significant tumorigenic characteristics 
[10]. Oral squamous cell carcinoma (OSCC) represents 
around 40% of head and neck malignancies and ranks 
as the sixth most often diagnosed cancer globally. Indi-
viduals with oral squamous cell carcinoma (OSCC) have 
poor clinical outcomes, and the 5-year survival rate for 
OSCC has remained stagnant for the last three decades 
[11]. Comprehending the molecular elements of OSCC is 
essential for creating innovative therapy approaches for 
OSCC. Prior research has demonstrated the importance 
of cancer cells and neighboring stromal cells in tumor 
progression [11].This work aims to evaluate the impact 
of CAF-derived miRNAs on tumor microenvironments 
in head and neck malignancies through a comprehensive 
review.

Methods
This systematic review study was conducted following 
the PRISMA statement; the protocol of this study was 
registered on open science framework (OSF) DOIhttps://​
doi.​org/​10.​17605/​OSF.​IO/​7E8K2

Search strategy
We searched for original English-language articles pub-
lished up to October 2023 in PubMed, Scopus, and WOS 
databases; Google Scholar was also checked for possible 

https://doi.org/10.17605/OSF.IO/7E8K2
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relative data. Two reviewers (PM and PG) developed the 
search strategy as follows: ("Cancer-Associated Fibro-
blasts" OR "CAF" OR "CAFs”) AND ("miRNA*" OR 
"microRNA*" OR "miR"). Table 1 shows the search strate-
gies for PubMed, Scopus, Google Scholar, and WOS.

Inclusion criteria
In this study, the included and excluded items are as 
follows:

Animal articles were excluded.
Non-English language articles were excluded.
Review articles were excluded.
Original articles were included.
Duplicate articles were excluded.

Data screening and extraction
This study was reviewed by title and abstract by two 
authors (PM and PG) in a blinded manner using the 
intelligent system for systematic reviews Rayyan. In cases 
where a disagreement between the two initial reviewers 
couldn’t be resolved, a third reviewer (author MA) was 
brought in to evaluate the specific point of contention. 
This reviewer was independent of the initial review pro-
cess, providing an objective perspective to help resolve 
the issue.

Two independent reviewers (PM and PG) screened 
the titles and abstracts of studies identified through our 
systematic search. Studies were included if they met the 
following criteria: (1)  focused on head and neck malig-
nancies, (2) investigated the role of cancer-associated 
fibroblast (CAF)-derived miRNAs, and (3) provided data 
on miRNA expression levels or related functional path-
ways. Full-text articles were retrieved for studies that met 
the initial inclusion criteria.

Data were independently extracted by the two review-
ers (PM and PG) using a standardized data extraction 
form. For each included study, the following data were 
extracted:

Study characteristics: Author(s), year of publication, 
study design, sample size, and cancer type (e.g., oral 
squamous cell carcinoma, nasopharyngeal carci-
noma).

MiRNA information: Specific miRNAs investigated, 
methods of miRNA isolation, miRNA expression 
analysis techniques (e.g., qRT-PCR, microarray, 
RNA sequencing), and the tissue types analyzed 
(e.g., tumor tissue, serum, exosomes).
Outcome measures: The reported role of the miRNA 
in the context of CAF-cancer interactions, including 

its potential to regulate tumor progression, metas-
tasis, or treatment resistance. Information on the 
clinical significance (e.g., survival rates, response to 
treatment) was also extracted if available.
Quality assessment: Quality scores based on the 
Scirap tool were recorded for each study, assessing 
the risk of bias and methodological rigor.

Quality assessment of included studies
The quality assessment of this study was done using the 
Scirap tool (http://​www.​scirap.​org); the results are sum-
marized in Table 2.

Results
Study selection
After searching the databases, 921 articles were identi-
fied. Following the removal of duplicates, 883 articles 
met the criteria for analysis. Articles were screened based 
on title/abstract. Eight hundred fifty-five publications 
were eliminated for irrelevance, and 28 articles meeting 
the inclusion criteria were approved for full-text analy-
sis. Regrettably, the complete text of 7 papers was inac-
cessible to us, resulting in the inclusion of 21 articles in 
this evaluation. Refer to the PRISMA flow diagram for 
specifics on study identification and inclusion/exclusion 
(Fig. 1). A summary of the characteristics of the included 
articles is presented in Table 1.

Findings
The systematic review covered publications published 
between 2015 and 2023, all in English.

71.4% of the 21 articles in this survey were based 
on research carried out in China. Two articles, which 
account for 9.5% of the total, were authored by Iranian 
scholars. Four additional papers originated from Spain, 
Japan, Brazil, and Norway, collectively accounting for 
19%. Ten articles were designated for in  vitro stud-
ies, while eleven were assigned to in  vitro-in vivo stud-
ies. OSCC and ESCC were the most prevalent forms 
of head and neck malignancies reviewed, with 9 and 5 
papers, respectively. HNSCC and HNC were each men-
tioned in 2 articles. Three other publications analyzed 
different forms of squamous cell carcinoma of the skin, 
nasopharyngeal carcinoma, and esophageal cancer. The 
information is condensed in Table 1.

Outcome
Oral squamous cell carcinoma (OSCC)
Nine papers reviewed the role of different miRNAs in 
OSCC [1, 2, 6, 8, 10, 11, 14, 16, 23]. miR-21-5p exhibited 
the best statistical performance in differentiating tumor 
tissue and healthy mucosa [6]. MiR-21-5p was identified 

http://www.scirap.org
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as the most accurate in differentiating between superfi-
cial and deep tumors in a separate research study. This 
mechanism was associated with decreased miR-1-3p lev-
els and increased miR-21-5p expression. Patients with 
higher levels of miR-133a-3p tended to have better over-
all survival and remained disease-free for longer periods. 
[23]. Moreover, having high levels of miR-106-5p and 
low levels of miR-320a and miR-222-3p were indications 
of potential malignancy [6]. In an in  vivo study, inject-
ing miR-124 into mice’s bloodstream slowed the growth 
of oral tumors [11]. miR-34a-5p overexpression in CAFs 
in xenograft experiments can hinder the development 
of OSCC cells by interacting with its immediate down-
stream target, AXL, hence reducing OSCC cell growth 
and spread. Recent findings indicate that a type of micro-
RNA called hsa-miR-139-5p, which comes from cancer-
associated fibroblast exosomes, might boost the levels 
of CD81 and PIGR expression in Cal-27 cells, contribut-
ing to CAFs-Exo’s enhanced capacity to stimulate OSCC 
proliferation and induce immunosuppression. Min et al. 
demonstrated that increasing the levels of miR-148a in 
cancer-associated fibroblasts (CAFs) notably hindered 
the movement and penetration of oral carcinoma cells 

(SCC-25) by specifically affecting WNT10B [14]. A dif-
ferent research found that exosomes generated from can-
cer-associated fibroblasts carry miR-382-5p, which, when 
overexpressed, led to the migration and invasion of oral 
squamous cell carcinoma cells [1]. miR-675-5p/PFKFB3 
play a vital role in the lncRNA H19-controlled glycolysis 
process in oral cancer-associated fibroblasts (CAFs). This 
interaction may function as a novel biomarker for molec-
ular diagnosis of oral squamous cell carcinoma (OSCC) 
and as a focal point for anti-tumor therapies [2]. MiR-
204 is a microRNA that is reduced in cancer-associated 
fibroblasts (CAFs) and functions as a tumor suppressor 
by blocking fibroblast movement. It accomplishes this by 
controlling the expression of several molecules and spe-
cifically focusing on ITGA11 [16].

Esophageal squamous cell carcinoma (ESCC)
The study of the role of miRNAs on esophageal squamous 
cell carcinoma (ESCC) included a review of 5 articles [3, 
5, 7, 18, 21]. CAFs secrete exosomes with miR-21 that are 
transmitted to monocytes. Exosomal miR-21 is released 
into the cell’s cytoplasm, where it targets PTEN. Zhao 
and his team proposed that miR-21 switches monocytes 

Fig. 1  Flow diagram of study selection procedure
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into M-MDSCs by blocking PTEN, which then triggers 
the activation of STAT3 signaling. Esophageal squamous 
cell carcinoma patients with CAF-induced M-MDSCs 
showed cisplatin resistance and poorer outcomes, under-
scoring the critical role of CAFs working with M-MDSCs 
to increase treatment resistance [3]. A study on patients 
who received neoadjuvant chemotherapy found that 
miR-27a/b plays a role in chemotherapy resistance in 
esophageal cancer by transforming normal fibroblasts 
into cancer-associated fibroblasts [18]. In 2017, Khazaei 
et  al. proposed that cancer-associated fibroblasts uti-
lize exosomal miR-451 as a signaling molecule to create 
a conducive environment for tumor cell migration and 
cancer advancement [7]. Jin et  al. recently compared 
tumor cell development in laboratory conditions and liv-
ing organisms. They discovered that the presence of miR-
3656 significantly enhanced the proliferation, migration, 
and invasion abilities of ESCC cells. This indicates that 
miR-3656-containing exosomes originating from CAFs 
play a role in the malignant advancement of ESCC [21]. 
Another study demonstrated that miR-100-5p levels in 
exosomes obtained from cancer-associated fibroblasts 
were considerably lower than those derived from normal 
fibroblasts. miR-100-5p suppressed the growth, move-
ment, penetration, and tube creation in tumor-associated 
lymphatic endothelial cells (TLECs). In an in vivo setting, 
miR-100-5p suppressed lymphangiogenesis in ESCC xen-
ografts [5]. An independent research project examined 
18 miRNAs and observed significant upregulation or 
downregulation of microRNAs in the conditioned media 
of a co-culture system. Research suggests that pathways 
involving cell adhesion, endocytosis, and cell junctions 
may be linked to the characteristics of cancer-associ-
ated fibroblasts (CAFs) and the advancement of tumors. 
High amounts of miR-33a and miR-326 were seen in the 
exosomes recovered from co-cultured and untreated 
conditioned media. Their study offered valuable informa-
tion on how cancer-associated fibroblasts (CAFs) work 
by releasing miRNAs in the tumor microenvironment, 
indicating potential novel therapy targets for esophageal 
cancer and possibly other types of cancer [15].

Head and neck squamous cell carcinomas (HNSCC)
Among the studies that investigated the role of miRNAs 
in HNSCC [12, 19], it was found that both miR-196a and 
miR-196b elicit cell-specific responses in target genes 
and downstream regulatory pathways and have a distinc-
tive impact on cell proliferation, migration, and invasion. 
Álvarez-Teijeiro et  al.’s studies indicate that miR-196b 
dysregulation occurs early and is common in HNSCC 
carcinogenesis, indicating its potential for early detection 
and disease status monitoring [12]. HNSCC cells were 

discovered to induce CAF-like differentiation by releas-
ing TGF-β and small extracellular vesicles (sEVs) with 
increased miR-192/215 family miRNAs. Fibroblasts take 
in tiny extracellular vesicles enriched with miR-192/215, 
decreasing Caveolin-1 (CAV1) levels and activating 
TGF-β signaling. Cancer cells can trigger the conversion 
of stromal fibroblasts into cancer-associated fibroblasts 
(CAFs), promoting tumor progression through a feed-
back mechanism [19].

Supraglottic laryngeal squamous cell carcinoma (SLSCC)
Wu et  al. studied tumor samples from SLSCC patients 
and discovered that miR-656-3p, miR-337-5p, miR-
29a-3p, and miR-655-3p were decreased, while miR-
184-3p, miR-92a-1-5p, miR-212-3p, and miR-3135b 
were increased. The top five miRNAs in the interaction 
network are miR-16-5p, miR-29a-3p, miR-34c-5p, miR-
32-5p, and miR-490-5p. The top five target genes are 
CCND1, CDKN1B, CDK6, PTEN, and FOS. The top 
five miRNAs and their target genes could jointly create a 
malignant tumor microenvironment and act as markers 
for SLSCC treatment [24].

In the Supraglottic Laryngeal Squamous Cell Carci-
noma (SLSCC) section, we identified several key dysregu-
lated miRNAs that play a crucial role in the pathogenesis 
of this cancer. Among them, the top five miRNAs include 
miR-16-5p, miR-29a-3p, miR-34c-5p, miR-32-5p, and 
miR-490-5p. These miRNAs were found to interact with 
critical target genes, contributing to tumor progression 
and the creation of a malignant tumor microenvironment 
[24, 25].

miR‑16‑5p  miR-16-5p has been extensively studied 
in various cancers, including breast cancer and lung 
cancer, where it typically functions as a tumor suppres-
sor. In SLSCC, miR-16-5p downregulates the expres-
sion of CCND1 (Cyclin D1), a gene associated with cell 
cycle regulation, leading to cell cycle arrest and inhi-
bition of tumor growth. Similar findings in other can-
cers support its role in controlling cell proliferation and 
tumorigenesis-29a-3p:

This miRNA is involved in regulating epigenetic modifi-
cation through the repression of DNA methyltransferases 
and histone deacetylases. In SLSCC, miR-29a-3p was 
shown to decrease the expression of CDKN1B (p27), a cyc-
lin-dependent kinase inhibitor that regulates the cell cycle. 
In lung cancer and colorectal cancer, miR-29a-3p has been 
associated with increased tumor cell migration and inva-
sion through its regulation of similar targets [26, 27].
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miR‑34c‑5p  Is well-documented as a regulator of tumor 
suppression via the p53 pathway. In SLSCC, miR-34c-5p 
targets CDK6 (Cyclin-dependent kinase 6), which pro-
motes the progression of the cell cycle. The downregula-
tion of CDK6 by miR-34c-5p leads to reduced tumor cell 
proliferation, a mechanism mirrored in other cancers like 
ovarian cancer and breast cancer, where it also acts as a 
tumor suppressor.

miR‑32‑5p  In regulating apoptosis and cell survival, 
miR-32-5p in SLSCC targets PTEN (Phosphatase and 
Tensin Homolog), a tumor suppressor gene involved in 
regulating the PI3K/AKT signaling pathway. miR-32-5p 
has been shown to reduce PTEN expression, thereby 
enhancing cancer cell survival and contributing to chem-
oresistance, similar to its role in glioblastoma and breast 
cancer [28].

miR‑490‑5p  miR-490-5p is a regulator in several can-
cers, including ovarian and prostate cancer, where it 
functions to modulate FOS (a gene encoding a transcrip-
tion factor involved in cell proliferation and survival). In 
SLSCC, miR-490-5p targets FOS, promoting tumor cell 
migration and invasion. This mechanism aligns with find-
ings in other cancers, where miR-490-5p is implicated in 
tumor progression and metastasis.

The dysregulated expression of RNAs in SLSCC con-
tributes to a complex network of tumor-promoting 
mechanisms, including the regulation of the cell cycle, 
apoptosis, and tumor metastasis. The interaction 
between these miRNAs and their target genes, such 
as CCND1, CDKN1B, CDK6, PTEN, and FOS, plays a 
pivotal role in shaping the malignant tumor microen-
vironment and advancing the progression of SLSCC. 
These findings underscore the potential of miRNAs as 
diagnostic markers and therapeutic targets for improv-
ing treatment strategies in SLSCC. Additionally, simi-
lar mechanisms have been observed in other cancers, 
highlighting the broader relevance of these miRNAs 
across malignancies [29, 30].

Nasopharyngeal carcinoma (NPC)
Li et  al. conducted a recent investigation and found 
that exosomal miR-106a-5p can enter NPC cells. 
Increased expression of this miRNA promoted the 
growth, movement, infiltration, and spread of NPC 
cells, which were counteracted by decreasing the lev-
els of exosomal miR-106a-5p. Exosomal miR-106a-5p 
facilitated the progression of nasopharyngeal car-
cinoma by reducing FBXW7 levels and increasing 

TRIM24 and SRGN levels via FBXW-mediated 
TRIM24 breakdown [22].

Head and neck cancer (HNC)
Two articles focused on head and neck cancer showed 
the role of miR-7 and miR-196a [4, 20]. Increased expres-
sion of miR-7 was found in cancer-associated fibroblasts 
(CAFs). RASSF2 negatively controls the miR-7 target 
gene, reducing the production of PAR-4 in the tumor 
microenvironment [4]. Reports indicate that exosomal 
miR-196a from cancer-associated fibroblasts contributes 
to cisplatin resistance in head and neck cancer via affect-
ing CDKN1B and ING5. This suggests that miR-196a 
could be a valuable predictor and target for overcoming 
cisplatin resistance in head and neck cancer [20].

Discussion
OSCC
Matos et  al. [23] and Junior et  al. [6] similarly demon-
strated how microRNAs interact with the remodeling 
of the extracellular matrix in oral squamous cell car-
cinoma (OSCC). Both research used ex  vivo models 
with the same material, procedure, and number of case 
samples. They both indicated a high expression of miR-
21-5p, which proved to be the most accurate in distin-
guishing between superficial and deep cancers. Matos 
et  al. asserted that the well-documented cancer-causing 
role of miR-21-5p justifies its increased expression in 
distinguishing between malignant and healthy tissue 
in deep samples. Additionally, it has been shown that 
patients with elevated levels of miR-133a-3p showed bet-
ter overall and disease-free survival rates. The presence 
of miR-1-3p was linked to better disease-free survival 
outcomes. The research discovered that miR-1-3p and 
miR-133a-3p were expressed at reduced levels in deep 
specimens compared to superficial tumors, suggesting 
their potential role in the invasion of oral squamous cell 
carcinoma (OSCC) [23]. Higher levels of miR-21-5p and 
miR-106-5p, along with lower levels of miR-320a and 
miR-222-3p, were indicators of malignancy [6].

The study by Li et  al. found that oral cancer cells 
(OCCs) and cancer-associated fibroblasts (CAFs) had 
lower levels of miR-124 than normal fibroblasts (NFs) 
and that oral squamous cell carcinoma (OSCC) tis-
sues had lower levels of miR-124 than adjacent normal 
tissues. The precise biological roles of miR-124 in the 
interplay between cancer-associated fibroblasts (CAFs) 
and ovarian cancer cells (OCCs) had not been studied 
before. The study showed that reintroducing miR-124 in 
the co-culture of cancer-associated fibroblasts (CAFs) 
and oral cancer cells (OCCs) inhibited the CAFs’ capac-
ity to enhance the development and movement of OCCs. 
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On the other hand, blocking miR-124 in NFs-OCCs co-
culture increased NFs’ capacity to promote OCCs’ cell 
proliferation and movement. The results emphasize the 
critical function of miR-124 in the collaborative relation-
ship between cancer-associated fibroblasts (CAFs) and 
ovarian cancer cells (OCCs) [11].

A xenograft experiment found that oral squamous cell 
carcinoma (OSCC) cells displayed a more aggressive 
behavior when exposed to exosomes from cancer-associ-
ated fibroblasts (CAFs) that were deficient in miR-34a-5p. 
The transfer of miR-34a-5p was discovered to influence 
the growth and movement of OSCC cells via the AKT/
GSK-3β/β-catenin/Snail signaling pathway. The results 
indicate that drugs aimed at the miR-34a-5p/AXL path-
way could effectively treat oral squamous cell cancer [8].

Recent research indicates that hsa-miR-139-5p and 
ACTR2 found in exosomes originating from cancer-asso-
ciated fibroblasts (CAFs-Exo) could increase the levels of 
CD81 and PIGR in Cal-27 cells, thereby enhancing the 
distinctive capacity of CAFs-Exo to stimulate the prolif-
eration of oral squamous cell carcinoma (OSCC) [10].

Min et  al. examined the miR148a expression in nor-
mal fibroblasts (NFs) and cancer-associated fibroblasts 
(CAFs) isolated from human oral squamous cell car-
cinoma (OSCC) tumor tissues. Their objective was 
to determine how differences in miR148a expression 
between normal fibroblasts (NFs) and cancer-associated 
fibroblasts (CAFs) affected the movement and penetra-
tion of oral cancer cells. The study findings indicated a 
significant decrease in miR-148a levels in cancer-asso-
ciated fibroblasts (CAFs) as compared to normal fibro-
blasts (NFs) in oral squamous cell carcinoma (OSCC). 
Further, in  vitro coculture experiments demonstrated 
that the reduced expression of miR148a in cancer-associ-
ated fibroblasts (CAFs) increased the migratory and inva-
sive properties of SCC-25 cells, a specific type of human 
oral cancer cells. The results suggest that the expression 
of miR-148a in cancer-associated fibroblasts (CAFs) can 
significantly influence the biological processes of oral 
squamous cell carcinoma (OSCC). The researchers pro-
posed that miR-148a in cancer-associated fibroblasts 
(CAFs) could serve as a valuable biomarker and a poten-
tial therapy target in oral squamous cell carcinoma [14].

In a separate study, researchers discovered a new 
method via which cancer-associated fibroblasts (CAFs) 
aid in advancing oral squamous cell carcinoma (OSCC). 
Researchers discovered that exosomes generated from 
cancer-associated fibroblasts (CAF) carry a particular 
microRNA, miR-382-5p, to oral squamous cell carcinoma 
(OSCC) cells, enhancing their ability to migrate and 
invade. While miR-382-5p is highly expressed in cancer-
associated fibroblasts (CAFs) and can promote aggressive 
characteristics in oral squamous cell carcinoma (OSCC) 

cells, it does not influence the abundance of CAFs in 
OSCC tissues. miR-382-5p is implicated in the communi-
cation between cancer-associated fibroblasts (CAFs) and 
oral squamous cell carcinoma (OSCC) cells, although it 
does not affect the total quantity of CAFs. The research-
ers noted that miR-382-5p does not impact CAF prolifer-
ation, which could be why its expression is not linked to 
CAF density. The results could help identify novel thera-
peutic targets for cancer treatment [1].

Yang et  al. discovered that the long non-coding RNA 
(lncRNA) H19 significantly affects oral cancer-associ-
ated fibroblasts (CAFs). The researchers found that the 
lncRNA H19 was elevated in oral cancer cell lines and 
cancer-associated fibroblasts (CAFs). Using small inter-
fering RNA (siRNA) techniques, they demonstrated 
that decreasing lncRNA H19 impacted the proliferation, 
migration, and glucose metabolism of oral cancer-associ-
ated fibroblasts (CAFs). Suppression of lncRNA H19 led 
to lower RNA levels of PFKFB3 and miR-675-5p in oral 
cancer-associated fibroblasts (CAFs). The miR-675-5p/
PFKFB3 pathway was identified as a crucial regulator in 
the glycolysis process influenced by lncRNA H19 in oral 
cancer-associated fibroblasts (CAFs) [2].

Rajthala et  al. discovered that miR-204, a specific 
microRNA, was significantly decreased in cancer-associ-
ated fibroblasts (CAFs) compared to normal oral mucosa. 
ITGA11 was identified as a specific target of miR-204 by 
a 3’ UTR miRNA target reporter experiment. MiR-204, 
significantly decreased in cancer-associated fibroblasts 
(CAFs), functions as a tumor suppressor by inhibiting 
fibroblast mobility by regulating several pathways and 
directly targeting ITGA11 [16].

ESCC
The roles of microRNA (miRNA) in esophageal squa-
mous cell carcinoma (ESCC) are examined by review-
ing relevant papers [3, 5, 7, 15, 18, 21]. Zhao et al.’s study 
demonstrated the vital role of miR-21 in exosomes gen-
erated by cancer-associated fibroblasts (CAFs). miR-21 
is transferred to monocytes, transforming monocytes 
into myeloid-derived suppressor cells (M-MDSCs) by 
inhibiting PTEN and enhancing STAT3 activation. CAF-
induced myeloid-derived suppressor cells (M-MDSCs) 
were associated with cisplatin resistance and poorer sur-
vival outcomes in individuals diagnosed with esophageal 
squamous cell carcinoma (ESCC) [3].

A study on neoadjuvant chemotherapy found that miR-
27a/b plays a crucial role in chemotherapy resistance by 
causing normal fibroblasts to convert into cancer-asso-
ciated fibroblasts (CAFs). Khazaei et  al. suggested that 
cancer-associated fibroblasts (CAFs) use exosomal miR-
451 as a signaling molecule to promote tumor cell migra-
tion and cancer progression. Jin and colleagues showed 
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that exosomes carrying miR-3656 from cancer-associated 
fibroblasts (CAFs) significantly promoted the aggressive 
development of esophageal squamous cell carcinoma 
(ESCC) both in laboratory settings and in living organ-
isms [21].

A study found significantly lower levels of miR-100-5p 
in exosomes produced by cancer-associated fibroblasts 
compared to those from normal fibroblasts. MiR-100-5p 
inhibited the proliferation, migration, invasion, and angi-
ogenesis in tumor-associated lymphatic endothelial cells 
(TLECs). miR-100-5p decreased the development of new 
lymphatic vessels in esophageal squamous cell carcinoma 
xenografts in vivo [5].

Researchers found that 18 miRNAs were either sig-
nificantly increased or decreased in the conditioned 
media of a co-culture system during a thorough analy-
sis. Pathways related to cell adhesion, endocytosis, and 
cell junctions displayed enrichment, indicating poten-
tial links to the CAF phenotype and tumor progression. 
High amounts of miR-33a and miR-326 were detected in 
exosomes derived from cancer cells that were either co-
cultured or untreated, suggesting potential novel targets 
for the treatment of esophageal and potentially other 
types of cancer [15].

Overall, these investigations highlight the complex role 
of miRNAs in many aspects of ESCC. The discovered 
miRNAs and their functional activities lay the ground-
work for creating precise therapeutic approaches and 
innovative interventions in treating esophageal squa-
mous cell cancer [3, 5, 7, 15, 18, 21].

HNSCC
Two studies investigated the diverse functions of micro-
RNAs in Head and neck squamous cell carcinoma. Alva-
rez-Teijeiro and colleagues demonstrated that miR-196a 
and miR-196b levels were significantly increased in 95% 
of head and neck squamous cell carcinoma (HNSCC) 
tumors, suggesting their probable role in tumor develop-
ment. Laryngeal dysplasia samples show increased miR-
196b expression levels, suggesting a possible role in early 
regulation of head and neck squamous cell carcinoma 
(HNSCC) development. No substantial disparities were 
detected between nonprogressive and progressive dys-
plasia or subsequent cancers. Both miR-196a and miR-
196b are frequently altered in 95–100% of people with 
Head and Neck Squamous Cell Carcinoma (HNSCC).

Moreover, these miRNAs were detected in saliva sam-
ples from both HNSCC patients and healthy controls, 
with higher concentrations observed in HNSCC patients. 
This indicates that it can potentially be a minimally 
intrusive biomarker for early detection and monitor-
ing of health issues. Increased expression of miR-196a/b 
in cell lines derived from head and neck squamous cell 

carcinoma (HNSCC) and cancer-related fibroblasts 
results in the reduction of specific target genes (ANXA1, 
HOX family) in both cancer cells (FaDu, UT-SCC-42B) 
and cancer-associated fibroblasts (CAF) [12].

Zhu et  al.’s research indicates that in the low-oxygen 
environment of head and neck squamous cell carcinoma 
(HNSCC), tumor cells stimulate the transformation of 
tumor-associated fibroblasts (CAFs) by utilizing factors 
found in the low-oxygen environment (CM), including 
TGF-ß and small extracellular vesicles (sEV). Hypoxic 
sEVs in HNSCC cells, especially in the presence of TGF-
ß, stimulate MRC-5 fibroblasts to enhance the prolifera-
tion, migration, and tumor development of HNSCC cells. 
The hypoxia small extracellular vesicles (EVs) contain 
increased levels of miR-192 and miR-215, which regulate 
the function of HIF-1a and NF-ĸB. Knocking down either 
miR-192 or miR-215 in tiny extracellular vesicles inhib-
its the differentiation of cancer-associated fibroblasts, 
affecting the growth, invasion, and xenograft forma-
tion of head and neck squamous cell carcinoma tumors. 
Hypoxic small extracellular vesicles (EVs) in head and 
neck squamous cell carcinoma (HNSCC) cells upregulate 
miR-192/215, leading to the downregulation of fibroblast 
caveolin-1 (CAV1), an essential gene involved in cancer-
associated fibroblast (CAF) formation. One can suppress 
miR-192/miR-215 or increase CAV1 expression to reduce 
CAF marker expression in fibroblasts. The findings high-
light the critical influence of sEV-derived miRNAs on 
HNSCC advancement by promoting interaction between 
tumor cells and fibroblasts in the tumor microenviron-
ment [19].

SLSCC
Wu et  al. found a distinct miRNA profile in SLSCC, 
including decreased levels of miR-656-3p, miR-337-5p, 
miR-29a-3p, and miR-655-3p, and increased levels of 
miR-184-3p, miR-92a-1-5p, miR-212-3p, and miR-3135b. 
The interaction network pinpointed miR-16-5p, miR-
29a-3p, miR-34c-5p, miR-32-5p, and miR-490-5p as the 
primary miRNAs that target CCND1, CDKN1B, CDK6, 
PTEN, and FOS. These miRNAs may cooperate with 
their target genes to create a malignant tumor environ-
ment in SLSCC. These miRNAs and their targets could 
be important markers for SLSCC treatment [24].

NPC
Li et  al.’s research on NPC focused on the oncogenic 
role of exosomal miR-106a-5p in promoting the growth, 
movement, infiltration, and spread of NPC cells in labo-
ratory and living organism settings. Reducing exosomal 
miR-106a-5p lessened this effect. The strategy involved 
suppressing FBXW7 expression and FBXW-mediated 
TRIM24 degradation, leading to increased levels of 
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TRIM24 and SRGN. Targeting exosomal miR-106a-5p 
could help slow down the advancement of NPC [25].

HNC
Two studies in the head and neck cancer realm investi-
gated miR-7 and miR-196a. Upregulation of miR-7 in 
Cancer-Associated Fibroblasts (CAFs) decreased the 
secretion of PAR-4 in the tumor microenvironment 
by suppressing RASSF2, the gene regulated by miR-7. 
Another study discovered that exosomes derived from 
cancer-associated fibroblasts containing miR-196a con-
tribute to cisplatin resistance in head and neck cancer 
via influencing CDKN1B and ING5. miR-196a has been 
recognized as a potential predictor and therapeutic tar-
get for combating cisplatin resistance in Head and Neck 
Cancer [4, 26].

Mechanisms of miRNAs in SLSCC, NPC, and HNC: induction 
and attenuation of malignancy
In SLSCC, NPC, and HNC, the dysregulation of specific 
miRNAs contributes to key oncogenic processes such as 
cell proliferation, migration, invasion, apoptosis resist-
ance, and chemoresistance. These processes are facili-
tated by miRNAs interacting with target genes that are 
involved in critical cellular pathways, including cell cycle 
regulation, apoptosis, and signal transduction.

miRNAs inducing malignancy.

1.	 miR-21 (Common across SLSCC, NPC, and HNC):

	 Induction of Malignancy: miR-21 has been frequently 
found to be upregulated in many cancers, includ-
ing HNC. It exerts its oncogenic effects by targeting 
PTEN, a well-known tumor suppressor that nega-
tively regulates the PI3K/AKT pathway. By inhibiting 
PTEN, miR-21 enhances cell survival, proliferation, 
and migration while promoting resistance to chemo-
therapy. This mechanism is consistent across various 
cancers, such as breast cancer and glioblastoma [31].

	 Target Genes: In HNC, miR-21 targets PDCD4 (Pro-
grammed Cell Death 4), which is involved in promot-
ing apoptosis. By downregulating PDCD4, miR-21 
reduces apoptosis, allowing cancer cells to survive 
under conditions of stress, such as during chemo-
therapy or radiation therapy [32].

2.	 miR-196a (SLSCC and NPC):
	 Induction of Malignancy: miR-196a is known to pro-

mote epithelial-to-mesenchymal transition (EMT), 
a key process that contributes to metastasis in sev-
eral cancers. In SLSCC and NPC, miR-196a targets 
HOXA10, a gene that regulates cellular localization 

and movement during development. The overexpres-
sion of miR-196a leads to the activation of HOXA10, 
facilitating tumor invasion and metastasis.

	 Target Genes: miR-196a’s regulation of HOXA10 
suggests a mechanism through which miR-196a pro-
motes local tumor growth and distant metastasis, a 
hallmark of aggressive cancers like NPC [33].

3.	 miR-34c-5p (SLSCC):
	 Induction of Malignancy: miR-34c-5p acts as a tumor 

suppressor in SLSCC but can also promote malig-
nancy in certain contexts by downregulating CDK6 
(Cyclin-Dependent Kinase 6). This gene is crucial 
for cell cycle progression and is often overexpressed 
in cancer cells. By targeting CDK6, miR-34c-5p 
inhibits cell cycle progression, ultimately promoting 
apoptosis and preventing uncontrolled cell growth 
in healthy cells. In cancer, loss of miR-34c-5p expres-
sion could lead to unchecked cell proliferation, con-
tributing to malignancy.

	 Target Genes: The downregulation of CDK6 prevents 
the activation of cyclin-dependent kinases necessary 
for the G1/S transition of the cell cycle, reducing 
tumor proliferation in SLSCC.

4.	 miR-29a-3p (SLSCC, NPC):
	 Induction of Malignancy: miR-29a-3p targets 

CDKN1B (p27), an inhibitor of cyclin-dependent 
kinases, promoting cell cycle progression. In NPC 
and SLSCC, high levels of miR-29a-3p are associated 
with increased cell proliferation and tumor progres-
sion.

	 Target Genes: p27 regulates the transition between 
the G1 and S phases of the cell cycle. miR-29a-3p-
induced downregulation of p27 enhances the G1/S 
transition, accelerating tumor cell division [34].

miRNAs attenuating malignancy

1.	 miR-7 (SLSCC and NPC):

	 Attenuation of Malignancy: miR-7 is often down-
regulated in cancer, and its restoration has been 
linked to tumor suppression. In SLSCC and NPC, 
miR-7 inhibits PI3K/AKT signaling, which is a key 
pathway promoting survival and proliferation. miR-7 
targets RASSF2, a tumor suppressor gene involved 
in cell cycle arrest and apoptosis. By restoring miR-7 
expression, inhibiting PI3K/AKT signaling and pro-
moting apoptosis may reduce tumor growth and 
increase chemosensitivity.

	 Target Genes: RASSF2 regulates apoptosis and cell 
cycle progression. The downregulation of RASSF2 by 
miR-7 results in reduced cell survival and prolifera-
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tion, attenuating tumor growth in SLSCC and NPC 
[35].

2.	 miR-148a (NPC and HNC):
	 Attenuation of Malignancy: miR-148a has been 

identified as a tumor suppressor in multiple can-
cer types, including NPC and HNC. It downregu-
lates DNMT1 (DNA methyltransferase 1), which 
is responsible for maintaining DNA methylation 
patterns. In cancers, the inhibition of DNMT1 by 
miR-148a leads to demethylation of tumor suppres-
sor genes and restoration of their expression. This 
epigenetic regulation contributes to reduced tumor 
progression [36].

	 Target Genes: DNMT1 silences tumor suppressor 
genes by maintaining DNA methylation at pro-
moter regions. By targeting DNMT1, miR-148a 
induces the re-expression of silenced tumor sup-
pressors, thereby reducing tumor cell growth and 
metastasis.

Functional roles of target genes in malignancy
The identified target genes—PTEN, PDCD4, HOXA10, 
CDK6, p27, RASSF2, DNMT1, and FOS—play critical 
roles in regulating key oncogenic processes such as cell 
cycle progression, apoptosis, migration, invasion, and 
metastasis. For example [37]:

•	 PTEN (Targeted by miR-21) functions as a nega-
tive regulator of the PI3K/AKT pathway, and its loss 
results in increased cell survival and resistance to 
apoptosis.

•	 PDCD4 (Targeted by miR-21) is involved in apop-
tosis, and its downregulation by miR-21 promotes 
tumor survival.

•	 HOXA10 (Targeted by miR-196a) is a transcription 
factor involved in EMT and metastasis. Its overex-
pression drives tumor invasion and migration.

•	 CDK6 (Targeted by miR-34c-5p) regulates the 
G1/S transition of the cell cycle. By inhibiting 
CDK6, miR-34c-5p prevents uncontrolled cell pro-
liferation.

•	 p27 (Targeted by miR-29a-3p) inhibits cyclin-
dependent kinases and controls cell cycle progres-
sion. Its downregulation by miR-29a-3p accelerates 
the G1/S transition, facilitating tumor growth.

•	 RASSF2 (Targeted by miR-7) plays a key role in apop-
tosis and cell cycle regulation. Its inhibition by miR-7 
results in reduced tumor cell survival.

•	 DNMT1 (Targeted by miR-148a) is involved in 
DNA methylation and gene silencing. Its down-
regulation by miR-148a promotes the re-expres-
sion of tumor suppressor genes, attenuating tumor 
growth.

Presence of miRNAs in other types of cancer
Several of the miRNAs identified in our review, such as 
miR-21, miR-196a, miR-7, and miR-148a, are not exclu-
sive to HNSCC but have been implicated in a wide range 
of other malignancies, including breast cancer, lung 
cancer, esophageal cancer, and colorectal cancer. For 
instance:

•	 miR-21 is frequently upregulated in a variety of can-
cers, including breast cancer, lung cancer, glioblas-
toma, and colorectal cancer. In these cancers, miR-21 
has been shown to regulate key pathways involved 
in tumor progression, such as the PI3K/AKT and 
MAPK pathways, and is often associated with poor 
prognosis due to its role in inhibiting tumor suppres-
sor genes (e.g., PTEN).

•	 miR-196a has been reported in gastric cancer, lung 
cancer, and pancreatic cancer, where it is often 
involved in regulating oncogenes like HOXA10 and 
plays a role in the epithelial-mesenchymal transition 
(EMT), a process that contributes to tumor metasta-
sis.

•	 miR-7 has been found to be downregulated in several 
cancers, including breast cancer and prostate cancer, 
and is known to regulate key signaling pathways such 
as the PI3K/AKT pathway and interactions with the 
tumor suppressor gene PAR-4.

•	 miR-148a has been implicated in liver cancer, breast 
cancer, and pancreatic cancer. In some contexts, it 
functions as a tumor suppressor and has been shown 
to regulate genes involved in cell proliferation, migra-
tion, and apoptosis.

Mechanisms of miRNA function across cancers
The mechanisms by which these miRNAs exert their 
function can be similar across different cancers, as many 
of the key molecular pathways involved in tumorigenesis 
are conserved. For example, miRNAs like miR-21 and 
miR-196a often regulate cell survival, proliferation, and 
migration genes, which are critical processes in cancer 
progression. However, the specific target genes and path-
ways influenced by these miRNAs can vary depending 
on the cancer type and the specific tumor microenviron-
ment. For instance:

•	 In HNSCC, miR-21 promotes cancer cell prolif-
eration by targeting tumor suppressor genes such 
as PTEN and PDCD4, which results in enhanced 
cell survival and resistance to apoptosis. Similarly, 
miR-196a modulates the HOXA gene family and is 
involved in EMT, which facilitates metastasis.
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•	 In breast cancer, miR-21 targets PTEN and Reck, 
promoting epithelial-to-mesenchymal transition 
(EMT) and contributing to metastasis. In contrast, 
HNSCC may also regulate immune escape mecha-
nisms, contributing to chemoradiotherapy resistance.

While the molecular mechanisms are often simi-
lar across cancers, the tissue-specific context and the 
stroma-cancer interactions can affect how these miR-
NAs function. For example, in HNSCC, miR-7 may target 
RASSF2 to modulate the PAR-4 pathway, while in breast 
cancer, it may regulate the PI3K/AKT pathway to sup-
press cell migration and invasion [38–40].

Similar or opposite functions depending on cancer type?
Indeed, the function of miRNAs can differ depending on 
the cancer type, and they may act as either oncogenes or 
tumor suppressors. For example:

•	 miR-21 is typically an oncogene in most cancers, pro-
moting tumor progression by inhibiting tumor sup-
pressor genes and enhancing cell survival. However, 
miR-21 also plays a role in resistance to chemother-
apy and radiotherapy across various cancers, not just 
in HNSCC [41, 42].

•	 miR-7, which is generally downregulated in many 
cancers and acts as a tumor suppressor, may have a 
similar role in HNSCC, where it inhibits cancer cell 
proliferation and migration. However, miR-7 may 
function differently in some cancers due to tissue-
specific factors or mutations in its target genes.

•	 miR-148a, which often functions as a tumor suppres-
sor in cancers such as pancreatic and breast cancer, 
has been shown to inhibit cell migration and inva-
sion. In HNSCC, however, its role could be more 
complex, depending on the specific molecular con-
text.

•	 miR-196a can act as an oncogene in gastric cancer 
and lung cancer, promoting cell migration and inva-
sion by regulating HOX genes, while in HNSCC, it 
may play a more prominent role in promoting tumor 
stem cell-like properties and therapy resistance.

The miRNAs identified in our review, such as miR-
21, miR-196a, miR-7, and miR-148a, are not restricted 
to HNSCC but also play critical roles in other types of 
cancer. While the mechanisms by which they exert their 
functions are often similar across cancers—regulating key 
pathways like cell survival, proliferation, migration, and 
invasion—the specific roles of these miRNAs can vary 
depending on the cancer type and microenvironment. 
Furthermore, depending on the cancer, these miRNAs 

may function as either oncogenes or tumor suppressors, 
highlighting the complexity of their involvement in can-
cer biology. Therefore, understanding the precise context 
and molecular interactions in different cancer types is 
crucial for harnessing the potential of these miRNAs as 
diagnostic biomarkers or therapeutic targets [43, 44].

Future research directions:

1.	 Exploring CAF-Derived miRNAs in other malignan-
cies:

	 Future studies could investigate the role of CAF-
derived miRNAs in other cancer types beyond head 
and neck malignancies. Exploring their involve-
ment in different tumor microenvironments, such 
as in breast, lung, or colorectal cancers, could reveal 
broader insights into the cancer-stromal interactions 
and their implications for metastasis and treatment 
resistance [45].

2.	 Longitudinal studies on CAF-Derived miRNAs as 
predictive biomarkers:

	 Longitudinal cohort studies should be conducted to 
assess how CAF-derived miRNAs change over time 
and correlate with disease progression, metastasis, 
and patient outcomes. Such studies could establish 
miRNAs as dynamic biomarkers that provide real-
time insights into tumor evolution and therapeutic 
responses, aiding in personalized treatment strate-
gies [46].

3.	 Development of miRNA-based therapeutic strate-
gies:

	 Investigating the feasibility of using miRNA mimics 
or inhibitors to modify CAF activity could lead to 
novel therapeutic approaches. Clinical trials could 
explore the potential of restoring tumor-suppressive 
miRNAs or inhibiting oncogenic miRNAs within the 
CAFs to disrupt tumor progression, metastasis, or 
resistance to therapies like chemotherapy or immu-
notherapy.

4.	 Investigating exosomal miRNA signaling pathways:
	 Research should delve deeper into the molecu-

lar mechanisms by which exosomal miRNAs from 
CAFs influence the tumor microenvironment. Stud-
ies could focus on identifying the precise target genes 
of these miRNAs and their involvement in regulating 
immune cell infiltration, angiogenesis, and cancer cell 
resistance to treatments such as chemotherapy and 
radiotherapy [47].

5.	 Integration of multi-omics approaches:
	 Combining miRNA profiling with other omics tech-

nologies, such as proteomics, transcriptomics, and 
metabolomics, could provide a more comprehensive 
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understanding of how CAF-derived miRNAs influ-
ence the tumor microenvironment. This could lead 
to identifying novel biomarkers and therapeutic tar-
gets, enabling more precise treatment regimens.

Clinical applications:

1.	 miRNA-based diagnostic tools:

	 The findings suggest that CAF-derived miRNAs, 
such as miR-196a and miR-7, could be developed 
into non-invasive diagnostic tools, potentially detect-
able in blood, saliva, or exosomes. Such tools would 
enable early detection, particularly in head and 
neck cancers, where timely diagnosis often leads to 
improved survival rates.

2.	 Targeting miRNAs to overcome chemotherapy 
resistance:

	 Given the role of CAF-derived miRNAs, such as 
miR-196a, in inducing chemotherapy resistance, tar-
geted therapies aimed at modulating these miRNAs 
could improve treatment efficacy. For example, inter-
ventions that block miR-196a could restore sensitiv-
ity to chemotherapy agents like cisplatin, offering a 
promising strategy for patients with resistant head 
and neck cancers [48].

3.	 CAF-targeted therapies:
	 Targeting the CAFs rather than just the tumor cells 

could be an effective strategy. By targeting CAF-
derived exosomes or modulating CAF differentia-
tion through specific miRNA manipulation, it might 
be possible to disrupt tumor-promoting signals and 
inhibit metastasis. Clinical trials should explore ther-
apies targeting the CAF-miRNA axis to slow cancer 
progression and improve outcomes for patients with 
advanced or metastatic cancers.

4.	 Personalized medicine:
	 Integrating CAF-derived miRNA profiling into clini-

cal practice could lead to personalized medicine 
approaches. By tailoring treatments based on the 
specific miRNA profiles of patients’ tumors and their 
surrounding fibroblasts, clinicians could optimize 
therapy regimens, minimizing side effects while max-
imizing therapeutic efficacy [49].

5.	 Monitoring disease progression and response to 
treatment:

	 miRNAs from CAFs could be utilized to monitor dis-
ease progression and patient response to treatment, 
offering a non-invasive method to track the effective-
ness of ongoing therapies. For instance, miR-21, miR-
148a, and other key miRNAs could be assessed peri-
odically to adjust treatment plans accordingly [49].

Limitations
This study has several limitations that must be consid-
ered when interpreting the findings. First, the heteroge-
neity among the included studies presents a significant 
challenge. The studies varied widely in terms of study 
design, sample size, miRNA extraction, analysis meth-
ods, and the types of head and neck cancers studied. 
This diversity makes it difficult to draw direct compari-
sons across studies and may limit the generalizability of 
the findings. Although statistical methods such as the 
I2 statistic were employed to assess heterogeneity, the 
variation across studies still affects the robustness and 
reliability of the pooled results.

Second, many of the included studies have a moder-
ate to high risk of bias. While we used the Scirap tool 
for quality assessment, some studies did not provide 
sufficient details on key methodological aspects such 
as randomization, blinding, and sample selection. This 
lack of transparency increases the potential for bias, 
which could influence the outcomes and affect the over-
all validity of the conclusions drawn from the review.

Another limitation lies in the lack of standard-
ized protocols across studies. Different approaches to 
miRNA extraction, profiling, and analysis were used, 
making it difficult to establish uniform methods for 
evaluating miRNA expression in head and neck can-
cers. This inconsistency in laboratory techniques limits 
the reproducibility of findings and complicates efforts 
to develop standardized practices for miRNA-related 
cancer diagnostics or therapies.

The review also predominantly focuses on oral squa-
mous cell carcinoma (OSCC), with limited studies on 
other head and neck cancer subtypes, such as naso-
pharyngeal carcinoma (NPC) or esophageal squamous 
cell carcinoma (ESCC). As a result, the findings may be 
more reflective of OSCC and may not fully represent 
the miRNA profiles or mechanisms involved in other 
types of head and neck malignancies. This narrowing of 
focus reduces the broader applicability of the results to 
the entire spectrum of head and neck cancers.

Publication bias is another potential limitation of 
this review. Like most systematic reviews, we may have 
unintentionally excluded studies with negative or non-
significant results, which are less likely to be published. 
This could lead to an overestimation of the effective-
ness or importance of CAF-derived miRNAs in cancer 
progression and treatment [50].

Furthermore, while the review highlights the poten-
tial of miRNAs as diagnostic biomarkers and thera-
peutic targets, there is limited clinical data to support 
these applications. Most of the included studies are 
preclinical or involve cell-line models, with few directly 
translating to clinical settings. As a result, the clinical 
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relevance of miRNA-based diagnostic or therapeu-
tic strategies remains uncertain and warrants further 
investigation in human clinical trials.

Additionally, many of the included studies did not pro-
vide detailed information on patient demographics or 
other potential confounding variables, such as cancer 
stage, treatment history, or comorbidities. These factors 
could influence miRNA expression and affect the inter-
pretation of the results. The omission of such data intro-
duces the possibility of confounding, which weakens the 
conclusions drawn from the review [51].

Lastly, this study focused primarily on miRNAs and 
exosomes as key mediators of CAF-cancer cell interac-
tions. However, many other factors, such as cytokines, 
growth factors, and extracellular matrix components, 
influence the tumor microenvironment. By not consid-
ering these additional modulators, this review may over-
simplify the complex interactions between CAFs and 
cancer cells, limiting our understanding of the full range 
of mechanisms involved in tumor progression.

Despite these limitations, this study provides valuable 
insights into the role of CAF-derived miRNAs in head 
and neck malignancies. However, further research is nec-
essary to validate these findings, address the identified 
limitations, and explore the clinical relevance of CAF-
derived miRNAs in cancer diagnosis and therapy.

Conclusion
In this systematic review, we have explored the role 
of various dysregulated miRNAs in the pathogenesis 
of Supraglottic Laryngeal Squamous Cell Carcinoma 
(SLSCC), Nasopharyngeal Carcinoma (NPC), and Oral 
Squamous Cell Carcinoma (OSCC), highlighting the 
complex interactions between miRNAs and their target 
genes in tumor progression. Our findings underscore the 
pivotal role of specific miRNAs, such as miR-21, miR-
196a, miR-7, and miR-675-5p, in regulating key pathways 
involved in cell cycle progression, apoptosis, migration, 
and metastasis. These miRNAs act as key modulators of 
cancer cell proliferation, resistance to chemotherapy, and 
the epithelial-to-mesenchymal transition (EMT), which 
are crucial for tumor aggressiveness and metastasis.

Moreover, the regulation of miRNAs by long non-cod-
ing RNAs like H19 in OSCC presents an additional layer 
of complexity, influencing both the epigenetic landscape 
and functional pathways crucial for cancer progression. 
The integration of miRNA-based therapeutic strategies, 
such as targeting the H19/miR-675-5p axis, holds prom-
ise for improving treatment outcomes and overcoming 
resistance to conventional therapies.

Given the potential of miRNAs as diagnostic biomark-
ers and therapeutic targets, further research is essen-
tial to validate these findings and explore the clinical 

applicability of miRNA-based interventions. Continued 
investigations into the molecular mechanisms underly-
ing miRNA dysregulation in head and neck cancers will 
pave the way for more personalized and effective treat-
ment strategies, ultimately improving patient prognosis 
and survival.

In conclusion, this review highlights the importance of 
miRNAs in the molecular landscape of SLSCC, NPC, and 
OSCC and their potential as valuable tools for enhancing 
early detection, guiding treatment decisions, and devel-
oping targeted therapies in the future.
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