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Abstract: 
The exosomes, in recent years, have emerged as key players in modulating different physiological and pathological processes including tumor progression, neurodegenerative disorders, cardiovascular diseases, osteoarthiritis, angiogenesis, wound healing and immune responses. The exosomes are nanosized extracellular vesicles released by different human cell types   into body fluids and interact with other cells through various pathways. These are vital for   cell- to- cell communication and in maintaining cellular homeostasis via cell proliferation, differentiation and apoptosis. Exosomes are loaded with a cargo of diverse range of bioactive molecules such as signaling proteins, membrane proteins, DNA, RNAs, metabolites and pathological molecules which can be transferred to the recipient or target cells. The functionally active bio-molecular cargos in the exosomes in fact reflect the unique molecular and pathological signatures of their cells of origin. Among the exosomal cargo, the exosomal shuttle RNA (esRNA), which primarily include coding and non-coding RNAs (ncRNAs) such as microRNAs (miRNAs), long non-coding RNAs (lncRNAs), circular RNAs (circRNAs) and small interference RNAs (siRNAs), have gained significant attention for their involvement in disease pathogenesis, diagnosis as well as RNA based precision therapeutics across a spectrum of diseases and is the focus of this review article. 	Comment by Martha BV: osteoarthritis	Comment by Martha BV: circle
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INTRODUCTION
The exosomes are nanosized, 30-150nm, membrane bound vesicles which are formed from the multi-vesicular bodies (MVBs) through the endosomal pathway. These are released into the extracellular body fluids by broad spectrum of cells including immune cells, stem cells and cancerous cells (Doyle & Wang, 2019). On their discovery in early 1980s, exosomes were initially thought to eliminate unwanted cellular waste. However, the subsequent studies on immune regulation and tumor development found that the exosomes play a vital role in intercellular communication, cellular homeostasis and disease progression via transporting  the cargo of nucleic acids, proteins metabolites, lipids etc. from  their cells of origin or donor cells  to the target cells or recipient cells [2](Isola & Chen,2017).(Fig.1)	Comment by Martha BV: The reference must be entered with a number	Comment by Martha BV: The number of figures must be before the point.
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Fig.1. Exosomes as multifunctional cell- to -cell communication system in the human body.( Kalluri & LeBleu, 2020)	Comment by Martha BV: The image is not original, so it is necessary to have the copyright.
Origin of Exosomes
The biogenesis of exosomes is a precisely regulated and multi-steps process.  It starts with the inner budding or invagination of plasma membrane which forms early endosomes, assimilating extracellular molecules and surface proteins. The early endosomes, in turn, mature into late endosomes, also called as multi-vesicular bodies (MVBs). The MVBs are so called because of their characteristic appearance as these contain numerous small vesicles, known as intra-luminal vesicles (ILVs), within a larger vesicular structure [1](Doyle & Wang, 2019). (Fig2)  The formation of intra-luminal vesicles (ILVs) occurs due to    inward budding of the late endosomal limiting membrane.  ILVs are known to carry the selectively loaded cargo of different biomolecules like proteins, lipids, metabolites, amino acids, enzymes, DNA, esRNA which includes both coding and non- coding RNA etc.[3]( Li et al.,2019, [2]Isola & Chen,2017 ).Finally, the MVBs on fusion with the plasma membrane of the donor cells are released into the extracellular environment  as exosomes. The MVBs, instead of forming exosomes, may also undergo lysosomal degradation on fusion with the lysosomes within the cells [4](Abels & Breakefield, 2016). (Fig2)  
The biomolecular cargo in exosomes can  functionally differ from their endocytic origin of cells   due to selective sorting of lipids, proteins and other biomolecules into intraluminal vesicles during exosome biogenesis [5](Lee et al.,2024).  It has also  been observed that  morphologically varied multivesicular bodies (MVBs) within the same cell may  give rise to exosome subpopulations having  distinct molecular  and biophysical characteristics [6](Willms et al., 2016).  Unlike their cells of origin, exosomal membranes are particularly rich in cholesterol, ceramide, phosphoglycerides, and long saturated fatty-acyl chains, which collectively contribute to their structural stability (Skotland et al., 2019). Similarly, the exosomes are enriched with variety of proteins to have an effective intercellular communication, though those proteins may not be abundant in the parent cells. These include proteins associated with transport and membrane fusion such as annexins and flotillin, cell targeting proteins like    tetraspanins, key components of  multi vesicular body (MVB) formation  like Alix and TSG101 etc. They also  carry proteins involved in lipid metabolism, components of extracellular matrix, cell surface receptors and signaling molecules, as well as cell surface proteins such as galectins, collagens, and integrins. In addition, intracellular cytoskeletal components, metabolic enzymes, and G- proteins are also commonly found  in  the exosomes ( Liu et al., 2021, Han et al., 2023 ).( Fig2) 	Comment by Martha BV: Here, there is a space.	Comment by Martha BV: Also, there is a space.
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Fig.2. The exosomes biogenesis, cargo and uptake mechanisms.( Zhang et al., 2022).	Comment by Martha BV: Do you have the copyright?
Moreover, exosomes composition is highly dynamic as localized physical and chemical factors that can alter the exosomal composition both in vitro and in vivo studies. Heat-shocked cells,e.g., leukemic and epithelial, release exosomes loaded  with heat-shock proteins  such as HSP27, HSP70, HSP90  that can induce DNA damage or apoptosis in neighboring cells (Cordonnier et al., 2017). Similarly, the exosomes from cells under hypoxia contain higher levels of angiogenic miRNAs e.g. miR‑126, miR‑130a, miR‑210, tetraspanins like CD63, CD81, and specific pro-angiogenic proteins  which promote angiogenesis, metastasis, chemo-resistance and immune modulation in recipient cells (Wandrey et al., 2023, Emanueli et al., 2015, Namazi et al., 2018). 
Sorting of Proteins and Lipids into Exosomes
Various studies highlight the functional and targeted mechanism-based accumulation of specific cellular constituents in exosomes, supporting their role as active regulators of intercellular communication between cells either in the microenvironment or over a distance. The cargo loading into the ILVs are either guided by the endosomal sorting complexes required for transport (ESCRT 0-III) or by ESCRT-independent mechanisms (Wei et al., 2021, Ju et al., 2025, Chen et al., 2021). ESCRT dependent pathway involves sequential action of four protein complexes (ESCRT 0, I, II and III).  Both ESCRT- dependent and independent pathways reflect the diversity and flexibility of the exosomal sorting process. The first is the classical Alix–ESCRT–Lysobisphosphatidic Acid (LBPA) Pathway. In this pathway, the Alix which is a multi-functional protein involved in membrane remodeling and exosome biogenesis works in association with ESCRT complexes and/or  lysobisphosphatidic acid (LBPA), a  lipid found in MVBs. The classical pathway is important in sorting ubiquitinated proteins from the endosomal surface into interior of the endosome (Lee et al., 2024).  There also exists a variant of ESCRT dependent pathway known as ESCRT associated  syndecan-syntenin-ALIX pathway. It requires syntenin, a scaffolding protein and ALIX, a component of ESCRT for linking the syndecan-syntenin complex to the ESCRT and facilitates the internalization of syndecans which are heparan  sulfate  proteoglycans (Baietti et al., 2012) (Fig.3).
[image: C:\Users\DELL Lapi\Desktop\art12.JPG]
Fig.3. Intracellular machinery of exosome biogenesis and secretion: The clathrin dependent and independent endocytosis are shown along with the ESCRT complex- dependent and ESCRT complex- indepent sorting  pathways. ESCRT complex dependent pathway consists of ESCRT complex and the associated Syndecan–Syntenin–ALIX pathway” which recruit ubiquitinated and non ubiquitinated  modified cargoes to the restricted membrane of the MVB thereby providing structural framework and power for membrane invagination. The second pathway involves raft associated lipids and tetrasapnins forming a microdomain  which act as a “pier” for  cargo sorting and trafficking .The formed MVBs can fuse with the  plasma membrane or lysosomes or apoptotic body. A few GTPases such as RAB27a/b, RAB11, RAB7, RAB35 and membrane fusion proteins called SNARES like Vamp7 and YKT6 are involved  in mediating MVB fusion with the plasma membrane, although the exact mechanism still remain incompletely defined.  (ESE; early sorting endosome; LSE: late sorting endosome, MVB: multi-vesicular body; TEM: tetraspanins-enriched microdomain; ESCRT: endosomal sorting complex required for transport; ERC: endocytic recycling compartment; SNARE: soluble N-ethylmaleimide-sensitive factor attachment protein receptor ; Xie & Jiang,2022).	Comment by Martha BV: This paragraph could be included in Sorting of Proteins and Lipids into Exosomes
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The second pathway works independent of ESCRT complex. It is linked to membrane lipid micro domain and is known as ceramide-enriched lipid microdomain pathway. It is driven by the ceramide rich micro-domain in the endosomal membrane and assist the passive inclusions of proteins and lipids into the exosomes ( Horbay et al., 2022). This pathway operates in many cells including epithelial and tumor cells (Horbay et al., 2022, Elsherbini & Bieberich, 2018). Another   ESCRT independent pathway is a glycan dependent mode of cargo sorting which involves glycosylation as a sorting signal for exosome loading. It makes use of aggregating molecules like lectins (e.g. galectins) which bind to glycosylated proteins and facilitate the inclusion of specific protein-lipid complexes into budding vesicles. In the glycan dependent pathway, the glycans in the glycosylated proteins  as well as lectins associates  with tetraspanin-enriched microdomains (TEMs) on the cell membrane, which  serve  as a platform for the exosomal cargo organistaion (Liang et al., 2014) ( Fig.3).	Comment by Martha BV: That is wrong: organization.
The specific proteins especially the members of tetraspanins family such as   CD63, CD9, CD81 and ESCRT associated proteins like TSG101, ALIX etc. are all  known to  play, directly or indirectly, a vital role  in cargo sorting and formation of  exosomes  in ESCRT- independent and ESCRT -dependent transport   respectively.( Villarroya-Beltri et al., 2014) The involvement of proteins like TSG101, ALIX, and tetraspanins ensures regulated and precise selection of the cargo and act as markers for the exosomes. Collectively, these pathways demonstrate that cells may utilize them to regulate exosomal composition depending upon the physiological needs and environmental conditions (Chen et al., 2021, Villarroya-Beltri et al., 2014). Notably, all these pathways are not entirely independent and the different exosome formation pathways may be inter-connected (Fig.3).  The understanding of these sorting pathways is crucial for  development of  exosome based diagnostics and therapeutics (Villarroya-Beltri et al., 2014, Aheget et al., 2021).	Comment by Martha BV: Does the introduction end here?	Comment by Martha BV: How many sections does the manuscript have?


Sorting of esRNA into Exosomes
The EXOmotifs, which are basically short specific sequences within the esRNA, guide the sorting of RNA into the exosome by   forming RNA–RBP (RNA-binding protein) complexes with RBP. The several EXOmotifs have been linked to the selective packaging of esRNA (Li et al., 2019) (Fig.4). For example, short nucleotide EXO motifs like CCCT and CCCG guide the specific virus encoded miRNA into exosomes in the virus infected lymphoma cells.( Hoshina et al., 2016 ) Similarly, different RNA-binding proteins like hnRNPA1, hnRNPA2B1,SYNCRIP,YBX1,XPO5,HSP90AB1,MVP,HNRNPH1, HNRNPM, HNRNPA2B1, FMRP etc. regulate the sorting of mRNA, siRNA and lncRNA  into exosomes by binding to the EXomotifs  present in these RNAs ( Statello et al., 2018, Wang & Zhang, 2024). 	Comment by Martha BV: This reference is mentioned at the beginning.
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Fig.4.Specific RNAs having different EXOmotifs are selectively sorted into multi vesicular bodies (MVBs) through RNA- binding proteins (RBPs) and released via exosomes, where the AGO2-miRNA complex enhances transfer stability. Once delivered, esRNA can reprogram different target cells such as fibroblasts, bone marrow cells, mesenchymal stem cells, immune cells, endothelial cells etc. ( Li et al., 2019).	Comment by Martha BV: Do you have the copyright?
There also exist alternative sorting mechanisms for esRNA into exosomes as studies have shown that substantial  amount  of RNA in the exosomes remain present even after the gene silencing or knockdown of RNA binding protein transcripts is done.  The alternative mechanism is supported by the studies which have demonstrated that the argonaute2 (AGO2) protein component of the RNA induced silencing complex (RISC), rather than the RBPs, primarily stabilizes the miRNA-AGO2 complex in exosomes (Gibbings et al., 2009). The latter is subsequently required to repress translation of the target mRNA in the recipient cells. Further, the endogenous RNAs are also additionally known to influence the sorting of miRNAs into exosomes because inhibiting the expression of certain endogenous miRNAs leads to increased miRNA translocation from the cytoplasm to MVBs ( Squadrito et al., 2014). Collectively, these findings indicate that EXOmotifs, endogenous RNAs, cooperative proteins such as RNA binding proteins and AGO2 have vital roles in the selective loading of specific RNAs into exosomes( Fig.4). As the cargo sorting is a specific process, the expression levels of esRNA, therefore, differ significantly between the donor cells and the exosomes (Li et al., 2019).
Mechanism of Exosomal Uptake and esRNA Transfer
The nanoscale exosomes are potent vehicles for transferring the esRNA between cells. These are internalized either by membrane fusion or endocytosis including receptor mediated uptake, macropinocytosis and phagocytosis  (Abels & Breakefield, 2016, McKelvey et al., 2015).  Membrane fusion though is one of the proposed mechanisms of exosomal uptake, yet it is not very well defined as compared to the endocytic pathway. The endocytic pathway involves the clathrin - mediated endocytosis (CME) which utilizes clathrin coated pits to internalize ( Karmacharya et al., 2023). The clathrin-independent endocytosis (CIE) pathways on the other  hand include different  internalization routes, such as phagocytosis, macropinocytosis and caveolin- dependent endocytosis (CDE) (Fig.3). Caveolin – dependent endocytosis involves  cholesterol enriched flask shaped invaginations of the plasma membrane   known as caveolae which   are stabilized by the protein Caveolin-1( McKelvey et al., 2015, Karmacharya et al., 2023, Lau &  & Yam,2023). The lipid rafts and specific protein complexes are generally internalized through caveolae - mediated endocytosis. (Lajoie & Nabi, 2010).
The different studies have collectively suggested that clathrin -independent endocytosis and macropinocytosis are two significant pathways of exosome uptake (Costa Verdera et al., 2017). Studies using chemical inhibitors have demonstrated that exosomes uptake may require 1) cholesterol and tyrosine kinase activity indicating involvement of clathrin-independent endocytic pathways; as well as 2)  Na⁺/H⁺ exchange and phosphoinositide 3-kinase(PI3K) activity, which are  known regulators of macropinocytosis (Costa Verdera et al., 2017). The clathrin independent endocytosis is further supported by the siRNA-mediated knock down studies. The siRNA-mediated knockdown of caveolin-1, flotillin-1, RhoA, Rac1 and PAK1, but not clathrin heavy chain, blocked the internalization of exosomes (Gandek et al., 2023). Caveolin-1 and flotillin-1 are key proteins in clathrin-independent endocytosis whereas RhoA, Rac1, and PAK1 are small GTPases and kinases which are the key regulators of macropinocytosis (Wang et al., 2020). Besides these, the exosome internalization is significantly affected by several other factors such as pH environment, temperature, the type of glycoproteins and other proteins on exosomes, as well as the type of recipient or target cells involved in exosomes uptake (Alharbi et al., 2021). The understanding of the components and mechanisms involved in exosome uptake is vital for development of effective exosomes based therapeutics (Ludwig et al., 2019).
The esRNA is protected from the degradation because of the encapsulated exosomal lipid bilayer membrane. Various studies using qRT-PCR and 3H-uracil base have confirmed the transfer, between different cell types, of exosomal shuttle RNA. The transferred esRNA is functionally active and becomes means of intercellular communication between cells (Chiba et al., 2012, Tian et al., 2014). Their transfer results in   specific biological effects on the recipient cells and  play a  pivotal role in regulating the cellular  physiology and pathology both   in vitro and  in vivo. 
Role of esRNA in Health and Disease:
The biological effects of esRNA in the recipient cells vary widely   from novel protein synthesis through translation, enhanced enzymatic activity, regulation of gene expression including gene silencing, immune modulation including antigen and T cell activation, tissue regeneration,  embryonic development and reproduction, drug resistance to tumor progression etc. (Isola & Chen, 2017, Han et al., 2023).  There also exist many negative cellular effects on exposure to esRNA depending upon the molecular, cellular and micro-environmental profile of their cells of origin. This results in the implication of esRNA  in a variety of pathological conditions and human diseases such as neuro-degeneration, cardiovascular disorders, cancers including chemo or drug resistance, diabetic kidney disease (DKD) and metabolic diseases, autoimmune, inflammatory   and infectious diseases including in vivo bacterial infections etc. ( Aheget et al., 2020, Sohail et al., 2022, de la Torre Gomez et al., 2018). The esRNA due to their role as molecular messengers and regulators, in both physiological and pathological states, are gaining recognition of their potential as diagnostics and therapeutic tools for RNA based precision therapy. 
 esRNA  as biomarker for diagnostics and prognostics
miRNAs 
 The exosomes   presence and stability in almost all  body fluids i.e. blood, urine, semen, saliva, amniotic fluid,  breast milk, cerebrospinal  and ascetic   fluid   coupled with their disease specific esRNA expression profile enable them to be used as a noninvasive valuable tool for disease biomarkers ( de la Torre Gomez et al., 2018). The analysis of esRNA is done using various molecular techniques (q-RT-PCR, RNA-seq, digital drop PCR etc.) of transcriptomics. The esRNA   which is the “fingerprints” or “signatures” of their donor or disease specific cells is analyzed to make out the patient diagnosis, prognosis, treatment effectiveness in various disorders and even identifying  chemo-resistance  in cancers ( Altevogt, 2011, Moni et al., 2025, Gorshkov et al., 2022). 
Studies have shown that exosomal micro-RNA, miR-1246, levels are increased in sera of colorectal cancer (CRC) patients as compared to healthy controls (Liu et al.,2025). Moreover, the elevated levels of miR-1246 correlate well with disease progression, metastasis and poor prognosis. This has raised miR-1246  prospects  as diagnostic and prognostic biomarker for colorectal carcinoma. miR-1246 is even implicated in chemoresistance in CRC( Yang et al., 2023).	Comment by Martha BV: There is a space.
Furthermore, the miR-21 and miR-1246 are differentially more expressed   in CD63 positive  exosomes from 1) breast cancer cell lines mainly the estrogen-receptor-positive (luminal subtype) MCF7 &  triple-negative (basal subtype) MDA-MB-231( Galardi et al., 2025, Hannafon et al., 2016); 2) in circulating  plasma exosomes of  human tumor bearing PDX mice ( patient- derived xenograft mice); and 3) patients with breast cancer ( Hannafon et al., 2016). It was also observed that the combination of plasma exosome miR-1246 and miR-21 is a better indicator of breast cancer than their individual levels (Panoutsopoulou et al., 2018). The  increased serum levels of exosomal miR-373 are also  observed  to be associated with receptor-negative breast tumours making it as a good candidate for  a blood-based biomarker. Since, the treatment regimen varies with each intrinsic subtypes and breast cancer stages, the identification of the corresponding miRNAs/lncRNAs expression profile is therefore, essential (Zhang et al., 2018). Presently, there, in fact, exist differential expression profiles of miRNAs/lncRNAs for each intrinsic subtypes and breast cancer stages (Søkilde et al., 2019). 
The exosomal miR-21 expression levels were remarkably elevated in patients with esophegal squamous cell carcinoma (ESCC). This increased exosomal  miR-21 expression was observed in ESCC, irrespective of systemic inflammation, as determined by the levels of C-reactive protein.  Importantly, the miR-21 was not detected in serum that remained after exosome extraction and  the serum exosomes from patients with ESCC  simultaneously caused proliferation of ESCC cells  in vitro.  Further, the exosomal miR-21 expression correlated strongly with clinico-pathological findings such as advanced tumor classification, positive lymph node status, and the presence of metastasis etc. It indicates that an analysis of the regulation of exosomal miR-21 can be a relevant component for the treatment of ESCC (Tanaka et al., 2012). 
The  study on high content miRNAs array in neurally derived blood extracellular vesicles from early stage dementia patients with CSF Aβ42+ tau profile, consistent with Alzheimer’s  disease(AD); mild cognitive impairment (AD-MCI); and cognitive intact controls,  demonstrated  the significantly decreased levels of miR-212 and miR-132-3p in AD patients compared to the controls.  It did not effectively differentiate individuals with AD-MCI from controls. It  indicates that  the levels of miR-212 and miR-132-3p in neural  exosomes can be used as  a diagnostic and theranostic markers for AD ( Cha et al., 2019).
The  genome-wide profiling study  of exosomal miRNAs in plasma of healthy, coronary artery disease (CAD), and acute myocardial infarction (AMI) groups identified eighteen functional   miRNAs in AMI patients which  significantly differed  from the healthy controls, while the CAD samples were difficult to distinguish. It indicated that these miRNAs could be used as sensitive and noninvasive biomarkers for early diagnosis of AMI. The CAD group was identified as a transition state between the healthy group and the AMI group as CAD on exacerbation can eventually progress to AMI ( Guo et al., 2021). The same study  further using machine learning based random forest (RF) method predicted   a total of seven miRNAs , hsa-miR-1180-3p, hsa-miR-3615, hsa-let- 7i-5p, hsa-miR-106b-5p, hsa-miR-143-3p, hsa-miR-17-5p, and hsa-miR-1273h-3p, from a group of  eighteen miRNAs which demonstrated a linear correlation with disease progression i.e. from healthy to CAD to AMI group.  This suggested that these seven miRNAs which showed good specificity and sensitivity could be used as biomarkers for CAD with the potential to progress to AMI (Guo et al., 2021).

The urine derived exosomes (UEs) have a specific miRNA profile in bladder cancer (BC) patients which can be used as a promising non-invasive tool to detect bladder cancer. miRNAs ,miR-93-5p and miR-516a-5p, were found to be increased simultaneously  both in UEs from bladder cancer compared with healthy control and bladder cancer tissue compared with normal tissue. In vitro studies demonstrated that miR-93-5p is known to suppress the expression of tumor suppressor B- cell translocation gene 2 (BTG2), suggesting its potential role in progression of   bladder cancer (BC) via BC cells proliferation, invasion and migration. Urinary exosomes miR-516a-5p has been observed as a better diagnostic marker for muscle invasive BC, due to its increased expression, compared with non –invasive BC (Lin et al., 2021).
The CLIA (Clinical Laboratory Improvement Amendments, (CLIA, US) certified but not FDA(?) approved, simple and non- invasive ExoDx prostate test in US   makes use of urinary exosomes which are rich in PCA3, SPDEF and ERG mRNAs as diagnostic and prognostic biomarkers for prostate cancer, the second most common cancer in men (Exosome Diagnostics).The prostate cancer gene3(PCA3), SAM pointed domain containing ETS transcription factor (SPDEF), and v-ets erythroblastosis virus E26 oncogene homolog (ERG)  in fusion with the TMPRSS2 (transmembrane serine protease2) are over expressed in prostate carcinoma. The ExoDx Prostate Test (EPI) eliminates the need for a digital rectal exam (DRE) and delivers a personalized risk score to guide whether to proceed with or postpone a prostate biopsy (Exosome Diagnostics). However, recent studies by Chang et al. emphasized that these biomarkers should not be used in a binary manner, but rather evaluated in the context of pre-existing risk factors, patient ethnicity, test cost, life expectancy, and individual patient goals (Chang et al., 2021).
The study on the expression levels of exosomal miRNAs in the serum/plasma of patients suffering from Orthohanta viruses - linked  hemorrhagic fever with renal syndrome (HFRS)  elucidated  that miRNA-146a and miRNA-155 could be used as potential prognostic marker  in HFRS patients at different stages (fever stage, polyuric stage and convalescence stage) of the disease ( Gilyazova et al., 2023). The involvement of these microRNAs in the pathogenesis of HFRS is confirmed by their ability to act on various immune cells, rendering the recipient  cells more susceptible to viral infection( Gilyazova et al., 2023).
Exosomal miRNAs  as biomarkers for various liver diseases have also been actively investigated. The different studies indicated that miR-122 and miR-208 can be used as potential biomarkers for acute liver injury due to drugs (acetaminophen, anthracyclins), alcohol and inflammatory diseases ( Motawi et al., 2018, Zhang et al., 2020 ). The levels of the miRNA -192 and miRNA-122   were seen to be increased in extra vesicles and decreased in livers  of patients  of non-alcoholic fatty liver disease (NAFLD) as well as early stage hepato-carcinogenesis from nonalcoholic steatohepatitis (NASH) both in animal and human studies.  It indicates that the exosomal miRNAs can be promising, novel and non invasive diagnostic targets for NAFLD ( Povero et al., 2014).
The studies on  the   gliomas  have shown that  exosomal   miR-21 and the miR-221/222 cluster are prominent prognostic biomarkers in glioma. The increased  expression of miR-21 in high-grade tumors is associated with poor survival, higher tumor aggressiveness, increased invasiveness( intracranial & spinal), and apoptosis resistance. Similarly, up-regulation of miR-221/222 in glioblastomas promotes cell  proliferation and inhibits apoptosis via suppression of  cell cycle arrest kinases p27and  p57, which causes  adverse clinical outcomes and reduced patient survival (Beevi et al., 2024).
It has been observed that miR-208a expression significantly increases  in the  exosomes from peripheral blood of acute coronary syndrome(ACS)  patients compared with healthy controls  and is co-related to the clinical characteristics and survival of ACS patients, making it useful   for the early diagnosis and prognosis of ACS ( Bi et al., 2015). The studies  on cervical cancers have shown distinct differences  in exosomal  miRNA expression profiles. The higher levels of  let-7d-3p and miR-30d-5p were detected in their plasma samples whereas increased expression of miR-21 and miR-146a was observed in cervicovaginal lavage  derived extracellular vesicles.  However, cervical cancer cell lines showed reduced levels of miR-125a-5p and higher levels of miR-221 and miR-222 ( Kaczmarek et al., 2022).
Are there lncRNAs as possible biomarkers?)
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esRNA  as therapeutics
The ability of esRNA to modulate physiology and  pathology in the target cells enables  it to be used as  biomolecule for therapeutic applications  whereas the  inherent potential  of the exosomes to transfer esRNA between different cells, positions  them  as promising vehicles for gene therapy ( Liu et al., 2021, Wandrey et al., 2023, Li et al., 2019). The exosomes to deliver therapeutic esRNA are under investigation for diverse pathological disorders & diseases by carrying tumor suppressive miRNA, siRNA to target oncogenes, mRNA vaccines, miRNA mimics and inhibitors to restore or  block regulatory functions etc. The exosomes loaded with the therapeutic esRNA are better than the other delivery systems like liposomes, lipid nano particles (LNPs), virus vectors etc. because of their  bio- compatibility & low immunogenicity, ability to cross blood brain barrier, stability & specificity due to natural targeting and their inability to integrate in the genome of the recipient cells ( Han et al., 2023, Cordonnie et al., 2017, Karmacharya et al., 2023). It is believed that multiple esRNA therapeutics will soon  enter late stage trials due to various  ongoing investigational  research, both   in vitro   and in vivo, on the use of esRNA as therapeutics in  human and animal models (Wandrey et al., 2023, Aheget et al., 2020). 	Comment by Martha BV: There are several instances of the preposition “to” in the same paragraph.	Comment by Martha BV: It is the same.
siRNA
BACE1 is a therapeutic target of Alzhemier’s disease  and  is a protease responsible for N-terminal cleavage of the amyloid precursor protein (APP) responsible for  producing  the aggregate-forming β-amyloid peptide. The dendritic cells derived exosomes genetically engineered to express  exosomal protein, lysosome-associated membrane glycoprotein 2b (Lamp2b), fused to  neuron specific rabies virus glycoprotein (RVG) peptide were loaded with exogenous  BACE1 siRNA via electroporation.  These exosomes resulted in the neuronal knockdown of BACE1 after systemic dosing in C57BL/6 mice ( Alvarez-Erviti et al., 2011). This was, in fact, the first in vivo non-viral and exosomal RNA therapy to the brain. Similarly, the systemic administration of the modified RVG- exosomes  fused with Lamp2b and  loaded  with miR-124 promoted cortical  neurogenesis and reduced neuro-inflammation after ischemic injury ( Yang et al., 2017). miR-124 is the most abundantly expressed miRNA in the CNS and its attenuation in progenitor cells in sub ventricular zone (SVZ) abolish neuronal differentiation whereas its over expression help in  obtaining  neuronal identity ( Åkerblom et al., 2012).	Comment by Martha BV: Do not explain the participation of siRNA to be used as therapy.	Comment by Martha BV: This paragraph may be in miRNAs section.
Exosomes derived from the normal fibroblast-like mesenchymal cells carrying short interfering RNA (siRNA) or short hairpin RNA targeted to oncogenic KrasG12D  were able to suppress cancer as well as increased overall survival rate in multiple mouse models of pancreatic cancer (Kamerkar et al., 2017). KrasG12D is a common mutation in pancreatic ductal adenocarcinoma that derive initiation, progression and metastasis via downstream effectors such as mitogen activated protein kinase kinase (MEK),  protein kinase B (AKT) and  extracellular signal regulated kinase (ERK). These kinases are known to play  critical roles in cellular differentiation, growth  and survival.
miRNAs 
The  exosomes from  adipose tissue derived  mesenchymal  stem cells (AMSCs) genetically modified to express miR-122 were shown to  enhance the chemo sensitivity of hepatocellular carcinoma (HCC)  HepG2 cells to Sorafenib , a multi-kinase inhibitor. Sorafenib remains the standard of care for unresectable or advanced-stage HCC. In this study, exosomes were directly delivered into the subcutaneous HepG2 xenograft mice models via intra-tumor injection to effectively transfer miR-122 to HCC cells.( Lou et al., 2015). The main targets of miR-122 are ADAM10, a  metalloproteinase; IGF1R, a tumor promoting growth factor receptor; and cyclin G1. These targets are involved in promoting tumorigenesis and modulating drug sensitivity across different cancers.  Consistently, the 122-Exo treatment caused reduced expression of these genes in HCC cells  in vitro ( Lou et al., 2015).
The multipotent mesenchymal stromal cells (MSCs) exosomes enriched with miR-133b  promoted axonal plasticity, neurite modeling and functional  recovery from  ischemic stroke in rats subjected to middle cerebral artery occlusion (MCAO), thereby demonstrating  the regenerative capacity of miRNA loaded vesicles ( Xin et al., 2013). The study  involved knockin and knockdown technologies to up regulate or down regulate the  level of miR-133b in MSCs (miR-133b(+) or miR-133b(-) MSCs) and their corresponding exosomes, which were    subsequently administered by tail vein of adult male Wistar rats ( Xin et al., 2013).
The  exosomal  miRNAs, miR-145 and miR-885 both known  regulators   of thrombosis, were found to be  reduced in COVID -19 patients compared to healthy controls whereas miR-148a and miR-590 were significantly elevated in the exosomes of COVID- 19 patients with neurological symptoms ( Gambardella et al.,2023 ). The dysregulation of   these miRNAs suggests  important  role in  thrombotic complications  and neurological manifestations in COVID-19 patients. In another study, low levels of four miRNAs (miR-7-5p, miR-24-3p, miR-145-5p, and miR-223-3p) in serum exosomes were linked to higher mortality rates among elderly and co-morbid COVID-19 patients ( Wang et al., 2021).  Further, the serum  exosomes  containing these four  miRNAs  from  young people on eight week integerative exercise training programme  could directly inhibit S protein (Spike glycoprotein) expression and SARS-CoV-2 replication leading to the  reduced  viral load by fifty percent  in vitro studies using HEK293T cells (Mishra & Banerjea, 2021). The finding supports the rationale for utilizing serum/plasma or exosome isolates derived from young individuals to treat patients with COVID-19 (Wang et al., 2021, Mishra & Banerjea, 2021). Collectively, these studies suggest that exosomal miRNAs may act as  potential   therapeutic  targets in COVID-19 treatment 
The Codiak Biosciences  supported first of its kind, human phase1 (NCT05375604) open label, multicentre, dose escalation, safety, pharmacodynamic, and pharmacokinetic trial  of exoASO-STAT6 (CDK-004), in patients with advanced hepatocellular carcinoma (HCC) and patients with liver metastases from either primary gastric cancer or colorectal cancer (CRC),  is currently in progress at three locations in United States (ClinicalTrials.gov., 2022).  The study involves intravenous use of hepatotropic  exosomes (CDK-004) loaded with a synthetic lipid-tagged anti-sense (STAT6) oligonucleotide   to  alter STAT 6 signaling in tumor associated macrophages to  initiate an antitumor response. The exoASO-STAT6 is a single agent based modified exosome and a precision medicine candidate with a potential for meaningful antitumor activity which has so far not been observed with other pathway inhibitor (Kamerkar et al., 2022 ClinicalTrials.gov., 2022).
The expression of oncogenes, miR-125a and miR-125b, decreased by 90–98% after two days of treatment of leukemia cells with exosomes from human red blood cells (RBCs) loaded with Cas9 mRNA and gRNA targeting the human miR-125b-2 locus (Usman et al., 2018).  In another study, the exosomes to deliver HChrR6-encoding mRNA,  produced by transfection of cells with the XPort/HChrR6 encoding plasmid, to the HER2+ve human breast cancer cells led to almost complete growth arrest of the breast cancer cells. This study demonstrated for the first time that exosome-mediated exogenous mRNA delivery can confer therapeutic efficacy ( Wang,  et al., 2018 ). HChrR6-encoding mRNA codes for the modified bacterial enzyme HChrR6, which  acts as a catalyst to convert a pro drug into its active cytotoxic form causing destruction of cancer cells ( Forterre et al., 2020). Similarly, the exosomes from   human embryonic kidney (HEK) 293 cells delivered functional HChrR6 mRNA, when administered systemically along with prodrug CB1954 (tretazicar), arrested the growth of HER2+human breast cancer xenografts in athymic mice through prodrug activation  (Forterre et al., 2020). 
miR-375 is a tumor suppressor and  negative regulator of epithelial-mesenchymal transition (EMT). The tumor-derived exosomes to deliver miR-375 mimic, inhibited the migration and invasion ability of colon cancer cells (Rezaei et al., 2021 ).  Similarly, miR-155 over expression in oral squamous cell carcinoma (OSCC) cells increases their invasive and chemoresistance characteristics. Exosomes loaded with miR-155 inhibitor decreased the chemoresistance  in cisplatin –resistant oral squamous cell carcinoma (OSCC) cells ( Kirave et al., 2020).  BCL-2 siRNA loaded  into exosomes derived from  natural killer (NK) cells, to treat ER+ breast cancer,  led to enhanced apoptosis in breast cancer cells ( Kaban et al., 2021). Identically, the exosomes mediated PLK-1 siRNA delivery to bladder cancer cells promoted  cancer cells apoptosis via silencing of PLK-1 expression (Greco et al., 2016). Both BCL-2 and PLK-1 are anti-apoptotic  proteins known to initiate cell mitosis.  
circRNAs
Circular RNAs (circRNAs), a class of non-coding RNAs generated from pre-mRNAs, are well known regulators of genes and are in the development process as therapeutics to treat cancer. The exosomal circRNA-100284 by acting as a sponge for miR-217 inhibited cell proliferation  via  initiation of  cell cycle G2/M phase arrest as well as  by targeting the enhancer of zeste homolog (EZH) in different  cancers( Xue et al., 2017). miR-217 is an oncomiR and EZH is over expressed in many malignancies and plays a critical role in cancer progression. In another study, the exosomal circ-0051443 suppressed the  progression of hepatocellular carcinoma through competitive binding to miR-331-3p ( Chen et al., 2020). miR-331-3p is one of the most common up-regulated miRNAs involved in tumor proliferation, migration and invasion of tumor formation ( Sun et al., 2020).	Comment by Martha BV: Circle
Conclusion
Exosomes are nanosized extracellular vesicles that originate via endosomal pathway and are  released by most of the cells through exocytosis. These are means of intercellular communication and   are considered to be the “mirror image” of the cells of their origin as exosomes  reflect the physiological and pathological state of the parent cells.  The diverse biomolecular cargo, in exosomes, such as  proteins, lipids, DNAs, esRNA, emzymes, amino acids etc.   are protected from degradation  due their  encapsulation by the lipid bilayer of  exosomes. The delivery of  exosomal shuttle RNA (esRNA), a mixture of coding and non coding  RNA molecules encapsulated within  exosomes, results not only in exchange of genetic material between different cells but also  leads to plethora of physiological and pathological effects at molecular level in the recipient cells. The  growing understanding about the ability of esRNA to regulate different genes expressions either by up-regulation/down regulation or  gene silencing, immune modulation, tumor progression, tissue regeneration, drug resistance  along with their   biological relevance, disease specificity and stability in circulation etc. have made them potential candidates to be used as therapeutics, diagnostic and prognostic  markers, which has been  discussed in the  main text.	Comment by Martha BV: This is conclusion or introduction?
The targeted delivery of  both cells derived or engineered exosomes loaded with  modified genetic material to specific organs and cells can alter the cellular  processes underlying physiological abnormalities responsible for   various disorders of central nervous system, metabolism,  immune system, cardiovascular system, cancers and many other conditions. The field of  exosome shuttle RNA seems to have a credible platform for RNA based  precision medicine due to its existing mechanistic proofs such as RVG guided brain delivery & KRASG12D  targeting; disease  specific efficacy e.g. stroke & cancer; and early clinical testing  like exoASO –STAT etc.  Studies on the use of exosomes as diagnostics and therapeutics candidates are still in infancy and there is so far  no FDA approved  exosomal based RNA diagnostic , prognostic and therapeutic products available  for clinical use. However, FDA authorized  exosomes  based  clinical trials and phase1 investigational therapies  are  indeed exploring their potential. The success lies on  refining  consistent on target pharmacology, bioengineered exosomes with customized surface molecules and bio molecular cargo, standardization & validation, efficacy & safety  in humans, RNA analytics and clinical scale  manufacturing etc. which together pose  big challenges to exosomal based RNA diagnostics and  precision   therapeutics   to be used  in clinics.  Nevertheless, with growing scientific and clinical studies, esRNA is poised to emerge as a powerful tool for next generation diagnostics, prognostics and therapeutics in the field of precision medicine.
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