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Abstract
Exosomes play an important role in rejection after organ transplantation. Different cells secrete exosomes to activate different cellular-
molecular signaling which ultimately leads to kidney rejection or transplantation. To shed some lights on this issue, this paper aimed at 
reviewing the related articles published between the years of 2005 and 2020, and retrieved from Pubmed database and Google scholar 
search engine using the keywords “exosome”, “kidney transplantation”, “diagnosis”, and “rejection”. The findings show that exosomes 
secreted by immune cells express the surface markers of the origin cell and exert their influence on the target cells according to the 
function of the stem cell. Generally, almost all cells involved in immune responses secrete their own exosomes, which transmit their 
contents to cause genetic and phenotypic changes in receptor cells. Since the secretion of exosomes from immune cells increases after 
kidney transplant rejection and the markers on the surface of the enlarged exosomes indicate the presence of the secreted cell, it is possible 
to inhibit the signaling pathways caused by the exosomes through monitoring the patient’s clinical process after transplantation.
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Introduction
Nowadays, transplantation of different organs is 
considered as an important and effective treatment which 
has attracted particular attention in the process of the 
patient’s survival; however, it has a series of complications 
that can be life threatening for the patients (1). Kidney is 
one of the organs that is transplanted every year for many 
patients in the world. Although kidney transplantation 
has improved the clinical condition of patients, rejection 
and infection due to the use of immunosuppressive drugs 
may reduce patients’ survival (2). Although the main 
diagnostic markers for diagnosing and preventing the 
acute and chronic rejection of kidney transplantation 
have not been identified, some factors seem to play 
important roles in rejecting kidney transplantation such 
as exosomes. Exosomes which are a series of extracellular 
vesicles secreted by many cells into urine, blood, and 
interstitial fluid, have been reported to increase in patients 
after kidney transplant rejection (3,4). Studies have shown 
that the presence of RNAs and proteins within exosomes 
is highly specific and can be used as a diagnostic marker to 
detect kidney transplant rejection. In addition, it has been 
reported that exosomes play an important role in rejecting 
kidney transplantation due to disruption of signaling 
pathways (5). Therefore, the aim of the present study is 

to evaluate the role of exosomes in the pathogenesis of 
kidney transplant rejection.

Structure and Function of Exosome
Exosomes are small membrane vesicles with an average 
size of 30 to 100 nm that are secreted by most cell types 
such as B/T lymphocytes, macrophages, dendritic cells 
(DCs), endothelial / epithelial cells, human embryonic 
kidney cells and body fluids (6). Like other vesicles, 
exosomes have two compartments, an aqueous core and 
a bilayer lipid membrane. The exosome is a regulated 
macromolecular machine that plays an important role 
in intercellular communication without direct cell-to-
cell contact by transferring its contents, such as proteins, 
lipids, and RNAs, between cells (7). These membrane 
vesicles are released into the extracellular environment 
by the plasma membrane fusion of multivesicular bodies 
and cause genetic and phenotypic changes in the recipient 
cells by transferring their contents from the donor cells 
to the recipient cells. For example, RNA in exosomes 
derived from mouse mast cells can be transferred to 
human mast cells and transcribed into mouse proteins 
(8,9). Three possible mechanisms for the function of 
exosomes have been reported: 1) Exosomes fuse with the 
plasma membrane of the receptor cell and subsequently 
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 Implication for health policy/practice/research/
medical education
The identification of cellular and molecular mediators involved in the 

pathogenesis of renal transplant rejection could be a new therapeutic 

strategy for the treatment of patients with chronic kidney disease. 

Exosomes, as one of the main factors involved in intercellular signaling, 

play an important role in post-transplant rejection.

release their contents into the cytoplasm of the receptor 
cell, 2) Exosomes communicate with target cells through 
receptor-ligand interactions or binding to cell surface 
lipids such as phosphatidylserine (PS), and 3) Exosomes 
enter receptor cells through endocytosis (10). Immune 
cells secrete proteins and substances that bind to the 
receptors of surrounding cells in a variety of ways such 
as, releasing exosomes into their environment and altering 
their function. Furthermore, the small size of the exosomes 
allows them to travel through the endothelium and 
penetrate the underlying tissue (9). Depending on their 
origin and composition, exosomes can have immune-
stimulating or immunosuppressive properties. Exosome 
secretion by antigen presenting cells (APCs) seems to 
have a potential role in initiating immune responses. 
Exosomes secreted by different types of immune cells 
show molecules on their surface that are specific to the 
types of cells secreting them (11).

Communication between exosomes and immune cells
a. Macrophages 
The onset of macrophage-mediated inflammation 
signaling is a consistent finding in the exacerbation of acute 
renal injury (12). In damaged kidney tissue, the increase 
of proinflammatory macrophages leads to tissue damage, 
inflammation, and fibrosis of the kidney. Signaling by 
binding of C-C motif chemokine receptor 2 (CCR2) to 
its ligand, monocyte chemoattractant protein (MCP-1) 
causes monocytes to accumulate in damaged tissues and 
differentiate them into macrophages (13). MCP-1 and 
CCR2 are involved in a variety of kidney diseases as well 
as progressive kidney damages including, chronic kidney 
transplant rejection by activating nuclear factor kappa 
B (NF-kB) pathway and activator protein 1 (AP-1) (14). 
Therefore, inhibition of MCP-1/CCR2 interaction may 
be effective in preventing macrophage-induced tissue 
damage. Inhibition of CCR2 by propagermanium reduces 
macrophage infiltration and expression of TGF-β and 
consequently prevents inflammatory responses (15). 

The findings show that mesenchymal stem cell-derived 
exosomes (MSCs) contain CCR2 which can play a 
protective role in kidney damage, because increasing the 
expression of CCR2 in exosomes derived from MSCs by 
binding to MCP-1 reduces its concentration (16). So, it can 
be said that exosomes secreted by resident macrophages in 
the kidney can also have CCR2, which binds to MCP-1 to 
increase inflammatory factors in the kidney. As a result, 

macrophage activity in the kidney can be suppressed by 
creating conditions that make MCP-1 unavailable, which 
benefits kidney function and reduces tissue damage 
(17,18). From a different perspective, studies in mice show 
that the uptake of circulating monocytes into the kidney 
is significantly reduced after the CCR2 knockout, which 
is also beneficial for kidney function and prevents further 
damage because inhibiting the transfer of monocytes 
reduces their differentiation into macrophages (19). 
As the findings show, the effect of CCR2 reduction or 
elimination on kidney is a controversial issue. We theorize 
that preventing the transfer of macrophages to the 
kidney by blocking signaling or removing CCR2 before 
transplantation begins conversely after transplantation, 
that is, increased CCR2 expression can prevent the 
release of MCP-1 in the recipient and prevent the onset of 
inflammatory responses.

Biglycan and hyaluronan are secreted by kidney cells 
during ischemia reperfusion injury which is an inevitable 
event associated with kidney transplantation, and by 
binding to toll-like receptor 4,2 (TLR4, 2), expressed 
on the surface of renal tubular epithelial cells and 
glomerular endothelial cells (20). They activate NF-κB 
and increase the production of inflammatory cytokines 
and MCP-1. All TLRs except TLR3 can activate NF-κB 
and promote inflammation through MyD88 which is one 
of the main reasons for transplant rejection (21). During 
kidney infection, TLRs activate renal macrophages by 
innate pattern-recognition receptors through detecting 
pathogen-associated molecular patterns (PAMPs), leading 
to the secretion of exosomes containing proinflammatory 
molecules from macrophages (22). Mice deficient in 
TLR adapter protein MyD88 show greater resistance to 
allograft rejection in donor kidney transplantation (21). 
Hypo function of TLR4 has a protective effect against 
kidney allograft transplantation and reduces transplant 
rejection, so using its inhibitor (TAK-242) can prevent the 
activation of MyD88 signaling and inflammatory activity 
during and after controlled transplantation (23). In 
addition, depletion of renal macrophages with clodronate 
and inhibition of pathway JNK improve kidney function 
and reduce the production of inflammatory factors (24). 
In contrast, cisplatin-treated macrophages (a major 
antineoplastic drug in damaged kidney tissue) are more 
sensitive to PAMPs and damage-associated molecular 
patterns (DAMPs), known ligands of TLRs, and cause high 
NF-κB activity, mitogen-activated protein kinase (MAPK) 
and increased secretion of inflammatory cytokines (25). 

Preventing the onset of inflammatory signaling of 
macrophages such as NF-κB by various mediators can 
prevent the risk of graft rejection and reduce the use of 
immunosuppressive drugs (Table 1). B-arrestins are 
cytosolic adapter proteins known as G protein-coupled 
receptor negative adapters involved in the pathogenesis of 
various tissue disorders (26). β-arrestin-1 and β-arrestin-2 
are expressed in many tissues of the body like kidneys, 
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and their mode of action in signaling pathways is unclear 
and controversial (27). These proteins attenuate NF-κB 
activity by binding to IκBα, an inhibitor of NF-κB (28). As 
a result, its increase can prevent inflammatory responses 
induced by NF-κB after transplantation. However, one 
study found that β-arrestins trigger them by interfering 
with various signaling pathways such as, JNK, MAPK, and 
NF-κB. β-arrestin-1 exacerbates renal fibrosis through 
Wnt1/β-catenin signaling and is associated with fibroblast 
activation (29). Silencing the β-arrestin-1 gene also 
reduces TGF-β secretion from macrophages, infiltration 
of macrophages, and secretion of inflammatory cytokines 
from macrophages. To bridge the gap, further studies on 
kidney transplant patients are recommended to reach a 
clear conclusion about the association between β-arrestins 
and signals involved in renal impairment.

b. Dendritic cells
Active DCs are the most effective APCs in humans and are 
present in lymphoid and nonlymphoid tissues, including 
the kidneys. Donor DCs that travel to the recipient’s 
secondary lymphatic tissues after transplantation are a 
major factor in post-transplant immune responses (30). 
DCs surface antigen binds to T cell receptors through 
the TCR/CD3 complex and stimulates T cells to initiate 
“signal 1”. Then, “Signal 2” begins when CD80 and CD86 
interact with CD28 T cells on the surface of DCs. Signal 
1 and Signal 2 activate the three signaling pathways 
calcium-calcineurin pathway, MAPK, and NF-kB. These 
pathways activate transcription factors that secrete many 
inflammatory molecules (31). IL-2 and IL-15 trigger the 
“signal 3” through the pathway (PI3K) phosphoinositide 
3-kinase and molecular-target of rapamycin (mTOR) to 
initiate cell proliferation. Exosomes secreted by antigen-
stimulated DCs secrete efficient and active exosomes 
that can lead to humoral and cellular responses (32). 
Cyclosporine is an immunosuppressive drug that binds 
to cyclophilin and inhibits calcineurin signaling and 
prevents DCs-induced cell proliferation (33) (Table 1). 

Exosomes secreted by normal and immature DCs can 
increase the phagocytosis of apoptotic cells by milk fat 
globule EGF-8 (MFG-E8) and decrease the secretion of 
inflammatory cytokines (40). MFGE8 or lactadherin is 
one of the major proteins identified in exosomes secreted 
by DC cells that bind to PS in other exosomes and increase 
phagocytosis of apoptotic cells by macrophages (41). The 
presence of MFG-E8 in phagocytic cells by inhibiting the 
NF-κB pathway causes the secretion of anti-inflammatory 
cytokines like IL-10 and tumor growth factor β (TGFβ) 
from these cells and increases the production of regulatory 
T cells. Exosomes produced from DCs treated with TGF-β 
and IL-10 induce immune tolerance in mice undergoing 
skin transplantation (42). In a study, it has been reported 
that MFG-E8 can improve renal function (43). Given this, 
treating kidney transplant patients with MFG-E8 after 
transplantation may increase the retention of the kidney 

in the recipient and reduce the use of immunosuppressive 
drugs.

since exosomes show PS at their surface, they can be 
detected by phagocytes and reduced by endoplasmic 
reticulum uptake by endothelial cells through blocking PS 
by means of annexin V or Diannexin (44). Tim1 and Tim4 
are two PS ligands that are expressed on the surface of 
activated lymphocytes or phagocytes (45). The use of PS 
blockers during or after kidney transplantation may reduce 
the transmission of exosomes secreted by connective tissue 
DCs and increase tissue persistence in the recipient body. 
Based on the importance of DC in kidney transplantation, 
it can be argued that removing this cell from the kidney 
or inactivating it before transplantation can also lead to 
long-term survival of connective tissue in the recipients. 
In general, inhibition of DCs in various ways is beneficial 
to the bonding process.

T-cells
Organ transplantation can activate recipient’s T 
lymphocytes in two ways: 1. through alloantigens that 
are delivered directly by DCs from donor organ donors 
to T cell MHC, 2. Alloantigens that are received and 
processed by DCs receptors and indirectly stimulate the 
T cell (46). It seems that in the second pathway, exosomes 
secreted by DCs may be involved and consequently 
lead to the response of T cells. Since renal transplant 
rejection depends on the activation of the recipient’s 
T lymphocytes, exosomes secreted by activated T-cells 
appear to trigger various cytokines that are important 
mediators in initiating immune responses. For example, 
significant increases in serum levels of Interferon-γ 
(IFN-γ) and interleukin 10 (IL-10) have been reported 
in patients with renal transplant rejection (47). IFN-γ 
production is mainly induced by NK cells and T cells 
under antigenic stimuli. IFN-γ increases PU.1 expression 
and causes myeloid differentiation which is directly 
related to increased rejection of myeloid cells (48). Due 
to the increase in IFN-γ levels in transplant recipients, 
the control of this cytokine prior to transplantation 
by a limiting factor, IFN-regulatory factor-2 (IRF-2), 
seems to prevent transplant rejection (49). By the way, 
the role of IFN-γ in the transplantation process is not 
well understood. Some studies have shown that IFN-γ 
can act as a hematopoietic inhibitor by inhibiting the 
overproduction of immune effector cells such as T cells 
and myeloid cells at the homeostasis level which seems to 
be in favor of preserving the grafted tissue.

Decreased ATP causes cell vulnerability and 
dysfunction of immune system cells. Increasing c-AMP 
increases IFN-γ secretion by acting on the P38/JNK/
ATF-2 signaling pathway (50). IFN-γ stimulation reduces 
ATP in T cells and their apoptosis. When IFN-γ binds 
to its receptor, it activates the Janus kinase (JAK) as an 
ATP-dependent enzyme (STAT) signal transducer and 
activator of transcription through phosphorylation (51). 
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Phosphorylated STAT3 expression has been shown to 
increase in impaired renal epithelial cells, and genetic 
deletion of STAT improves renal fibrosis in rat models 
(52). Thus, increasing c-AMP indirectly activates the JAK/
STAT pathway and can be associated with both increased 
T cell apoptosis and increased production of inflammatory 
factors due to JAK/STAT activation. Conversely, 
other studies have shown that IFN-γ can enhance cell 
proliferation. Studies have shown that a lack of IFN-γ 
signaling causes hematopoietic stem cells to often remain 
in the dormant phase and become less differentiated, a 
feature that can be used for effective transplantation (53).

In vitro tumor cell vesicles induce T cell apoptosis via Fas 
Ligand (FasL) and galectin-9, or increase differentiation 
toward Tregs. They can also reduce NK cell cytotoxicity by 
displaying NKG2D ligands (54). Similarly, exosomes in the 
plasma of pregnant women contain FasL, which inhibits T 
cell activation in vitro and reduces CD3ζ expression as a 
result of T cell response (55). Based on this information, it 
can be said that stimulation of FasL and NKG2D ligands 
in transplant patients suppresses the immune response 
by T cells in transplant patients and reduces the risk of 
transplant rejection. 

Granulocyte colony-stimulating factor (G-CSF) 
is an inflammatory cytokine that induces myeloid 
differentiation via C/EBPβ. In addition to its effect on 
myeloid lineage, G-CSF also has a regulatory effect on T 
cells (56). Studies have shown that G-CSF can suppress 
T cell-induced inflammatory tolerance in a number of 
ways. For example, this cytokine can induce Th1 to Th2 
differentiation, suppress proliferative T cell in response 
to allogeneic antigens, and increase apoptotic signaling in 

these cells (57). The function of G-CSF on T cells suggests 
that the use of this factor to induce tolerance in T cells can 
prevent rapid graft rejection. It can be argued that G-CSF 
injection into the patient before or after transplantation 
can control the immune response induced by T cells 
against the transplanted organ. 

MyD88 is crucial for the activation and proliferation of 
primary T cells and the development of strong immune 
T cell responses. MyD88 deficiency increases Tregs cells 
compared to Th17 and decreases activated CD8 T cells, 
thus, the graft tolerance is increased. A study in mice 
showed that reducing MyD88 signaling led to developed 
donor antigen-specific tolerance (21). 

In general, preventing the proliferation of T cells and 
inhibiting the secretion of exosomes from them, which 
promotes immune responses and inflammatory signaling 
in patients undergoing kidney transplantation, has not 
only a protective effect against acute and chronic allograft 
rejection, but also increased survival after transplantation.

B-cells
B cells as immunoregulatory cells are involved in acute 
and chronic graft-versus-host disease through the 
presentation of antigens and the production of various 
antibodies and cytokines. BM cells and cells in peripheral 
blood B can be affected by G-CSF and their function can 
be altered (58). Studies have shown that, in kidney injury, 
the expression of G-CSF in the kidney is increased while 
its exact mechanism on B cells is not known with certainty 
(59). In general, G-CSF can cause downregulated DNA 
replication by up-regulating the proapoptotic genes. In 
addition, it has been shown that injecting G-CSF into 

Table 1. Some signaling inhibitors involved in kidney function and related disorders

Drugs Mechanism Potential action Ref.

Β-arrestin 1 By binding to IκBα, it inhibits NF-κB activity It can control NF-κB-induced inflammatory pathways after 
transplantation (Activation of fibroblasts and exacerbation of renal 
fibrosis)

(29) 

Propagermanium Targets glycosylphosphatidylinositol-anchored 
proteins and indirectly inhibit NF-κB and 
AP-1.

It can prevent an increase in inflammatory factors that increase the risk 
of transplant rejection

(15) 

Pyrrolidine 
dithiocarbamate

Inhibition of NF-κB signaling Reduces kidney damage, tubular necrosis and tubular inflammation due 
to folate or adenine overload in mice

(34,35)

Resatorvid (TAK-242) Prevent TLR-4 signaling with binds directly 
to the amino acid Cys747 in the intracellular 
domain of TLR-4

Indirectly inhibits the activation of NF-κB and MyD88 and prevents the 
secretion of proinflammatory exosomes
(Increased lipopolysaccharide in urine, Reduction of moderate 
pulmonary artery pressure)

(36)

Cyclosporine By binding to cyclophilin, it inhibits 
calcineurin phosphatase and T cell activity

Inhibition of T cell activity can be very effective for the stability of the 
transplanted organ (nephrotoxicity, hypertension and hemolytic-uremic 
syndrome and diabetes mellitus after transplantation)

(33)

Ruxolitinib Inhibiting the JAK1-2-STAT3 and Akt/mTOR 
signaling, Decreased MCP-1 expression in the 
kidney

In general, inhibition of JAK-STAT activity improves impaired renal 
function, Suppressed fibroblast activation and may be potentially used 
to treat kidney diseases.

(37)

Dkk1,2 Bind to LRP5/6 and act as a Wnt signaling 
inhibitor

Reduced TGf-β-induced proteinuria and fibrosis (38)

γ-Secretase inhibitor Inhibition of Notch signaling and TGF-β/
Smad2/3 signaling pathway

Significantly reduces the level of transcripts of fibrosis markers and its 
use can prevent acute kidney damage

(39)
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donors can dramatically increase the apoptosis of BM B 
cells (60). Another finding suggests that G-CSF may be 
able to suppress B lymphopoiesis, but it can also increase 
the number of B cells in the peripheral blood (61). 

G-CSF enhances the expression of the suppressor of 
cytokine signaling (SOCS1), the cell cycle arrest gene, 
in B cells SOCS1 disrupts IL-7 R signaling by negatively 
regulating the JAK-STAT3 signaling pathway, reducing 
the response of B cells to IL-7, and reducing B cell 
proliferation (62). Based on the aforementioned findings, 
it can be concluded that the use of exosomes of cells that 
inject G-CSF, like BM stromal cells, and transferring them 
to transplant patients can increase the apoptosis of B cells 
and prevent the proliferation and initiation of responses.

Follicular helper T cells (Tfh cells), including only Tfh2 
and Tfh17, can cause B cells to proliferate by secreting 
large amounts of IL-21 (63). Tfh cell-derived exosomes 
in antibody-mediated rejection patients dramatically 
increase B cell proliferation and differentiation. Also, 
exosomes secreted by Tfh cells have surface markers 
namely, “CD4 +” and “CXCR5 +”, which are higher 
in antibody-mediated rejection patients than in other 
patients. Unlike G-CSF, which was associated with B cell 
destruction, increased Tfh cell activity is in favor of B 
cell differentiation and proliferation, thereby increasing 
transplant rejection (64). As a result, it seems that using 
T follicular helper (Tfh) cell inhibitors (i.e. anti-CD20 
monoclonal) is fruitful in the process of transplantation 
and further studies on how to control this cell is absolutely 
helpful.

Urinary exosomes
Urine is a diagnostic marker for the detection of 
renal dysfunction due to its close correlation with the 
kidney, and its molecular examination can be helpful in 
diagnosing acute or chronic kidney transplant rejection 
(65). When inflammatory reactions are activated, the 
amount of CD3 positive vesicles released from T cells in 
patients’ urine increases which may be due to the release 
of other inflammatory cytokines including IL-6. For 
example, synaptotagmin-17 (SYT17), which is involved 
in inflammation, is a known protein in the kidney that 
activates IL-6 and NF-κB via STAT-3 (66). Furthermore, 
inflammatory factors such as IL-6, TNF-α and kidney-
releasing growth factors may cause the production of 
SYT17. The results of study indicate that patients who 
express SYT17 also have higher levels of urinary vesicles 
after kidney transplant rejection (67). Thus, SYT17 is 
not only a target but also an up-regulator for IL-6, which 
leads to the excretion of more inflammatory vesicles after 
transplant rejection.

The use of immunosuppressive drugs after organ 
transplantation is associated with very common side 
effects. Cyclosporine and tacrolimus are very effective in 
preventing graft rejection; however, they can increase Na-
K-2Cl cotransporter (NKCC2) and Na-Cl cotransporter 

(NCC) in patients’ urinary vesicles (68). The expression of 
NKCC2 and NCC disrupts sodium-potassium transport 
channels and causes hypertension. On the other hand, 
it has been shown that the secretion of inflammatory 
cytokines like IL-6 can increase NKCC2 function (69). 
As a result, urinalysis of kidney transplant patients can 
be helpful in evaluating the effects of drugs used and 
controlling their clinical condition.

One of the factors observed in the urinary exosomes 
of transplant patients is neutrophil gelatinase-associated 
lipocalin (NGAL), which is produced in the distal 
nephron. This protein can be a sign of allograft damage 
and its increase is one of the biological signs of acute and 
chronic kidney damage (70).

In a nutshell, exosomes reflect the physiological state 
of kidney cells and their examination can reflect the 
condition of the transplanted kidney, that is, when the 
inflammatory response due to rejection of the kidney 
transplant is activated, vesicles containing inflammatory 
mediators is observed in the urine of the sick person.

Effect of exosome on HLA
Presence of human leukocyte antigen (HLA) is one of the 
reasons for transplant immunity rejection. HLA molecules 
are divided into two classes, HLA-I and HLA-II. Exosomes 
secreted by MQs, DCs, and B cells express HLA-II, but 
HLA-I is expressed on many cells in various organs and 
T cell exosomes (71). HLA-I consists of a heavy chain and 
a light chain β2-microglobulin (B2M) that disrupts the 
B2M gene by inactivating HLA-I function and reducing 
TNF-α. According to these results, disruption of the B2M 
gene could lead to a complete loss of HLA-I expression 
on T cells and a significant reduction in immunogenicity 
(72). This can reduce the use of immunosuppressive 
drugs and prevent post-transplant infections. In general, 
disturbances in the expression and structure of HLA 
molecules on exosomes may reduce the risk of transplant 
rejection in renal patients.

Exosomes secreted by DCs contain antigens that can be 
absorbed by the HLA dendritic receptor or delivered to T 
lymphocytes and activate this cell (73). HLA-II expression 
appears to be directly related to inflammation because 
exosomes secreted by intestinal epithelial cells exposed to 
IFN-γ exhibit more MHC II molecules. Exosomes from 
antigen-stimulated adult DCs also increase the rejection of 
male rat skin grafts by female mice and activate CD4 + T cells 
(74). On the other hand, membrane vesicles derived from 
tumor cells have been shown to have suppressive properties 
of the immune system (75). Transplanting these exosomes 
to patients after transplantation increases the likelihood of 
transplant survival and inhibits the activity of inflammatory 
cells and exosome secretion from them. Therefore, it can 
be said that the exosomes secreted from each cell have 
the characteristics and function of the mother cell, and by 
preventing their secretion, the effect of the mother cell on 
other cells or various organs can be prevented.
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Exosome isolation methods
Extracellular vesicles are divided into three groups based 
on biogenesis, size, content, and function including 
‘microvesicles’, ‘exosomes’, and ‘apoptotic bodies’, and 
no specific markers have been identified to distinguish 
between different types of extracellular vesicles (76). 
Because exosomes are found in body fluids such as blood 
and urine, they are ideal for use as carriers of biomarkers, 
allowing you to use a non-invasive “fluid biopsy” method 
for prognosis, diagnosis, and control response of the 
patients to treatment (77). Ultracentrifugation techniques 
such as, density gradient centrifugation, rate-zonal 
centrifugation, and isopycnic centrifugation are methods 
of isolating exosomes that separate exosomes from the 
extracellular matrix based on particle density, size and 
shape (78).

Deferential ultracentrifugation is the first method used 
to separate exosomes and is the gold standard method 
for separating exosomes (79). This method requires a 
large volume of sample, and the exosomes accumulate in 
100 000×g spins and are washed. Exposure for more than 
4 hours has been shown to cause significant mechanical 
damage to exosomes at 100 000×g spins. If used for less 
than 4 hours, it cannot cause complete separation of 
exosomes from other extracellular space components (80). 
Due to the low purity in this method and the need for a 
large volume of sample, it seems that it is not a suitable 
method for extracting exosomes (77).

Other methods for exosome separation include 
ultrafiltration, physical and biochemical properties (i.e. 
microfluidic based isolation techniques), immunoaffinity, 
and exosome precipitation (i.e. using polyethylene glycol 
and lectin) have been developed.

Acoustic nanofilter and ExoSearch chip are two methods 
of microfluidic based isolation techniques. Acoustic 
nanofilter is a special method in the development stage 
that has high speed (less than 30 minutes), high purity, and 
low sample volume (50 µL), ExoSearch chip has the ability 
to separate exosomes from 20  µL plasma in 40 minutes 
(81). The development of microfluidic based isolation 
techniques for the use of exosomes in clinical diagnosis, 
treatment, and prognosis can be helpful because they 
require the least amount of plasma and less time compared 
to other isolation methods. Also, they are affordable and 
require minimal expertise and training (82).

In Immunoaffinity capture-based techniques, using 
specific antibodies against the desired antigen at the 
exosome surface can isolate exosomes from a specific 
source and other extracellular vesicles. The main advantage 
of this technique over other methods is that it allows the 
separation of exosomes from a specific source. It can 
also separate exosomes from other types of extracellular 
vesicles if a specific marker for exosomes is identified. 
The immunoaffinity method leads to less production of 
extracted exosomes than other methods, and antibody 
design in this method is also costly (83,84).

However, due to the complexity of the biological fluids 
from which the exosomes are separated, and the similarity 
of the physiochemical and biochemical properties 
between the exosomes and other vesicles, precise 
separation of exosomes is difficult and usually leads to 
complex mixtures of extracellular vesicles and other 
extracellular components. On the other hand, using these 
methods is costly and time-consuming. Therefore, the use 
of exosomes in the clinical environment and the study 
of their contents are limited due to the lack of standard 
separation methods.

Conclusion
The identification of cellular and molecular mediators 
involved in the pathogenesis of renal transplant rejection 
could be a new therapeutic strategy for the treatment of 
patients with chronic kidney disease. Exosomes, as one of 
the main factors involved in intercellular signaling, play 
an important role in post-transplant rejection. Different 
cells secrete exosomes to activate different cellular-
molecular signaling, which ultimately leads to kidney 
rejection or transplantation. The use of inflammatory 
signaling inhibitors can control both immune rejection 
and the risks associated with the transplantation due to 
the secretion of exosomes from immune cells.

Authors’ contribution 
HN is a single author of this manuscript

Conflicts of interest
The author declares that he has no competing interests. 

Ethical issues
Ethical issues (including plagiarism, data fabrication, double 
publication) have been completely observed by the author.

Funding/Support
None.

References
1.	 Littera R, Piredda G, Argiolas D, Lai S, Congeddu E, Ragatzu 

P, et al. KIR and their HLA Class I ligands: Two more pieces 
towards completing the puzzle of chronic rejection and graft 
loss in kidney transplantation. PLoS One. 2017;12:e0180831. 
doi: 10.1371/journal.pone.0180831. 

2.	 Kosoku A, Uchida J, Nishide S, Kabei K, Shimada H, Iwai T, 
et al. ABO-incompatible kidney transplantation as a renal 
replacement therapy-A single low-volume center experience 
in Japan. PLoS One. 2018;13:e0208638. doi: 10.1371/
journal.pone.0208638. 

3.	 Fleissner F, Goerzig Y, Haverich A, Thum T. Microvesicles as 
novel biomarkers and therapeutic targets in transplantation 
medicine. Am J Transplant. 2012;12:289-97. doi: 
10.1111/j.1600-6143.2011.03790.x. 

4.	 Lo DJ, Kaplan B, Kirk AD. Biomarkers for kidney transplant 
rejection. Nat Rev Nephrol. 2014;10:215-25. doi: 10.1038/
nrneph.2013.281. 

5.	 Vallabhajosyula P, Korutla L, Habertheuer A, Yu M, Rostami 
S, Yuan CX, et al. Tissue-specific exosome biomarkers 
for noninvasively monitoring immunologic rejection of 
transplanted tissue. J Clin Invest. 2017;127:1375-1391. doi: 



                                                        Exosome and kidney transplantation

                                        Journal of Parathyroid Disease, Volume 8, 2020 7

10.1172/JCI87993. 
6.	 Zadeh FJ, Ghasemi Y, Bagheri S, Maleknia M, Davari N, 

Rezaeeyan H. Do exosomes play role in cardiovascular 
disease development in hematological malignancy? Mol Biol 
Rep. 2020;47:5487-5493. doi: 10.1007/s11033-020-05453-z. 

7.	 Chaput N, Théry C. Exosomes: immune properties and 
potential clinical implementations. Semin Immunopathol. 
2011;33:419-40. doi: 10.1007/s00281-010-0233-9. 

8.	 Valadi H, Ekström K, Bossios A, Sjöstrand M, Lee JJ, Lötvall 
JO. Exosome-mediated transfer of mRNAs and microRNAs is a 
novel mechanism of genetic exchange between cells. Nat Cell 
Biol. 2007;9:654-9. doi: 10.1038/ncb1596. 

9.	 Ren J, He W, Zheng L, Duan H. From structures to functions: 
insights into exosomes as promising drug delivery vehicles. 
Biomater Sci. 2016;4:910-21. doi: 10.1039/c5bm00583c. 

10.	 Nanbo A, Kawanishi E, Yoshida R, Yoshiyama H. Exosomes 
derived from Epstein-Barr virus-infected cells are internalized 
via caveola-dependent endocytosis and promote phenotypic 
modulation in target cells. J Virol. 2013;87:10334-47. doi: 
10.1128/JVI.01310-13.

11.	 Raposo G, Nijman HW, Stoorvogel W, Liejendekker R, 
Harding CV, Melief CJ, et al. B lymphocytes secrete antigen-
presenting vesicles. J Exp Med. 1996;183:1161-72. doi: 
10.1084/jem.183.3.1161. 

12.	 Akcay A, Nguyen Q, Edelstein CL. Mediators of inflammation in 
acute kidney injury. Mediators Inflamm. 2009;2009:137072. 
doi: 10.1155/2009/137072. 

13.	 Murray PJ, Wynn TA. Protective and pathogenic functions of 
macrophage subsets. Nat Rev Immunol. 2011 Oct 14;11:723-
37. doi: 10.1038/nri3073. 

14.	 Segerer S, Cui Y, Hudkins KL, Goodpaster T, Eitner F, Mack M, 
et al. Expression of the chemokine monocyte chemoattractant 
protein-1 and its receptor chemokine receptor 2 in 
human crescentic glomerulonephritis. J Am Soc Nephrol. 
2000;11:2231-2242. doi: 10.1681/ASN.V11122231. 

15.	 Kitagawa K, Wada T, Furuichi K, Hashimoto H, Ishiwata Y, 
Asano M, et al. Blockade of CCR2 ameliorates progressive 
fibrosis in kidney. Am J Pathol. 2004;165:237-46. doi: 
10.1016/S0002-9440(10)63292-0. 

16.	 Shen B, Liu J, Zhang F, Wang Y, Qin Y, Zhou Z, et al. 
CCR2 Positive Exosome Released by Mesenchymal Stem 
Cells Suppresses Macrophage Functions and Alleviates 
Ischemia/Reperfusion-Induced Renal Injury. Stem Cells Int. 
2016;2016:1240301. doi: 10.1155/2016/1240301. 

17.	 Furuichi K, Wada T, Iwata Y, Kitagawa K, Kobayashi K, 
Hashimoto H, et al. CCR2 signaling contributes to ischemia-
reperfusion injury in kidney. J Am Soc Nephrol. 2003;14:2503-
15. doi: 10.1097/01.asn.0000089563.63641.a8. 

18.	 Li L, Huang L, Sung SS, Vergis AL, Rosin DL, Rose CE Jr, et al. The 
chemokine receptors CCR2 and CX3CR1 mediate monocyte/
macrophage trafficking in kidney ischemia-reperfusion injury. 
Kidney Int. 2008;74:1526-37. doi: 10.1038/ki.2008.500. 

19.	 Wang X, Li T, Wang W, Yuan W, Liu H, Cheng Y, et al. 
Cytokine-like 1 Chemoattracts Monocytes/Macrophages 
via CCR2. J Immunol. 2016;196:4090-9. doi: 10.4049/
jimmunol.1501908. 

20.	 Wu H, Chen G, Wyburn KR, Yin J, Bertolino P, Eris JM, et al. 
TLR4 activation mediates kidney ischemia/reperfusion injury. J 
Clin Invest. 2007;117:2847-59. doi: 10.1172/JCI31008. 

21.	 Wu H, Noordmans GA, O’Brien MR, Ma J, Zhao CY, Zhang 
GY, et al. Absence of MyD88 signaling induces donor-specific 
kidney allograft tolerance. J Am Soc Nephrol. 2012;23:1701-
16. doi: 10.1681/ASN.2012010052. 

22.	 Bhatnagar S, Schorey JS. Exosomes released from 
infected macrophages contain Mycobacterium avium 
glycopeptidolipids and are proinflammatory. J Biol Chem. 

2007;282:25779-89. doi: 10.1074/jbc.M702277200. 
23.	 Wu H, Ma J, Wang P, Corpuz TM, Panchapakesan U, Wyburn 

KR, et al. HMGB1 contributes to kidney ischemia reperfusion 
injury. J Am Soc Nephrol. 2010;21:1878-90. doi: 10.1681/
ASN.2009101048. 

24.	 Jo SK, Sung SA, Cho WY, Go KJ, Kim HK. Macrophages 
contribute to the initiation of ischaemic acute renal failure in 
rats. Nephrol Dial Transplant. 2006;21:1231-9. doi: 10.1093/
ndt/gfk047. 

25.	 Chauhan P, Sodhi A, Shrivastava A. Cisplatin primes murine 
peritoneal macrophages for enhanced expression of nitric 
oxide, proinflammatory cytokines, TLRs, transcription factors 
and activation of MAP kinases upon co-incubation with L929 
cells. Immunobiology. 2009;214:197-209. doi: 10.1016/j.
imbio.2008.07.012. 

26.	 Zhang J, Ferguson SS, Barak LS, Aber MJ, Giros B, Lefkowitz 
RJ, et al. Molecular mechanisms of G protein-coupled 
receptor signaling: role of G protein-coupled receptor kinases 
and arrestins in receptor desensitization and resensitization. 
Recept Channels. 1997;5:193-9. PMID: 9606723.

27.	 Quack I, Rump LC, Gerke P, Walther I, Vinke T, Vonend 
O, et al. beta-Arrestin2 mediates nephrin endocytosis and 
impairs slit diaphragm integrity. Proc Natl Acad Sci U S A. 
2006;103:14110-5. doi: 10.1073/pnas.0602587103. 

28.	 Imbert V, Rupec RA, Livolsi A, Pahl HL, Traenckner EB, 
Mueller-Dieckmann C, et al. Tyrosine phosphorylation of 
I kappa B-alpha activates NF-kappa B without proteolytic 
degradation of I kappa B-alpha. Cell. 1996;86:787-98. doi: 
10.1016/s0092-8674(00)80153-1. 

29.	 Xu H, Li Q, Liu J, Zhu J, Li L, Wang Z, et al. β-Arrestin-1 
deficiency ameliorates renal interstitial fibrosis by blocking 
Wnt1/β-catenin signaling in mice. J Mol Med (Berl). 
2018;96:97-109. doi: 10.1007/s00109-017-1606-5. 

30.	 André F, Chaput N, Schartz NE, Flament C, Aubert N, Bernard 
J, et al. Exosomes as potent cell-free peptide-based vaccine. 
I. Dendritic cell-derived exosomes transfer functional MHC 
class I/peptide complexes to dendritic cells. J Immunol. 
2004;172:2126-36. doi: 10.4049/jimmunol.172.4.2126. 

31.	 Wang D, Matsumoto R, You Y, Che T, Lin XY, Gaffen SL, et 
al. CD3/CD28 costimulation-induced NF-kappaB activation is 
mediated by recruitment of protein kinase C-theta, Bcl10, and 
IkappaB kinase beta to the immunological synapse through 
CARMA1. Mol Cell Biol. 2004;24:164-71. doi: 10.1128/
MCB.24.1.164-171.2003. 

32.	 Aline F, Bout D, Amigorena S, Roingeard P, Dimier-Poisson 
I. Toxoplasma gondii antigen-pulsed-dendritic cell-derived 
exosomes induce a protective immune response against 
T. gondii infection. Infect Immun. 2004;72:4127-37. doi: 
10.1128/IAI.72.7.4127-4137.2004. 

33.	 Halloran PF. Immunosuppressive drugs for kidney 
transplantation. N Engl J Med. 2004;351:2715-29. doi: 
10.1056/NEJMra033540. 

34.	 Borghi SM, Fattori V, Ruiz-Miyazawa KW, Bertozzi MM, 
Lourenco-Gonzalez Y, Tatakihara RI, et al. Pyrrolidine 
dithiocarbamate inhibits mouse acute kidney injury induced 
by diclofenac by targeting oxidative damage, cytokines and 
NF-κB activity. Life Sci. 2018;208:221-231. doi: 10.1016/j.
lfs.2018.07.038. 

35.	 Chatterjee PK, di Villa Bianca RD, Sivarajah A, McDonald MC, 
Cuzzocrea S, Thiemermann C. Pyrrolidine dithiocarbamate 
reduces renal dysfunction and injury caused by ischemia/
reperfusion of the rat kidney. Eur J Pharmacol. 2003;482:271-
80. doi: 10.1016/j.ejphar.2003.09.071. 

36.	 Najafi S, Ghanavat M, Shahrabi S, Gatavizadeh Z, Saki N. 
The effect of inflammatory factors and their inhibitors on the 
hematopoietic stem cells fate. Cell Biol Int. 2021;45(5):900-



Nasri H

Journal of Parathyroid Disease, Volume 8, 20208

912. doi: 10.1002/cbin.11545. 
37.	 Bai Y, Wang W, Yin P, Gao J, Na L, Sun Y, et al. Ruxolitinib 

Alleviates Renal Interstitial Fibrosis in UUO Mice. Int J Biol 
Sci. 2020;16:194-203. doi: 10.7150/ijbs.39024. 

38.	 Bridgewater D, Di Giovanni V, Cain JE, Cox B, Jakobson M, 
Sainio K, et al. β-catenin causes renal dysplasia via upregulation 
of Tgfβ2 and Dkk1. J Am Soc Nephrol. 2011;22:718-31. doi: 
10.1681/ASN.2010050562. 

39.	 Geling A, Steiner H, Willem M, Bally-Cuif L, Haass C. A 
gamma-secretase inhibitor blocks Notch signaling in vivo and 
causes a severe neurogenic phenotype in zebrafish. EMBO 
Rep. 2002;3:688-94. doi: 10.1093/embo-reports/kvf124. 

40.	 Miksa M, Wu R, Dong W, Das P, Yang D, Wang P. Dendritic 
cell-derived exosomes containing milk fat globule epidermal 
growth factor-factor VIII attenuate proinflammatory responses 
in sepsis. Shock. 2006;25:586-93. doi: 10.1097/01.
shk.0000209533.22941.d0. 

41.	 Miyasaka K, Hanayama R, Tanaka M, Nagata S. Expression 
of milk fat globule epidermal growth factor 8 in immature 
dendritic cells for engulfment of apoptotic cells. Eur J Immunol. 
2004;34:1414-22. doi: 10.1002/eji.200424930. 

42.	 Zhao Y, Wang Q, Zang B. Milk fat globule-epidermal 
growth factor 8 (MFG-E8) attenuates sepsis-induced acute 
kidney injury by inhibiting NF-κB signaling pathway1. Acta 
Cir Bras. 2019;34(2):e201900209. doi: 10.1590/s0102-
8650201900209. 

43.	 Cen C, Aziz M, Yang WL, Zhou M, Nicastro JM, Coppa GF, 
et al. Milk fat globule-epidermal growth factor-factor VIII 
attenuates sepsis-induced acute kidney injury. J Surg Res. 
2017;213:281-289. doi: 10.1016/j.jss.2017.02.024. 

44.	 Al-Nedawi K, Meehan B, Kerbel RS, Allison AC, Rak J. 
Endothelial expression of autocrine VEGF upon the uptake 
of tumor-derived microvesicles containing oncogenic EGFR. 
Proc Natl Acad Sci U S A. 2009;106:3794-9. doi: 10.1073/
pnas.0804543106. 

45.	 Miyanishi M, Tada K, Koike M, Uchiyama Y, Kitamura T, Nagata 
S. Identification of Tim4 as a phosphatidylserine receptor. 
Nature. 2007;450:435-9. doi: 10.1038/nature06307. 

46.	 Champlin R, Ho W, Gajewski J, Feig S, Burnison M, Holley 
G, et al. Selective depletion of CD8+ T lymphocytes for 
prevention of graft-versus-host disease after allogeneic bone 
marrow transplantation. Blood. 1990;76:418-23. 

47.	 D’Elios MM, Josien R, Manghetti M, Amedei A, de Carli M, 
Cuturi MC, et al. Predominant Th1 cell infiltration in acute 
rejection episodes of human kidney grafts. Kidney Int. 
1997;51:1876-84. doi: 10.1038/ki.1997.256. 

48.	 de Bruin AM, Voermans C, Nolte MA. Impact of interferon-γ 
on hematopoiesis. Blood. 2014;124:2479-86. doi: 10.1182/
blood-2014-04-568451. 

49.	 Sato T, Onai N, Yoshihara H, Arai F, Suda T, Ohteki T. Interferon 
regulatory factor-2 protects quiescent hematopoietic stem 
cells from type I interferon-dependent exhaustion. Nat Med. 
2009;15:696-700. doi: 10.1038/nm.1973. 

50.	 Najafi S, Rajaei E, Moallemian R, Nokhostin F. The 
potential similarities of COVID-19 and autoimmune disease 
pathogenesis and therapeutic options: new insights approach. 
Clin Rheumatol. 2020;39:3223-3235. doi: 10.1007/s10067-
020-05376-x. 

51.	 Seif F, Khoshmirsafa M, Aazami H, Mohsenzadegan M, 
Sedighi G, Bahar M. The role of JAK-STAT signaling pathway 
and its regulators in the fate of T helper cells. Cell Commun 
Signal. 2017;15:23. doi: 10.1186/s12964-017-0177-y. 

52.	 Matsui F, Babitz SK, Rhee A, Hile KL, Zhang H, Meldrum KK. 
Mesenchymal stem cells protect against obstruction-induced 
renal fibrosis by decreasing STAT3 activation and STAT3-
dependent MMP-9 production. Am J Physiol Renal Physiol. 

2017 Jan 1;312:F25-F32. doi: 10.1152/ajprenal.00311.2016. 
53.	 Morales-Mantilla DE, King KY. The Role of Interferon-Gamma 

in Hematopoietic Stem Cell Development, Homeostasis, 
and Disease. Curr Stem Cell Rep. 2018;4(3):264-271. doi: 
10.1007/s40778-018-0139-3. 

54.	 Clayton A, Mitchell JP, Court J, Linnane S, Mason MD, Tabi 
Z. Human tumor-derived exosomes down-modulate NKG2D 
expression. J Immunol. 2008;180:7249-58. doi: 10.4049/
jimmunol.180.11.7249. 

55.	 Taylor DD, Akyol S, Gercel-Taylor C. Pregnancy-associated 
exosomes and their modulation of T cell signaling. J Immunol. 
2006;176:1534-42. doi: 10.4049/jimmunol.176.3.1534. 
Retraction in: J Immunol. 2015 Jun 15;194:6190. 

56.	 Panopoulos AD, Watowich SS. Granulocyte colony-stimulating 
factor: molecular mechanisms of action during steady state 
and ‘emergency’ hematopoiesis. Cytokine. 2008;42(3):277-
88. doi: 10.1016/j.cyto.2008.03.002. 

57.	 Yang JZ, Zhang JQ, Sun LX. Mechanisms for T cell 
tolerance induced with granulocyte colony-stimulating 
factor. Mol Immunol. 2016;70:56-62. doi: 10.1016/j.
molimm.2015.12.006. 

58.	 Zhai SZ, Guo HD, Li SQ, Zhao XS, Wang Y, Xu LP, et al. Effects 
of Granulocyte Colony-Stimulating Factor on Proliferation 
and Apoptosis of B Cells in Bone Marrow of Healthy 
Donors. Transplant Proc. 2020;52:345-352. doi: 10.1016/j.
transproceed.2019.11.004. 

59.	 Volkmann J, Schmitz J, Nordlohne J, Dong L, Helmke A, Sen 
P, et al. Kidney injury enhances renal G-CSF expression and 
modulates granulopoiesis and human neutrophil CD177 in 
vivo. Clin Exp Immunol. 2020;199:97-108. doi: 10.1111/
cei.13372. 

60.	 Winkler IG, Bendall LJ, Forristal CE, Helwani F, Nowlan B, 
Barbier V, et al. B-lymphopoiesis is stopped by mobilizing 
doses of G-CSF and is rescued by overexpression of the anti-
apoptotic protein Bcl2. Haematologica. 2013;98:325-33. doi: 
10.3324/haematol.2012.069260. 

61.	 Jun HX, Jun CY, Yu ZX. In vivo induction of T-cell 
hyporesponsiveness and alteration of immunological cells 
of bone marrow grafts using granulocyte colony-stimulating 
factor. Haematologica. 2004;89:1517-24. 

62.	 Zheng S, Hedl M, Abraham C. TAM receptor-dependent 
regulation of SOCS3 and MAPKs contributes to 
proinflammatory cytokine downregulation following chronic 
NOD2 stimulation of human macrophages. J Immunol. 
2015;194:1928-37. doi: 10.4049/jimmunol.1401933. 

63.	 Crotty S. T follicular helper cell differentiation, function, and 
roles in disease. Immunity. 2014;41:529-42. doi: 10.1016/j.
immuni.2014.10.004. 

64.	 Yang J, Bi L, He X, Wang Z, Qian Y, Xiao L, et al. Follicular 
Helper T Cell Derived Exosomes Promote B Cell Proliferation 
and Differentiation in Antibody-Mediated Rejection after 
Renal Transplantation. Biomed Res Int. 2019;2019:6387924. 
doi: 10.1155/2019/6387924. 

65.	 Friedrich MJ. Going With the Flow: The Promise and Challenge 
of Liquid Biopsies. JAMA. 2017;318:1095-1097. doi: 10.1001/
jama.2017.10203. 

66.	 Ogura H, Murakami M, Okuyama Y, Tsuruoka M, Kitabayashi 
C, Kanamoto M, et al. Interleukin-17 promotes autoimmunity 
by triggering a positive-feedback loop via interleukin-6 
induction. Immunity. 2008;29:628-36. doi: 10.1016/j.
immuni.2008.07.018. 

67.	 Takada Y, Kamimura D, Jiang JJ, Higuchi H, Iwami D, Hotta 
K, et al. Increased urinary exosomal SYT17 levels in chronic 
active antibody-mediated rejection after kidney transplantation 
via the IL-6 amplifier. Int Immunol. 2020;32:653-662. doi: 
10.1093/intimm/dxaa032. 



                                                        Exosome and kidney transplantation

                                        Journal of Parathyroid Disease, Volume 8, 2020 9

68.	 Esteva-Font C, Guillén-Gómez E, Diaz JM, Guirado L, 
Facundo C, Ars E, et al. Renal sodium transporters are 
increased in urinary exosomes of cyclosporine-treated kidney 
transplant patients. Am J Nephrol. 2014;39:528-35. doi: 
10.1159/000362905. 

69.	 Curtis JJ, Luke RG, Jones P, Diethelm AG. Hypertension in 
cyclosporine-treated renal transplant recipients is sodium 
dependent. Am J Med. 1988;85:134-8. doi: 10.1016/s0002-
9343(88)80331-0. 

70.	 Devarajan P. Neutrophil gelatinase-associated lipocalin 
(NGAL): a new marker of kidney disease. Scand J Clin Lab Invest 
Suppl. 2008;241:89-94. doi: 10.1080/00365510802150158. 

71.	 Rubinstein P. HLA matching for bone marrow transplantation-
-how much is enough? N Engl J Med. 2001;345:1842-4. doi: 
10.1056/NEJM200112203452511. 

72.	 Shao L, Zhang Y, Pan X, Liu B, Liang C, Zhang Y, et al. 
Knockout of beta-2 microglobulin enhances cardiac repair 
by modulating exosome imprinting and inhibiting stem cell-
induced immune rejection. Cell Mol Life Sci. 2020;77:937-
952. doi: 10.1007/s00018-019-03220-3. 

73.	 Morelli AE, Larregina AT, Shufesky WJ, Sullivan ML, Stolz 
DB, Papworth GD, et al. Endocytosis, intracellular sorting, 
and processing of exosomes by dendritic cells. Blood. 
2004;104:3257-66. doi: 10.1182/blood-2004-03-0824. 

74.	 Segura E, Nicco C, Lombard B, Véron P, Raposo G, Batteux F, et 
al. ICAM-1 on exosomes from mature dendritic cells is critical 
for efficient naive T-cell priming. Blood. 2005;106:216-23. 
doi: 10.1182/blood-2005-01-0220. 

75.	 Poutsiaka DD, Schroder EW, Taylor DD, Levy EM, Black PH. 
Membrane vesicles shed by murine melanoma cells selectively 
inhibit the expression of Ia antigen by macrophages. J 
Immunol. 1985;134:138-44. 

76.	 Zaborowski MP, Balaj L, Breakefield XO, Lai CP. Extracellular 
Vesicles: Composition, Biological Relevance, and Methods 
of Study. Bioscience. 2015;65:783-797. doi: 10.1093/biosci/
biv084. 

77.	 Doyle LM, Wang MZ. Overview of Extracellular Vesicles, Their 
Origin, Composition, Purpose, and Methods for Exosome 
Isolation and Analysis. Cells. 2019;8:727. doi: 10.3390/
cells8070727. 

78.	 Zarovni N, Corrado A, Guazzi P, Zocco D, Lari E, Radano G, 
et al. Integrated isolation and quantitative analysis of exosome 
shuttled proteins and nucleic acids using immunocapture 
approaches. Methods. 2015;87:46-58. doi: 10.1016/j.
ymeth.2015.05.028. 

79.	 Hiemstra TF, Charles PD, Gracia T, Hester SS, Gatto L, Al-
Lamki R, et al. Human urinary exosomes as innate immune 
effectors. J Am Soc Nephrol. 2014;25:2017-27. doi: 10.1681/
ASN.2013101066. 

80.	 Cvjetkovic A, Lötvall J, Lässer C. The influence of rotor type 
and centrifugation time on the yield and purity of extracellular 
vesicles. J Extracell Vesicles. 2014 Mar 25;3. doi: 10.3402/jev.
v3.23111. 

81.	 Zhao Z, Yang Y, Zeng Y, He M. A microfluidic ExoSearch chip 
for multiplexed exosome detection towards blood-based 
ovarian cancer diagnosis. Lab Chip. 2016;16:489-96. doi: 
10.1039/c5lc01117e. 

82.	 Li P, Kaslan M, Lee SH, Yao J, Gao Z. Progress in Exosome 
Isolation Techniques. Theranostics. 2017;7:789-804. doi: 
10.7150/thno.18133. 

83.	 Tauro BJ, Greening DW, Mathias RA, Ji H, Mathivanan S, 
Scott AM, et al. Comparison of ultracentrifugation, density 
gradient separation, and immunoaffinity capture methods 
for isolating human colon cancer cell line LIM1863-derived 
exosomes. Methods. 2012;56:293-304. doi: 10.1016/j.
ymeth.2012.01.002. 

84.	 Mathivanan S, Lim JW, Tauro BJ, Ji H, Moritz RL, Simpson 
RJ. Proteomics analysis of A33 immunoaffinity-purified 
exosomes released from the human colon tumor cell line 
LIM1215 reveals a tissue-specific protein signature. Mol Cell 
Proteomics. 2010;9:197-208. doi: 10.1074/mcp.M900152-
MCP200. 


