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miR-124 delivered by BM-MSCs-derived exosomes targets MCT1 of tumor-
infiltrating Treg cells and improves ovarian cancer immunotherapy
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Metabolic rewiring of tumor cells leads to an enrichment of lactate in the tumor microenvironment (TME). This lactate-
rich environment of solid tumors has been reported to support tumor-infiltrating regulatory T (Treg) cells. Therefore, agents
that modify the lactate metabolism of Treg cells have therapeutic potential. Monocarboxylate transporter 1 (MCT1), which
Treg cells predominantly express, plays an essential role in the metabolism of tumor-infiltrating Treg cells. In this study,
we show that miR-124 directly targets MCT1 and reduces lactate uptake, eventually impairing the immune-suppressive
capacity of Treg cells. Particularly, exosomal miR-124 derived from bone marrow mesenchymal stromal cells (BM-MSCs)
slows tumor growth and increases response to PD-1 blockade therapy. These data indicate a potential treatment strategy for
improving immune checkpoint blockade therapy using miR-124-carried BM-MSCs-derived exosomes.
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microRNAs  (miRNAs) are functionally small
non-coding RNAs processed from hairpin-containing
primary transcripts (pri-miRNA) and are closely involved
in the development and progression of cancer [1-3].
miRNAs exhibit abnormal expression in many cancer types
and affect the hallmarks of cancer, including sustaining
proliferative signaling, evading growth suppressors,
resisting cell death, inducing angiogenesis, activating
invasion and metastasis, and avoiding immune destruc-
tion [4, 5]. Thus, manipulating the dysregulated miRNAs
is a new therapeutic strategy for cancer [6]. Among the
numerous cancer-associated miRNAs, the miR-124 family
has received substantial attention, with three members
(miR-124-1, miR-124-2, and miR-124-3) downregulated in
many cancers [7, 8]. The tumor suppressive role of miR-124
is also evidenced by its target mRNA network, affecting the
expression of oncoproteins such as K-Ras [9], epigenetic
proteins such as EZH2 [10, 11], and transcript factors such
as STAT3 [12-14]. Given that miR-124 targets a large pool
of oncogenic mRNA, therapeutic strategies to replenish
miR-124 may be of use in cancers.

Exosomes are nano-sized extracellular vesicles with a
membrane lipid bilayer that play important roles in inter-
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cellular communication [15]. The biological function of
exosomes is to deliver various effectors, such as lipids,
metabolites, proteins, and nucleic acids, to target cells
[16-19]. Accumulated evidence indicates that exosomes
may serve as anticancer drug carriers to achieve targeted
therapy [20-23]. For instance, mesenchymal stem cell
(MSC)-derived exosomes suppress the growth of glioma,
breast cancer, and pancreatic ductal adenocarcinoma both
in vitro and in vivo by delivering miR-146b [24], miR-379
[25], miR-145-5p [26], or miR-124 [11], respectively.
Exosomal let-7a derived from human embryonic kidney
cell line 293 (HEK293) reduces breast cancer xenograft
growth in a mouse model [27]. Upregulating miR-335-5p
expression in stellate cell-derived exosomes can inhibit the
growth and invasion of hepatocellular carcinoma cells in
mice models [28]. Exosomes extracted from normal human
foreskin fibroblasts can be engineered to deliver siRNA and
shRNA constructs that target the KRAS?® oncogene, these
exosomes show significant inhibitory effects on pancreatic
cancer models developed in immunocompromised and
immunocompetent mice [29]. Taken together, controlling
the expression of anti-tumor miRNAs using exosomes is of
great significance in the treatment of tumors.
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Metabolism reprogramming is thought to be a unique
hallmark of tumor cells that sustains their uncontrolled
growth and proliferation [30, 31]. This metabolic rewiring
leads to glycolysis flux and lactate production [30, 31]. The
tumor microenvironment (TME) enriched-lactate enables
Treg cells to impair anti-cancer immunity, allowing cancer
cells to evade immune destruction [32, 33]. In mammals,
lactate’s transport across biological membranes is mediated
by MCTs of the solute carrier 16 (SLC16) family, which
comprisesl4 genes in the human genome (i.e., SLCI6AI-
Al14) [34]. Among them, MCT1 (SLC16A1), which Treg
cells predominantly express, plays a critical role in lactate
uptake and has recently emerged as a major and validated
target in cancer therapy [32-34]. Genetic and pharmacolog-
ical inhibition of MCT1 of Treg cells reduced the frequency
of Treg cells and PD-1 expression by Treg cells in the TME
and increased activated CD8" T cells, leading to significant
inhibition of tumor growth by immunotherapy [32, 33].

Indeed, MCT1 has been demonstrated as a direct target of
miR-124 [35-38]. Here, we showed that exosomal miR-124,
derived from BM-MSCs, effectively targeted MCT1 of
tumor-infiltrating Treg cells, thereby reversing anti-tumor
immunity and improving PD-1 blockade therapy. These
data open a new window for developing a miRNA-carried
exosome therapy against lactate as cancer immunotherapy.

Materials and methods

Cell lines and cell culture. Ovarian cancer cell line
ID8 (RRID: CVCL_VA22), was cultured in DMEM
(C11995500BT, GIBCO) supplemented with penicillin G (100
U/mL) and streptomycin (100 mg/ml) (SV30010, Hyclone)
and 10% fetal bovine serum (04-001-1ACS, BI). Bone marrow
mesenchymal stromal cells (BM-MSCs) from C57BL/6 mice
were purchased from Cyagen (MUBMX-01001). BM-MSCs
were cultured in the MEM medium (C12571500CP, GIBCO)
supplemented with penicillin G (100 U/ml) and strepto-
mycin (100 mg/ml) (SV30010, Hyclone) and 10% fetal calf
serum (04-001-1 ACS, BI). Cells were grown at 37°C in a
humidified atmosphere with 5% CO..

Quantitative real-time polymerase chain reaction
analysis. Total RNA of tissues and exosomes were extracted
by TRIzol reagent (Invitrogen). After the determination of
the RNA concentration, a PrimeScript™ RT reagent kit
(TaKaRa, Dalian, China) was used to synthesize complemen-
tary DNA. Mature microRNAs in the sample were reverse
transcribed to cDNA using TagMan™ Advanced MicroRNA
cDNA Synthesis Kit (Thermo Fisher, USA). qRT-PCR was
performed using a SYBR Green Reagent (TaKaRa, Dalian,
China). U6 was used to normalize microRNA. The 2-24%
method was used to calculate the relative expression of genes.
Each test was repeated 3 times. The primer sequences were as
follows: mmu-miR-124-3p forward, 5-TCTTTAAGGCAC-
GCGGTG-3’ and reverse 5-TATGGTTTTGACGACTGT-
GTGAT-3’

Transient miRNA transfection. miRNA-124-3p
mimic  (5-UAAGGCACGCGGUGAAUGCC-3’) and
negative control (miR-NC) (5-UUUGUACUACACAA-
AAGUACUG-3’) were synthesized by Ribobio. BM-MSCs
were transfected with miRNA-124-3p mimic or negative
control using Lipofectamine® 3000 (Invitrogen; Thermo
Fisher Scientific, Inc.), according to the manufacturer’s
protocol.

Cell isolation and flow cytometry. Tumor of mice
was harvested and processed to signal cell suspensions of
lymphocytes. Cells of interest were analyzed using surface
markers, and for Foxp3, TNFa, or Ki-67 staining, surface
marker-stained cells were fixed, permeabilized, and labeled
with Foxp3-, TNFa-, or Ki-67-specific mAb. All flow cytom-
etry data were captured using FASCcan Flow Cytometer and
analyzed using the Flow]Jo software.

Exosome isolation and identification. Exosomes were
prepared from BM-MSCs with miR-NC or miR-124-3p
transfection. Briefly, the medium was collected and centri-
fuged at 1,000x g for 10 min at 4°C. Following centrifuga-
tion, the supernatant was passed through a 0.22 pm sterile
filter (Steritop™ Millipore, MA, USA). Then, the filtered
supernatant was performed for exosome isolation using a
commercial kit (BIBOBIO, cat. no. C10130-1) according to
the manufacturer’s protocol. Western blotting was used to
determine specific exosome surface markers, such as CD9
and CD63.

pHrodo red assay for lactic acid uptake. Cell suspen-
sions from lymph nodes and mice tumors were loaded with
pHrodo Red AM (ThermoFisher Scientific) according to the
manufacturer’s protocol in 20 mM HEPES in PBS. Cells were
surface stained for multicolor flow cytometry following the
normal protocol in 20 mM HEPES/PBS. At the flow cytom-
eter, lactic acid was spiked into each sample at a final concen-
tration of 5 mM (pH roughly 6.7). Samples were read at 30
min after the addition of lactic acid.

Exosome uptake by naive CD4* T cells. The PKH-26-
labeled exosomes were co-cultured with naive CD4* T cells
for 24 h. Then, the cells were washed with PBS and identified
by flow cytometry.

Microsuppression and proliferation assays. Tumor-
infiltrating Treg cells were isolated by flow-assisted sorting
from tumors of C57BL/6]J-Foxp3¢™< mice. Foxp3* iTregs
were induced from naive CD4* T cells. Briefly, naive CD4* T
cells were incubated for 3 days with CD3e/CD28 mAb beads,
plus TGF-p (3 ng/ml) and IL-2 (25 U/ml), and analyzed by
flow cytometry for Foxp3* iTreg. For Treg cells suppression
assays, Treg cells were co-cultured for 72 h with APCs and
CellTrace™ Violet (CTV)-labeled CD8* T cells at ratios 1:5
in a complete RPMI medium with CD3e mAb (1 pg/ml,
Biolegend). Proliferation of CD8" T cells was determined by
flow cytometric analysis of CellTrace Violet (CTV).

In vivo ovarian cancer xenograft model. Animal proto-
cols were approved by the animal care committee of Guang-
dong Provincial People’s Hospital. ID8 cells (1x10°) were
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injected subcutaneously into the back of 4-week-old C57BL/6
female mice. Mice received intratumoral injection of miRNA
or exosome after the tumors reached 5 mm in diameter.
Tumor sizes were measured at the indicated times. Tumor
volumes were estimated according to the following formula:
volume = (longest diameter x shortest diameter?)/2.

Western blot. Cells and exosomes were lysed in RIPA
buffer containing protease and phosphatase inhibitors.
Protein quantification was performed by BCA Protein Assay
(Pierce; Thermo Fisher Scientific, Inc.). Then 20 pg of soluble
protein were loaded onto each lane of 8-12% Bis-TRIS gel.
The proteins were transferred to polyvinylidene fluoride
(PVDF) membrane. For the immunoblot, the membranes
were blocked with 5% skimmed milk (Bio-Rad Laboratories,
Inc.) in TBST for 1 h. Primary antibodies (1:1000 dilution) in
5% bovine serum albumin (BSA) were added and incubated
overnight at 4°C on a shaker. The membranes then were
washed with TBST and incubated with a secondary antibody
(1:5000 dilution) in 5% skimmed milk at room temperature
for 1 h. The membranes then were washed with TBST and
incubated with ECL mix (Epizyme; cat. no. SQ202). Rabbit
antibody against MCT1 (cat. no. 20139-1-AP), CD9 (cat. no.
20597-1-AP), CD63 (cat. no. 25682-1-AP), mouse antibody
against GAPDH (cat. no. 60004) and horseradish peroxi-
dase-conjugated secondary antibodies (cat. no. SA00001-1
and SA00001-2) were obtained from ProteinTech Group, Inc.

Statistical analysis. The GraphPad Prism 7 was applied
for statistical data analysis. Unpaired t-test was utilized to
analyze the data conforming to normal distribution and
homogeneity of variance between the two groups. All experi-
ments were repeated 3 times unless stated otherwise. Data
are presented as mean values with standard error of the mean
(SEM). The two-sided p-value < 0.05 were defined as statisti-
cally significant.

Results

miR-124 impairs tumor infiltrating-Treg cells function.
In the present study, miR-124 was detected in six pairs of
primary ovarian cancer and corresponding healthy tissue.
We found that miR-124 was downregulated in tumors
(Figure 1A). Next, we evaluated in vivo miR-124’s treatment
effect on ovarian cancer using the xenograft C57BL/6 mice
model (Figure 1B). Mice received an intratumoral injec-
tion of negative control (miR-NC) or miR-124-3p after
the tumors reached 5 mm in diameter. Then, we examined
the tumor infiltrating-Treg cells in NC- and miR-124-3p-
treated groups by flow cytometry. Results showed that the
proportion of Treg cells was reduced in miR-124-3p-treated
infiltrates (Figure 1C). While characterization of intratu-
moral miR-124-3p-treated Treg cells revealed decreases in
Ki-67, ICOS, and CD103 staining, as well as elevated PD-1
staining, potentially indicating dysfunctional Treg cells
(Figures 1D-1G). To further identify miR-124-3p’s tumor
immune microenvironment (TIME) modulation in ovarian

cancer, we measured the Treg cells suppressor activity,
isolated from C57BL/6]-Foxp3°™ mice bearing tumors,
with NC or miR-124-3p treatment. By co-culturing CD8*
T cells with Tregs™¢ or Tregs™*!***», and using a CellTrace
Violet (CTV) dilution assay as the readout for CD8* T cell
proliferation. We found that Tregs™®'*** had reduced
suppressive function ex vivo than Tregs™® (Figure 1H). Also,
increased numbers of TNF-a* CD8* T cells were found in
Tregs™R*12% co-culture groups (Figure 1I). Collectively,
these data suggested that miR-124-3p impaired functional
tumor infiltrating-Treg cells.

miR-124 impairs Treg cells’ function by reducing lactate
uptake. Here, we found that miR-124 targeted MCT'1 in naive
CD4" T cells (Figure 2A), which is in line with observations
in tumor cells [36, 37, 39]. MCT1 functions in transporting
lactate from the circulation into cells. Predictably, miR-124
dampened lactate uptake in naive CD4* T cells (Figures 2B,
2C). We previously reported that lactate supported Treg cells’
functions [40]. In the present study, naive CD4* T cells were
cultured under polarizing conditions to form iTregs. We
observed an increase in iTreg formation, as well as suppressor
activity, in the added Na L-lactate group (Figures 2D-2F).
However, miR-124 transfection reversed Na L-lactate’s effects
(Figures 2D-2F). Altogether, these results suggested that
miR-124 weakened lactate-induced Treg cells’ polarization
and function.

miR-124-carried exosomes impair Treg cells’ function.
Considering that exosomes may serve as miRNA carriers
to achieve targeted therapy, we next investigated whether
exosomes can be vehicles to deliver miR-124 into lympho-
cytes. The exosomes were prepared from miR-NC or
miR-124-3p transfected BM-MSCs, and identified by CD9
and CD63 (Figures 3A, 3B). The expression level of miR-124
was much higher in Exo™®!22F than in Exo™®~¢ (Figure 3C).
The PKH-26 labeled exosomes were co-cultured with naive
CD4* T cells, flow cytometry analysis showed that both
Exo™RN¢ and Exo™®!2*% could be engulfed by receptor
cells (Figure 3D). In addition, Exo™®'*? [ed to a decrease
in MCT1 expression in naive CD4* T cells (Figure 3E).
Next, naive CD4* T cells were pre-treated with Exo™*N¢ or
Exo™®1243p and then were cultured under polarizing condi-
tions to form iTregs. Compared to Exo™®NC, Exomif1-3p
effectively suppressed iTreg formation and suppressor
activity (Figures 3F-3H). All these results suggested that the
exosomes could deliver miR-124 into Treg cells.

miR-124-carried exosomes impair tumor-infiltrating
Treg cells’ function and improve cancer immunotherapy.
Lactic acid is highly enriched in the TME and is known to
promote Treg-mediated suppression [32, 33, 40, 41]. To
further investigate whether miR-124 could restrain Treg cells’
lactate uptake in vivo, miR-NC or miR-124-3p was injected
into tumors. The lactate uptake was subsequently analyzed in
sorted tumor-infiltrating Treg cells (Figure 4A). Compared
to miR-NC, miR-124-3p intratumoral injection reduced the
lactate uptake in tumor-infiltrating Treg cells (Figure 4B).
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Figure 1. miR-124 impairs tumor-infiltrating Treg cells’ function. A) Levels of miR-124 in six pairs of ovarian cancer and matched normal fallopian
tube tissue. B) Tumoral injection of miR-NC or miR-124-3p. C) The proportion of tumor-infiltrating Treg cells was analyzed in miR-NC or miR-124-3p
treated tumors. D) The expression of Ki-67 in tumor-infiltrating Treg cells was analyzed in miR-NC or miR-124-3p treated tumors. E) The expression
of ICOS in tumor-infiltrating Treg cells was analyzed in miR-NC or miR-124-3p treated tumors. F) The expression of CD103 in tumor-infiltrating Treg
cells was analyzed in miR-NC or miR-124-3p treated tumors. G) The expression of PD-1 in tumor-infiltrating Treg cells was analyzed in miR-NC or
miR-124-3p treated tumors. H) Left, representative histogram showing the dilution of dye as a result of proliferation of CD8* T cells after 72 hours of
co-culture with tumor-infiltrating Treg cells isolated from tumors of miR-NC- or miR-124-3p-treated C57BL/6]-Foxp3°*< mice. Right, frequency of
proliferated CD8" T cells co-culture with tumor-infiltrating Treg cells isolated from tumors of miR-NC- or miR-124-3p-treated C57BL/6]-Foxp3°"
mice. I) Representative flow plot (left) and tabulated percentage (right) of TNF-a* CD8" T cells co-cultured with tumor-infiltrating Treg cells isolated
from tumors of miR-NC- or miR-124-3p-treated C57BL/6]-Foxp3°™< mice.

Similar results were also found in Exo™®!2*3 intratumoral
injection (Figures 4C, 4D). Next, the sorted infiltrating-Treg
cells underwent the suppression assays, results showed that
intratumoral injection of Exo™®!?*3 significantly impaired
infiltrating-Treg cells’ suppressive capacity (Figures 4E, 4F).
We next carried out a treatment study using ID8 xenograft in

C57BL/6 mice. Results showed that anti-PD-1 monotherapy
was able to reduce tumor size, a combination of Exo™®124,
but not Exo™*~¢, and anti-PD-1 showed a greater reduction
(Figure 4G). This enhancement in anti-tumor efficacy was also
beneficial to survival, with combination therapy increasing
survival more than either monotherapy (Figure 4H).
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Figure 2. miR-124 impairs Treg cells’ function by reducing lactate uptake. A) MCT1 expression in miR-NC and miR-124-3p transfected naive CD4* T
cells was evaluated by western blot. B) Na L-lactate uptake was analyzed in miR-NC or miR-124-3p transfected naive CD4" T cells. C) Representative
data (left) and quantified data (right) of Na L-lactate uptake in naive CD4* T cells with miR-NC or miR-124-3p transfection. D) Representative data
(left) and quantified data (right) from Treg cells induction experiments with or without Na L-lactate treatment, miR-NC or miR-124-3p transfection.
E) Left, representative histogram showing the dilution of dye as a result of the proliferation of CD8* T cells after 72 h of co-culture with iTregs polarized
with Na L-lactate treatment, miR-NC or miR-124-3p transfection. Right, frequency of proliferated CD8* T cells co-culture with iTregs polarized with
Na L-lactate treatment, miR-NC or miR-124-3p transfection. F) Representative flow plot (left) and tabulated percentage (right) of TNF-a* CD8* T cells
co-cultured with iTregs polarized with Na L-lactate treatment, miR-NC or miR-124-3p transfection.

Discussion

Tumor cells are characterized by altered glucose metabo-
lism known as the Warburg effect in which glycolysis flux
and lactate production are increased [30, 31]. The lactate-

rich TME is thought to support Treg cells’ function through
a distinct metabolic profile from other T cells [32, 33, 41].

Treg cells use lactate as a fuel and as a means to protect their
high suppressive capacity, which leads to tumor immune
evasion [32]. In addition, lactate uptake also induces PD-1



718 Tian GAO, et al.

expression in Treg cells, and controls immune responses in  gies based on their potential for simultaneous modulation
the TME [33]. These observations suggest that controlling  of multiple targets. miRNA-based therapeutic approaches
lactate uptake of Treg cells may be helpful to cancer therapy.  against tumors have progressed from bench to bedside, with

Owing to the important role of lactate in tumor develop-  the development of delivery systems [1, 50, 51]. miR-34
ment, inhibition of lactate metabolism by blocking monocar-  mimic encapsulated in liposomes (MRX34) was evaluated
boxylate transporters becomes a potential strategy for tumor  in patients with advanced solid tumors (ClinicalTrials.gov
therapy [42, 43]. Early-developed MCTs inhibitors, such identifier NCT01829971, NCT02862145). miR-16 mimic
as phloretin and quercetin, are generally of low affinity  delivered in bacterial minicells coated with epidermal
and poor specificity [44, 45]. Recently, several more potent  growth factor receptor (EGFR) antibody (MesomiR-1) was
MCT1 inhibitors, such as AZD3965 and BAY-8002, have assessed in patients with malignant pleural mesothelioma
been reported with ICs, or K; at nM range [46, 47]. ADZ3965  or non-small-cell lung cancer (NSCLC) (ClinicalTrials.gov
and BAY-8002 were reported to inhibit MCT1 and MCT2 but  identifier NCT02369198). Currently, MSC-derived exosomes
showed no effect on MCT4 [48]. Presently, AZD3965 is in  have attracted great research interest as a promising strategy
phase I clinical trials. Indole derivatives, a new class of potent  to deliver therapeutic molecules including miRNAs and anti-
inhibitors of MCT1, also show functional inhibitory activi- miRNAs [52]. Unlike liposomes and other synthetic drug
ties at low nM concentrations and great antiproliferative  nanoparticle carriers, exosomes are released by all cells and
activities against the MCT1-expressing tumor cells, while  contain transmembrane and membrane-anchored proteins,
they are selective over MCT4 [49]. which enhance endocytosis and thus promote the transfer of

Unlike the small-molecule inhibitors, miRNAs provide their contents [53, 54]. In addition, exosomes express CD47,
attractive and mechanistically different therapeutic strate- a ‘don’t eat me’ signal that interacts with signal regulatory
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Figure 3. miR-124-carried exosomes impair Treg cell’s function. A) TEM image of BM-MSC derived exosome. Scale bar, 100 nm B) CD9 and CD63
expressions in exosomes derived from miR-NC or miR-124-3p transfected BM-MSCs were evaluated by western blot. C) miR-124 expression in exo-
somes derived from miR-NC or miR-124-3p transfected BM-MSCs was evaluated by RT-qPCR. D) PKH-26 labeled exosomes derived from miR-NC or
miR-124-3p transfected BM-MSCs were engulfed by naive CD4+ T cells. E) MCT1 expression in exosome™*™C or exosome™* 2% treated naive CD4+
T cells was evaluated by western blot. F) Representative data (left) and quantified data (right) from Treg cells induction experiments with exosome™*
N¢ or exosome™® 1243 treatment. G) Left, representative histogram showing the dilution of dye as a result of proliferation of CD8* T cells after 72 h of
co-culture with iTregs polarized with exosome™*NC or exosome™*12+3 treatment. Right, frequency of proliferated CD8* T cells co-culture with iTregs
polarized with exosome™*~C or exosome™* 1243 treatment. H) Representative flow plot (left) and tabulated percentage (right) of TNF-a* CD8" T cells
co-cultured with iTregs polarized with exosome™*™¢ or exosome™*!2+3 treatment.
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Figure 4. Exosomes-delivered miR-124 impairs tumor-infiltrating Treg cells’ function and improves cancer immunotherapy. A) Na L-lactate uptake
was analyzed in miR-NC or miR-124-3p treated tumor-infiltrating Treg cells. B) Representative data (left) and quantified data (right) of Na L-lactate
uptake in tumor-infiltrating Treg cells isolated from tumors of miR-NC- or miR-124-3p-treated C57BL/6]-Foxp3°*< mice. C) Na L-lactate uptake
was analyzed in exosome™*® N or exosome™* 12 treated tumor-infiltrating Treg cells. D) Representative data (left) and quantified data (right) of Na
L-lactate uptake in tumor-infiltrating Treg cells isolated from tumors of exosome™* N or exosome™*'**¢ treated C57BL/6]-Foxp3°™< mice. E) Left,
representative histogram showing the dilution of dye as a result of proliferation of CD8" T cells after 72 hours of co-culture with tumor-infiltrating
Treg cells isolated from tumors of exosome™*™¢ or exosome™*'2+% treated C57BL/6J-Foxp3°™ mice. Right, frequency of proliferated CD8* T cells
co-culture with tumor-infiltrating Treg cells isolated from tumors of exosome™* ™~ or exosome™*'2* treated C57BL/6J-Foxp3°* mice. F) Represen-
tative flow plot (left) and tabulated percentage (right) of TNF-a* CD8* T cells co-cultured with tumor-infiltrating Treg cells isolated from tumors of
exosome™*N¢ or exosome™* 123 treated C57BL/6]-Foxp3°F*< mice. G) Treatment of ID8 tumors in C57BL/6 mice with exosome™*N¢, exosome™* 1243
and PD-1 blockade, and combination therapy. n=6, each group, experiment conducted once. Unpaired one-way ANOVA without multiple comparison
correction. H) Survival analysis of mice shown in (G). n=6, each group, one-tailed log-rank Mantel-Cox test.

protein alpha (SIRPa) on circulating monocytes to prevent  the question of how to enable tissue-specific targeting, and
phagocytosis and thus increase half-life in the circulation [29].  what dose can achieve a therapeutic effect with minimal side
However, several obstacles are urgently needed to overcome  effects. Collectively, our study offers insight into the thera-
in the push toward a clinical routine application of exosomal  peutic potential of BM-MSC-derived exosomal miR-124 in
miRNAs. The most critical issues to be addressed include  specific targeting of MCT1 of tumor-infiltrating Treg cells.
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