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Abstract
Background: Human adipose tissue-derived stem cells (hADSCs) are considered an ideal source of cells
for regenerative medicine. Mesenchymal stem cells derived-exosomes (MSC-Exos) are being opined as
new cell-free therapeutics for numerous human diseases. For future clinical applications, the safety of
allogenic hADSCs and hADSCs-derived exosomes (hADSCs-Exos) needs to be addressed and veri�ed in
pre-clinical animal models. This study sought to evaluate the toxicity of hADSCs and hADSCs-Exos by
performing in vivo and in vitro toxicological assessments.

Methods: We used IVIS to track the biodistribution of GFP-labeled hADSCs and the PKH26-labeled in a
mouse model. The tumorigenicity of hADSCs and hADSCs-Exos was analyzed by soft agar colony
formation assay and nude mice tumorigenicity test in vitro and in vivo. The acute animal toxicity and
allergenicity test were used to explore the toxicological profile of hADSCs and hADSCs-Exos in mice.

Results: We found that hADSCs-Exos accumulated faster in the tissues of mice and were also cleared
more rapidly compared to hADSCs. Both hADSCs and hADSCs-Exos have little risk of tumorigenicity, and
hADSCs-Exos had lower toxicity and lower immunogenicity than hADSCs.

Conclusion: Our study is the �rst to compare the safety between hADSCs and hADSCs-Exos, and revealed
that hADSCs-Exos are safer for application as systemic therapy, without complications in toxicological
assessment, and have a better prospective utility as a treatment agent and for drug delivery. 

Introduction
Mesenchymal stem cells (MSCs) have become a prospective cell treatment tool owing to their numerous
properties, including multipotency, self-regenerating along with expansion ability, low immunogenicity,
relatively simple to isolate from tissues, secretion of mediators that allow substitution or renovation of
tissues [1, 2]. Human adipose-derived stem cells (hADSCs) are a stem cell population that originated from
the SVF (stromal-vascular fractions) of the adipose tissue [3]. hADSCs have multiple differentiation
potential and have also exhibited remarkable and reliable clinical utility value [4]. hADSC sources are
ubiquitous, and isolation of hADSCs is secure, simple, and minimally invasive. For cell therapy, hADSCs
have been proven to have immunosuppressive along with anti-in�ammatory in�uences, as well as tissue
repair and regeneration [4], which can be helpful to treat pathological wounds [5, 6], autoimmune
disorders [7, 8], neurodegenerative diseases [9, 10], and other diseases [11, 12].

Paracrine cytokines, exosomes, and other active substances have been reported to be a major factor in
which hADSCs exert their biological effects [13–15]. Numerous reports have documented that MSC
transplantation therapy may work primarily through a paracrine mechanism where exosomes play a
major role [16–19]. Recently, exosomes have gained attention as a promising alternative to conventional
cell-based therapy. Exosomes are extracellular nano-scale vesicles, ranging between 30 and 200 nm in
size, containing proteins and genetic material such as DNA, mRNA, and miRNA. They are transported to
target cells for intercellular communication [20]. Exosomes offer improved safety and reliability
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compared to parental cells without loss of function [21–23]. Therefore, exosomes have wide therapeutic
potential in treating numerous diseases, for instance cancer [24], cardiovascular conditions [25],
neurodegenerative diseases[26, 27], tissue damage [28, 29], as well as pathogenic infections [30].

There is a growing number of reports on the e�cacy and roles of hADSCs and hADSCs-Exos. Despite the
growing interest, the toxicity and safety researches of hADSCs and hADSCs-Eoxs are limited. Some
studies have explored genotoxic, immunological, and hematological impacts of MSC-Exos, while some
revealed the in vitro skin toxicity of hADSCs-Eoxs. The comprehension of the toxicity of hADSCs and
hADSCs-Exos remains unclear. Herein, we �rst evaluated the non-clinical safety of hADSCs and hADSCs-
Exos as drugs. We performed several toxicity tests to compare the differences between hADSCs and
hADSCs-Exos in terms of in vivo biodistribution, in vivo tumorigenicity, in vivo acute animal toxicity, and
in vivo allergenicity.

Materials And Methods
hADSCs Culture and hADSCs-GFP Construction

hADSCs were obtained from the Base of Stem Cell Translational Medicine of Shanghai East Hospital.
hADSCs were processed, puri�ed, and con�rmed as described in our previous reports [31]. Brie�y, hADSCs
cells were cultured in a complete medium containing α-MEM (Gibco, USA) and 10% UltraGROTM-Advanced
(Helios Bioscience, USA). After the cells attained con�uence, they were digested with 0.25% trypsin-EDTA
(Invitrogen), diluted 1:3, and plated for subculture. After 24 hours of cell attachment, the green �uorescent
protein (GFP) Lentivirus (Genechem, Shanghai, China) infection was performed with an MOI of 100 as
described by the manufacturer. After three passages, hADSCs stably expressing GFP were obtained, and
hADSCs-GFP was successfully constructed.
Isolation and Identi�cation of hADSCs-Exos

hADSCs-Exos were isolated, con�rmed, and quantitated as described in our previous reports [31]. After
reaching 80–90% con�uence, hADSCs were rinsed in DPBS and incubated with a freshly prepared
complete medium containing hADSCs-Exos-free FBS for two days. The culture supernatant was
centrifuged at 300 g for 10 min to remove cells. The supernatant was transferred from the centrifugal
tube to a new centrifugal tube and centrifuged at 2000 g for ten minutes. The cell debris was removed,
and the supernatant was transferred to a new centrifugal tube again and centrifuged at 10,000 g for 30
minutes, then �ltered through a 0.2-µm �lter. Afterward, the supernatant was collected and centrifuged at
100,000 g for two hours at 4°C. After that, the supernatant was then discarded because the pellet
contained hADSCs-Exos. hADSCs-Exos was re-suspended in 1×PBS and kept at − 80°C for subsequent
experiments. A transmission electron microscope (TEM; FEI) was employed to explore the morphology of
hADSCs-Exos. Besides, nanoparticle tracking analysis (NTA) was employed to determine the number
along with the size of the isolated exosomes on a NanoSight NS300 system (NanoSight, Malvern, UK).
The PKH26 red �uorescent cell linker kit (Sigma, St. Louis, MO, USA) was employed to label the hADSCs-
Exos described by the manufacturer. The expressions of CD9, CD63, and CD81, which are exosome
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surface biomarkers, were detected by western blot. Exosomes were lysed with RIPA lysis buffer
(ThermoFisher, USA) enriched with the protease inhibitor cocktail and phosphatase inhibitor mini-tablets
(Pierce, USA). The lysate was centrifuged at 3000 rpm for 15 minutes at 4°C. After that, the Micro
Bicinchoninic Acid (BCA) Protein Assay Kit (Pierce) was used to quantify the proteins.

In Vivo Imaging of Fluorescently labeled hADSCs and hADSCs-Exos

For the in vivo bio-distribution analysis, a group of nude mice received GFP-labeled hADSCs (2 × 107

cells/kg of body weight) via a lateral tail vein. The mice were imaged using the In Vivo Imaging System
Lumina K Series III (PerkinElmer, America) at diverse time points, 1, 2, 3, 4, 5, 7, 10, and 14 days post cell
infusions. Then mice were sacri�ced immediately after the in vivo imaging, and organs (heart, liver,
spleen, lung, and kidney) were harvested. All �uorescence images were captured with 1s exposure times,
and pseudo-color images indicating photon counts were analyzed using Living Image software
(PerkinElmer, America).

For the in vivo bio-distribution studies of hADSCs-Exos, nude mice were infected with PKH26-labeled
hADSCs-Exos (50 µg/kg of body weight) via the tail vein and imaged at 6, 12, 24, and 48 h after cell
infusions with the Night Owl In Vivo Imaging System (LB 983, Berthold Technologies, Germany). Mice
were sacri�ced immediately after imaging, and organs (heart, liver, spleen, lung, and kidney) were
harvested. All �uorescence images were captured and analyzed using IndiGo™ software (Berthold
Technologies, Germany).

Soft agar colony formation assay

The ability of cells to grow anchorage independently was assessed with the soft agar colony formation
assay. We conducted this assay according to previous angiosarcoma studies [32]. Concisely, 4 ml of 0.6%
low-melting agarose (Sigma-Aldrich, St. Louis, MO) dispersed in DMEM enriched 10% FBS was poured
into a 60 mm culture plate and left to form a bottom layer of agar. Afterward, 2 ml of 0.7% low-melting
agarose containing 5 × 104 hADSCs dispersed in α-MEM enriched with 10% UltraGROTM-Advanced (Helios
Bioscience, USA) was poured on top of the bottom layer and left to form the top layer. The dishes were
incubated at 37°C and 5% CO2 conditions and monitored daily. A microscope was employed to observe
and image the cells on day 14.

Nude Mice Tumorigenicity Test

Overall, 144 nude mice, half male and half female, were commercially acquired from Shanghai Slake
Laboratory Animal Co. Ltd. (Shanghai, China). The experiment was initiated with 6-week-old mice
weighing 20–25 g. The nude mice were randomly divided into four groups, with 36 animals (18 males
and 18 females) in each group. The negative control group received normal saline, the hADSCs groups
received 2 × 107 cells/kg hADSCs, the hADSCs-Exos groups received 50 µg/kg exosomes, and the positive
control group received 2 × 107 cells/kg Hela cells in 100 µL of normal saline intranasally. Subcutaneous
injections were given into the right axilla of each nude mouse. The animals were observed and weighed
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once a week after administering the solutions during the testing period for all animals. We measured the
sizes of the visible nodules using a vernier caliper and recorded the values every seven days. All mice
were sacri�ced at 2 months after the injection, with an overdose of anesthesia solution by intraperitoneal
injection. The heart, liver, kidney, lung, and spleen were removed and weighed. The wet-weight index (%)
was calculated as follows: (organ wet-weight/body weight) × 100%. Sections of major organs were
prepared and stained with hematoxylin-eosin (H&E) for histopathological assays.

Acute Toxicity Test in Mice

Six-week-old C57BL/6 mice were purchased from Shanghai Slake Laboratory Animal Co. Ltd. All animals
were divided into �ve groups with 20 mice per group (10 males and 10 females): negative control group
(normal saline), hADSCs high-dose group (2 × 108 cells/kg), hADSCs low-dose group (2 × 107 cells/kg),
hADSCs-Exos high-dose group (500 µg/kg), and hADSCs-Exos low-dose group (50 µg/kg). All compounds
were administered by lateral tail vein injection in a 100-µl volume (5 mL/kg) and were completed within
one minute. After dosing, toxic signs and mortalities were observed and documented continuously for 14
days. The body weights of all the animals were recorded every three days. After the experiment, the
animals were sacri�ced, organs were harvested, and the wet-weight index was measured. Every animal
found dead or euthanized was immediately subjected to necropsy.

Guinea Pig Active Systemic Allergy Test

Guinea pigs of either sex weighing 250–300 g were randomized into six groups of 12 animals (half
female and half male). Respectively, hADSCs at a high-dose of 2 × 108 cells/kg and a low-dose of 2 × 107

cells/kg, hADSCs-Exos at a high-dose of 500 µg/kg and a low-dose of 50 µg/kg, normal saline, or bovine
serum albumin (BSA) of 20 mg/kg in 1 ml were subcutaneously administered by intraperitoneal injection
into guinea pigs for immuno-sensitization, every other day, for three times. At day 19 post-initial injection,
the sensitizers described above were inoculated intraperitoneally with double the sensitizing dose. After
that, allergic response symptoms, manifested as involuntary urination, frequent nose scratching,
shivering, dyspnea, piloerection, convulsive spasms, shock, or even death, were observed [33].
Classi�cation criteria for sensitization were [34]: symptoms of convulsive spasms, involuntary urination,
dyspnea, shock, or death (++++); symptoms of frequent coughs, consisting of convulsive spasms,
dyspnea (+++); symptoms of a few coughs, with nose scratching, piloerection, or shivering, (++); slight
symptoms of nose scratching, piloerection, or shivering, (+); and non-reactive (−).

Histological analysis

Tissues were harvested from mice and �xed in 4% PFA overnight, then dehydrated and embedded in
para�n, and �nally sliced into 4-µm thick coronal sections by a microtome. For H&E staining, the sections
were stained with hematoxylin and rinsed in water. After that, they were stained with eosin, dehydrated,
and lastly mounted.

Statistical analyses
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Statistical analyses were implemented in the GraphPad Prism software. Two-tailed Student’s t-test was
implemented when there were only two groups of samples, while one-way ANOVA was used in comparing
more than two groups of samples and two-way ANOVA for more than two conditions. ANOVA analysis
was followed by post hoc Bonferroni’s correction for multiple comparisons. P < 0.05 signi�ed statistical
signi�cance; *p-value < 0.05, **p-value < 0.01, ***p-value < 0.001, ****p-value < 0.0001. The data exhibited
a normal distribution. The estimated variance was similar between experimental groups. Data are given
as the mean ± SD or ± SEM as illustrated in the �gure legends.

Results
Biodistribution of hADSCs and hADSCs-Exos

The �uorescence images and white light images taken by the microscope of hADSCs-GFP were displayed
in Fig. 1A, B. The transfection rate of hADSCs was almost 90%, with stable GFP expression after
subculture. GFP-labeled hADSCs were injected into nude mice via the tail vein. To explore the bio-
distribution, we employ an in vivo imaging system (IVIS) to image live mice at different time points after
inoculation with GFP-labeled hADSCs (Fig. 1C). As indicated in these representative photographs, the
levels of detail from �uorescent imaging of the whole mouse did not warrant adequate accuracy to
conclude from which tissue the signal originates. Therefore, to determine the organ from which the
�uorescent signal originated and minimize interference of signals, we harvested the organs and imaged
them ex vivo in subsequent experiments. So, the mice were sacri�ced and organs excised at the
corresponding different time points. Twenty-four hours after intravenous injection, most hADSCs
appeared to have aggregated in the lung, liver, and kidney. Fluorescent levels peaked 48 h after hADSCs-
GFP intravenous injection and tapered gradually throughout seven days. Signals were detected up to 10
days post cell infusion but not after that.

hADSCs-Exos were isolated from hADSCs supernatants by ultracentrifugation. The exosome particle
sizes and concentrations were measured via nanoparticle tracking analysis (NTA), and diameters were
approximately 30–200 nm (Fig. 1D). The hADSCs-Exos pellets were examined by TEM, and spherical
vesicles were visible, as shown in Fig. 1E. The expression of widely expressed exosome surface markers,
such as the CD9, CD81, and CD63, was veri�ed by western blotting (Fig. 1F). PKH26 is a lipophilic
membrane dye and is being used increasingly in studies of exosomes and their functions. PKH dyes,
including PKH26, are recognized to have an in vivo half-life ranging from 5 to > 100 days. The
�uorescence signal of pHK26 can well re�ect the biodistribution and metabolism of exosomes in vivo.
Nude mice intravenously injected with PKH26 labeled hADSCs-Exos were imaged using an IVIS 200
Optical Imaging System at 6, 12, 24, and 48 hours post-injection. At these four different time points, the
mice were sacri�ced and the organs excised. Six hours after intravenous injection, hADSCs-Exos were
primarily accumulated in the lung, liver, and kidney. The highest hADSCs-Exos signal was detected at 12
hours post-injection, and the �uorescent �nally disappeared at about 48 h (Fig. 1G). These results
indicate that hADSCs and hADSCs-Exos have similar distribution patterns, and they both have a higher
accumulation in the lung than in other tissues. Notably, whereas the hADSCs-Exos signal disappeared at
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48 hours in the lung, liver, and kidney, hADSCs showed the most signal in these organs. Overall, these
results indicated that hADSCs-Exos accumulated faster in the lung, liver, and kidney and were also
cleared more rapidly than hADSCs.
Tumorigenicity of hADSCs and hADSCs-Exos

hADSC cells’ rapid growth rate raised the possibility that they were tumorigenically transformed, and two
standard approaches in our study explored this. Firstly, the soft agar colony formation assay illustrated
that hADSC cells could proliferate and did not form large colonies in an anchorage-independent manner
(Fig. 2A). Secondly, a tumorigenicity test was performed to assess the safety of hADSCs and hADSCs-
Exos. Nude mice were injected with hADSCs, hADSCs-Exos, Hela cells, or physiological saline in the right
armpit. Hela cells were used as positive controls. The mice were observed for tumor formation weekly
and photographed at the end of two months. Nodules were observed in female and male mice in the Hela
cells group at day 63, reaching a maximum of 366 mm2 in male mice and 319 mm2 in female mice
(Fig. 2B). Nevertheless, likewise to the physiological saline control group, subcutaneous nodules were not
visible in the male and female mice of the hADSCs and hADSCs-Exos group. Mice were sacri�ced and
necropsied to collect the signi�cant organs for histopathological analyses at 63 days after
administration. No remarkable intergroup differences were detected in mice’s body weight (Fig. 2C). In
addition, no abnormalities were found in organ weight and pathological assessment of the organs in the
hADSCs group and hADSCs-Exos group, compared with the Hela cells groups (Fig. 2D, E). These results
demonstrated that both hADSCs and hADSCs-Exos have little risk of tumorigenicity.

Acute Toxicity Studies of hADSCs and hADSCs-Exos

All animals tolerated the intravenous hADSCs and hADSCs-Exos infusion with two doses, respectively.
The high dose of hADSCs is 5 × 106 cells/mouse (equal to 2 × 108 cell/kg), and the low dose is 5 × 105

cells/mouse (equal to 2 × 107 cell/kg). Regarding hADSCs-Exos dosage, 10ug/mouse (equal to
500ug/kg) is the high dose, and 1ug/mouse (equal to 50ug/kg) is low. In the hADSCs high-dose group, 30
minutes after administration, six female and three male healthy mice showed convulsions, tachycardia,
unresponsiveness, dilated pupils, and �nally death. It appears that the issue could be due to transient
lung emboli [35]. The remaining 11 mice (4 females and 7 males) in hADSCs high-dose group had some
immediate side events symptoms, including restless, dyspnea, and reduced activity, which resolved within
24 h. These above symptoms were not observed in the control group or hADSCs low-dose or hADSCs-
Exos high- and low-dose groups. At 14 days after administration, we sacri�ced all the animals and
collected the major organs for evaluating the in vivo toxicology by histological examination. As shown in
Fig. 3A, there were no signi�cant differences in mice’s body weights from all groups. Viscera percentage
assessment of the tissue follow-up did not reveal any obvious abnormality linked to cell infusion
(Fig. 3B).

Active Systemic Anaphylaxis Test of hADSCs and hADSCs-Exos
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As shown in various publications, false-positive stimulation indices due to irritation may be obtained in
the mouse model [36]. To provide the basis for the clinical trial and clinical application, we evaluated the
allergic reaction of guinea pigs to hADSCs and hADSCs-Exos. The active systemic anaphylaxis test was
designed in Fig. 4. No abnormalities were found in the appearance, behavior, secretion, and excreta of
guinea pigs during the quarantine and sensitization phases. There was no remarkable difference in the
weight of guinea pigs at each time point and each dose group in contrast with the negative control group.
On day 19, guinea pigs were monitored for allergic reactions within 2 h post-challenge, and then the
allergic reaction symptoms were evaluated.

In comparison to the negative control, nine were strongly positive (+++), and three were positive (++) in
the positive control group. In the hADSCs high-dose group, 1 sample was positive (+), three samples were
weakly positive (++), eight samples were negative (–). In the hADSCs low-dose group, only one weakly
positive (+) sample was observed. No animals in the hADSCs-Exos high- and low-dose groups or in the
negative control group had any obvious allergic reaction after the challenge. Animal death was not
observed. Overall, hADSCs-Exos had lower immunogenicity compared to hADSCs (Table 1).

Table 1
Levels on symptoms of active systemic anaphylaxis of guinea pig in various groups

Group N Level of allergic reaction
symptoms

Incidence of
positive
reaction

Incidence of extremely
strong positive reaction

- + ++ +++ ++++

negative
control

12 12 0 0 0 0 0% 0%

positive
control

12 0 0 3 9 0 100% 0%

hADSCs high-
dose

12 8 3 1 0 0 33% 0%

hADSCs low-
dose

12 11 1 0 0 0 8% 0%

hADSCs-Exo
high-dose

12 12 0 0 0 0 0% 0%

hADSCs-Exo
low-dose

12 12 0 0 0 0 0% 0%

Discussion
Herein, we explored the safety and toxicology of hADSCs and hADSCs-Exos as the prelude to their future
utilization as treatment agents. Although the biological and functional roles of hADSCs and hADSCs-
Exos are extensively investigated, there is a dearth of information concerning the toxicological aspects of
using them. Therefore, characterization of the safety and toxicity of hADSCs and hADSCs-Exos is
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essential before their use in clinical trials. In this study, we �rst evaluated the non-clinical safety and
toxicity of hADSC and hADSCs-Exos. We compared the differences between them in biodistribution,
tumorigenicity, acute animal toxicity, and allergenicity. Our current �ndings contribute signi�cantly to our
understanding of the safety of hADSCs and hADSCs-Exos in several ways and provide a basis for the
clinical application of hADSCs and their secreted exosomes.

First, we examined the biodistribution of �uorescently-labeled hADSCs and hADSCs-Exos using an IVIS.
We found that they were both mainly distributed in the lungs, liver, and kidneys after intravenous
injection. The �uorescent signal of hADSCs reached the peak at 48h and was detected up to 14 days
after cell infusion, while hADSCs-Exos’ �uorescent showed the strongest signal at 24h and disappeared
at 48h. These data indicated that hADSCs-Exos accumulated faster in these tissues and cleared more
rapidly than hADSCs. Our data are consistent with previous studies on the biodistribution of MSC and
MSC-Exo [37]. In addition, hADSC cells, like other cells, �rst move to the lung following i.v. infusion [38].
These results are validated in mice in the present study, in which homing to the lungs is reported up to
several days after i.v. infusion. Studies should be designed to explore the possible hADSCs triggered side-
events in the lungs, for instance, thrombosis or pneumonia. No pulmonary embolism was reported in this
study.

Tumorigenicity analysis using nude mice administered hADSCs and hADSCs-Exos revealed no formation
of subcutaneous nodules, suggesting that there is no serious risk of tumor development. Besides, there
were no abnormal results, such as tumor development in systemic organs, indicating no severe risk of
toxicity. More precisely, hADSC cells could proliferate and did not form large colonies in an anchorage-
independent manner. What’s more, in our study, treating animals with doses up to 2× 108/kg (high dose),
we see some healthy mice died of pulmonary embolism. Some other hADSCs high- and low-dose treated
mice had some immediate side effects symptoms, but which resolved within 24 h. In hADSCs-Exos high-
and low-dose groups, we did not see any side effects symptoms. This result veri�es that even extremely
high doses of hADSCs-Exos seem safe as per the clinical safety reports using doses around 500ug/kg.
The histology of all evaluated organs did not reveal any adverse events by infusion of hADSCs and
hADSCs-Exos. Concerning allergenicity, hADSCs-Exos had lower immunogenicity.

Apart from the toxicological studies discussed above, the administered dose of hADSCs and hADSCs-
Exos is crucial. Due to the complexity of the content of MSCs and their exosomes [37], different
administered doses produce different toxicity effects, and the doses differ considerably among different
studies[39–41]. Our research indicated that the hADSCs at a low dose (2 × 107 cells/kg) used in this
study are much safer compared to the signi�cant toxicity of a higher dose (2 × 108 cells/kg) in our animal
model. In addition, the protein composition and their immunomodulatory functions are considered a
cause of immune responses after administration. Some researchers have shown that exosomes have
immune evasion properties [42]. Although the mechanism responsible for immune evasion of exosomes
remains unclear, we also found lower immunogenicity of exosomes in this study.

Conclusion
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In the present study, we explored the biodistribution, toxicological pro�le, and immunogenic potential of
hADSCs and hADSCs-Exos. We established that the hADSCs-Exos are safe with no complications
because hADSCs-Exos had lower toxicity and lower immunogenicity than hADSCs at the corresponding
administered doses, and neither showed signs of tumorigenicity. Although MSC-originated exosomes
have been documented in pre-clinical studies as secure, their complex structure, the alterable
composition, as well as oncogenic along with immunogenic ability, might impede their clinical utility. A
promising option involved developing exosome mimics to improve their uptake, stability, targeting, and
immunogenicity. More studies should be conducted on the standard and promising strategies concerning
manufacturing exosomes at a large scale under GMP and the storage conditions required to transfer
exosomes to clinical utility.

Abbreviations
hADSC: human adipose-derived mesenchymal stem cells; hADSC-Exo: human adipose-derived
mesenchymal stem cells derived exosomes; TEM: Transmission electron microscopy; NTA: Nanosight
tracking analysis; PBS: Phosphate-buffered saline; SEM: Scanning electron microscopy; IVIS In Vivo
Imaging System.
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Figures

Figure 1
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In vivo hADSCs and hADSCs-Exos biodistribution. a hADSCs were in �broblast-like shape. b Fluorescence
images of GFP-infected hADSCs. Scale bars = 100 μm. c IVIS images of the mice and their organs from 1
d to 14 d after receiving an intravenous injection of GFP-hADSCs. d The size of hADSCs-Exos were
analyzed with NTA. e hADSCs-Exos morphology viewed by TEM. Bars represent 500 nm and 200 nm. f
Exosome surface markers CD9, CD63, CD81 were detected by western blotting. g IVIS images of the mice
and their organs from 6 h to 48 h after receiving an intravenous injection of PKH26-hADSCs-Exos. H,
heart; Lu, lung; Li, liver; S, spleen; K, kidney.
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Figure 2

Tumorigenicity test of hADSCs and hADSCs-Exos. a hADSCs and hADSCs-Exos were explored for the
potential to grow anchorage independently. Hela cells were used as a positive control. Magni�cation,
100×. b Mean tumor volumes were calculated every seven days. n = 6. c Bodyweights of nude mice in
each group. Data are given as means ± SD (n = 12; half male and half female). d Viscera percentage = 
viscera weight / bodyweight (n = 6). e H&E staining of the heart, liver, spleen, lung, and kidney after two
months. Scale bar = 100 μm. Results are presented as mean ± standard error of the mean; n = 36 for each
group (18 males and 18 females). *p-value < 0.05, **p-value < 0.01, ***p-value < 0.001 vs vehicle control
group.
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Figure 3

Toxicity test of hADSCs and hADSCs-Exos. a Bodyweights of the C57BL/6 mice in the single-dose toxicity
test. Data are expressed as means ± SD (n = 20; half male and half female). b Viscera percentage = 
viscera weight/bodyweight on day 14. Results are presented as mean ± standard error of the mean; n =
20 for each group (10 males and 10 females). *p-value < 0.05, **p-value < 0.01, ***p-value < 0.001 vs
vehicle control group.
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Figure 4

Sensitization protocol for guinea pigs After a 10-day quarantine period, guinea pigs were sensitized on
days 1, 3, and 5 with the sensitizing dose via intraperitoneal injection and were challenged twice 19th day
after the last sensitization. n = 12 for each group (6 males and 6 females).


