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Osteoarthritis (OA) is a highly prevalent condition in dogs, causing a substantial

reduction in quality of life and welfare of the animals. Current disease

management focusses on pain relief but does not stop the progression of the

disease. Therefore, mesenchymal stem cells (MSCs) could o�er a promising

disease modifying alternative. However, little is known about the behavior and

the mode of action of MSCs following their administration. In the current case

report, 99mTechnetium labelled xenogeneic equine peripheral blood-derived

MSCs were intravenously injected in a 9 year old dog su�ering from a natural

occurring cranial cruciate ligament rupture. The biodistribution of the MSCs

was evaluated during a 6-h follow-up period, using a full body scintigraphy

imaging technique. No clinical abnormalities or ectopic tissue formations were

detected throughout the study. A radiopharmaceutical uptake was present in

the liver, heart, lung, spleen, kidneys and bladder of the dog. Furthermore,

homing of the radiolabelled MSCs to the injured joint was observed, with

40.61 % higher uptake in the a�ected joint in comparison with the healthy

contralateral joint. Finally, a local radioactive hotspot was seen at a part of the

tail of the dog that had been injured recently. The current study is the first to

confirm the homing of xenogeneic MSCs to a naturally occurring joint lesion

after IV administration.
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Introduction

Osteoarthritis (OA) is a highly prevalent condition in dogs, causing a substantial

reduction in quality of life and welfare of the animals. In dogs, secondary osteoarthritis,

caused by an underlying disease process or an injury (i.e., cranial cruciate ligament

disease, hip or elbow dysplasia), is more common than primary osteoarthritis (1).

Frontiers in Veterinary Science 01 frontiersin.org

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://doi.org/10.3389/fvets.2022.1035175
http://crossmark.crossref.org/dialog/?doi=10.3389/fvets.2022.1035175&domain=pdf&date_stamp=2022-11-24
mailto:charlotte.beerts.ext@boehringer-ingelheim.com
mailto:charlotte.beerts.ext@boehringer-ingelheim.com
https://doi.org/10.3389/fvets.2022.1035175
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fvets.2022.1035175/full
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Beerts et al. 10.3389/fvets.2022.1035175

Current disease management involves conservative treatments

[i.e. (non-) steroidal inflammatory drugs and opioids] focusing

on providing relief of the disease symptoms, but they do not

delay or stop the disease progression, let alone reverse it. Surgical

management comprises total joint replacement and arthrodesis

which are highly invasive procedures (2).

Mesenchymal stem cell (MSC) therapies have been

studied for the past decade and could offer a promising

alternative to the currently proposed treatments. The beneficial

effects of MSCs such as differentiation in chondrocytes and

immunomodulation, could provide a more durable solution

for the treatment of OA, with a potential impedance or stop of

the disease progression, and might even revert the sustained

damage or prevent the development of OA (3, 4).

Different reviews have described the safety of autologous

MSCs harvested from bone marrow or fat for local intra-

articular application (5, 6). However, autologous MSCs must

be harvested from the patients itself, cultured for several

weeks and administered back to the patient. This often

involves an invasive procedure for the already compromised

patient and does not allow immediate treatment of an

acute flare. Moreover, the quality of MSCs declines with

increasing age (7, 8), which constitutes a problem since OA

becomes more prevalent with age. Therefore, allogeneic and

xenogeneic MSC therapy can be an interesting alternative.

The absence of major histocompatibility complex class II

expression on the cell surface markers of MSCs allows the

allogeneic and xenogeneic transplantation without the induction

of immunological rejection (9). Furthermore, xenogeneic stem

cell therapy using equine MSCs can be of a great interest

thanks to the absence of transmission of species-specific diseases

and because of the relatively lower culture capacity of canine

MSCs (6). The latter implicates that limited passaging of

the canine MSCs is possible. In contrast, considerably more

passaging steps are possible with equine MSCs resulting in

less blood collections and increased production volumes (10).

Additionally, blood is minimally invasive, easier to harvest,

and larger amounts of blood can be sourced with from horses

than from dogs no or little donor site morbidity. The safe

administration of porcine MSCs in dogs was reported by Tsai

et al. reported (11) and our group recently described the

safe use of an intra-articular injection of equine peripheral

blood-derived mesenchymal stem cells (ePB-MSCs) in dogs

suffering from naturally occurring OA (12). However, this was

a feasibility study and more research is needed to investigate

the safety and efficacy of ePB-MSCs for the treatment of

OA in dogs. The systemic injection of MSCs would ease

their use in practice and could create a more suitable option

for treating patients suffering from OA in multiple joints.

Additionally, the systemic administration of MSCs could induce

a stronger interaction with the immune system resulting in

systemic anti-inflammatory and immunomodulatory effects

(13, 14).

The evaluation of the biodistribution of MSCs following

their intravenous administration in dogs suffering from non-

infectious joint lesions would help to better understand

the behavior and mode of action of the MSCs. Recently,

Barthélémy et al. (15) reported the scintigraphic tracking

of myogenic stem cells in the Golden Retriever Muscular

Dystrophy model using a 111In-oxine labelling technique. In

this study, following their injection in the femoral artery, the

myogenic stem cells were mainly trapped in the injected limb

and the lung. Our group recently reported the tracking of

radiolabelled ePB-MSCs following intravenous, intramuscular

and subcutaneous administration in healthy dogs. In that

study, radiopharmaceutical uptake was predominantly seen

in the heart, lung, liver and bladder (16). To the author’s

knowledge, no study has reported the tracking of MSCs in dogs

suffering from orthopedic lesions. Therefore, the goal of this

study was to evaluate the biodistribution of radiolabelled ePB-

MSCs following intravenous injection in a dog with a naturally

occurring cranial cruciate ligament rupture during a 6 h follow-

up period, using a full body scintigraphy imaging technique.

Materials and methods

Experiment

In this experiment, the biodistribution of intravenously

administrated ePB-MSCs was evaluated in a dog with a naturally

occurring cranial cruciate ligament rupture.

Animals

The blood collection of the donor horse and

treatment administration (approval number: EC_2016_003,

EC_2021_002) was approved by an ethics committee with

independent members evaluating the application as approved

by the Flemish government (permit number: LA1700607).

Additionally, a deontological approval was obtained for the

treatment administration in the dog (DWZ-KF-21-1.15-54).

All animal handlings were conducted according to European,

national and regional animal welfare regulations (Directive

2001/82/EC as amended, Belgian animal welfare legislation (KB

29/05/2013), Directive 2010/63/EU and EMEA/CVMP/816/00-

Final). A written owner informed consent was obtained prior to

study start.

The patient included in the experiment was a 9-year-old

neutered female of mixed breed (Border collie x Labrador) with

a complete rupture of the cranial cruciate ligament that was

diagnosed and confirmed by radiographic assessment (Figure 1)

within 3 weeks before the start of the experiment.

A general physical examination was performed on the

study day and on the next day to assess the following
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FIGURE 1

Lateral view of the left stifle joint under tibial compression test. A

compression of the infra-patellar fat pad, indicating synovitis, is

observed and a cranial displacement of the tibia relative to the

femur is seen.

parameters: rectal temperature, respiratory rate, heart rate,

mucosal membranes, capillary refill time, body conditions score,

mentation and hydration.

Collection and cultivation of ePB-MSCs

The ePB-MSCs were GMP-manufactured in a GMP-certified

site (number: BE/GMP/2018/123) as earlier described by our

group (17). Briefly, theMSCs were isolated after blood was taken

from the jugular vein of a donor horse (approval number EC:

EC_2012_001 and 2016_003). An analysis of the serum for a

variety of infectious diseases was performed by Böse laboratory

(Harsum, Germany). As previously described by our group (10),

the blood was centrifuged and the buffy coat was collected.

The ePB-MSCs were washed, cultivated until passage five and

characterized for viability, morphology, presence of cell surface

markers and population doubling time. The ePB-MSCs were

then frozen as an intermediate cell stock. Once characterisation

was accomplished, the intermediate cell stock was thawed and

cultivated until passage 10 before being trypsinized, resuspended

in DMEM, filtered twice through a 40µm filter and vialed at 0.3

x 106 cells/mL in a mixture of DMEM supplemented with 10%

dimethylsulfoxide (DMSO). The vials were stored at−80◦C until

further use.

99mTc-labelling of the ePB-MSCs

The technique of 99mTc labelling the ePB-MSCs was

described in a previous study performed by our group (16).

In a first step, stannous chloride powder (Sigma Aldrich,

US) was liquefied in sterile basic water (pH 8.5). Then, 0.9–

1 x 106 ePB-MSCs were thawed, transferred into culture

medium (DMEM supplemented with fetal bovine serum) and

centrifuged. The obtained cell pellet was resuspended in 4mL

saline and mixed with 5mg SnCl2 and 45 ± 5 mCi (1665

± 185 MBq) of freshly eluted 99mTc04- (99mPertechnetate)

from a molybdenum generator (GE health care, Eindhoven,

The Netherlands). The preparation was subsequently incubated

for 30min at room temperature before centrifugation. The

cell pellet was washed and centrifuged again. The final

cell pellet was resuspended in 1mL DMEM, a cell count

was performed and the post-labelling viability of the ePB-

MSCs was determined using trypan blue staining. At each

centrifugation step, the radioactivity of the supernatant was

measured in a dose calibrator and used to determine the

labelling efficiency.

Treatment

The patient received the treatment on the day of the

experiment. First, the dog was sedated with dexmedetomidine

(12–25 µg/kg IM). Next, the anesthesia was induced

using propofol (dosage on effect) and maintained with

isoflurane 1.2–1.4% (on effect) in 100% oxygen after

endotracheal intubation. The dog was positioned in sternal

recumbency on a table over the gamma camera before

being administered an intravenous injection with 99mTc-

labelled ePB-MSCs through a 22-gauge catheter in one of the

cephalic veins.

Imaging protocol

The scintigraphic examination was performed using a

two-headed gamma camera, equipped with low energy high

resolution collimators (GCA 7200A; Toshiba). The whole-body

scan was obtained with the detectors of the SPECT scanner

moving simultaneous dorsally and ventrally from head to tail

of the dog over 20min. During all the acquisitions the dog

was kept under general anesthesia. During the first hour, three

successive acquisitions were performed for data collection.

The first acquisition was started together with the intravenous

injection of the radiolabelled ePB-MSCs and the dog was kept in

an unchanged position for all scans. Another total body scan,

6 h after the intravenous injection of the radiolabelled ePB-

MSCs, was performed under general anesthesia using propofol

(dosage on effect) (Figure 2). For each scan, a syringe with

a known amount of radioactivity was put next to the dog

to calculate the percentage of injected activity (% ID). Care

was taken for the dog’s re-positioning on the table, to avoid

too much spatial deviation on the scans following the first

hour scans.
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FIGURE 2

Representative timeline of the experiment. PE, Physical examination; MSC, mesenchymal stem cell; TPLO, tibial plateau levelling osteotomy.

Image interpretation

The distribution of the labelled ePB-MSCs was first assessed

descriptively through the whole body. Consequently, the

radioactivity in the regions of interest was quantified in different

manually drawn regions of interest (ROI) on the dorsal and

ventral view of the whole-body scans (matrix size 512 x

1,024) using the free-hand region of interest tool of a DICOM

viewing software platform (Hermes MultiModalityTM, Nuclear

Diagnostics, Sweden). A geometric mean of dorsal and ventral

activity for each time point and each ROI was calculated to

compensate for attenuation. To keep shape and sizes (number

of pixels) of the different organ ROI’s uniform, a ROI template

was created per dog and used for the different time points. A

specific organ ROI was drawn on the image on which the organ

was best delineated and thereafter used for the other images.

Relative uptake of MSCs in the lesion joint was compared with

the control joint.

Clinical follow-up

Seven days after the experiment, a tibial plateau levelling

osteotomy (TPLO) was performed by an independent surgeon

to stabilize the injured joint of the dog. In order to document the

clinical outcome, the investigator regularly contacted the owner

of the dog until 3 years after the study completion (Figure 2).

Results

Labelling e�ciency, post-labelling
viability, and injected dose

The labelling efficiency was 70.98% and 1,035,000 ePB-

MSCs with a dose of 18.31 mCi 99mTc were injected with a

post-labelling cell viability of 90.82% (Table 1).

TABLE 1 Percentage of decay corrected injected dose observed in the

di�erent organs 10, 60min, and 6h following intravenous injection of

the radiolabelled ePB-MSCs.

10 min (% ID) 60 min (% ID) 6 h (% ID)

Heart 0.58 0.44 0.39

Lung 1.81 1.57 1.29

Liver 10.62 10.36 9.86

Spleen 0.71 0.66 0.66

Bladder 0.38 0.48 0.51

Safety

The parameters rectal temperature, respiratory rate, heart

rate, mucosal membranes, capillary refill time, body conditions

score, mentation and hydration were in the physiological range

at all-time points of observation. No abnormal general clinical

signs were observed and no (serious) adverse events or suspected

adverse drug reactions were observed during the study.

Biodistribution

Following intravenous injections of the of the labelled

ePB-MSCs into the cephalic vein of the dog, presence was

predominantly observed in the heart, lung, liver, spleen and

bladder. The highest uptake was seen in the liver that decreased

over time. An initial uptake was present in the heart, lung

and spleen and this uptake progressively decreased over time.

Finally, a progressively increasing uptake was observed in the

bladder until 6 h post injection (Table 1).

Approximately 40.61% higher radioactive uptake was

present in the injured knee (background corrected counts

per pixels: 15,076) in comparison to the healthy contralateral

knee (background corrected counts per pixels: 8,953) 6 h

post-injection (Figure 3). Furthermore, radioactive uptake was
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FIGURE 3

Total body scan 60 minutes (A) and lateral scan of the hind limb

6 hours (B) following intravenous injection of the radiolabelled

ePB-MSCs. The white circle (1) and yellow square (2) shows the

higher activity in the stifle joint with ruptured CCL, the blue

square (3) represents background correction and the arrow

shows a local hotspot in the tail of the dog.

observed in the tail of the dog indicating a local hotspot which

coincided with the reporting of the owner that a door had

accidentally been closed on the tail of the dog.

Clinical outcome

The TPLO surgery was a success and after a graduate

exercise program of 8 weeks, the dog was able to return to it’s

previous amount of exercise. During the 3 years following the

experiment and the surgery, the dog remained clinically sound

while continuing to have regular exercising and no lameness was

reported by the owner in any of the limbs. Moreover, no cranial

cruciate ligament rupture occurred in the contralateral limb.

Discussion

To the authors’ knowledge, this is the first study to

investigate the distribution pattern of systemically administered

xenogeneic ePB-MSCs in a naturally occurring cruciate ligament

lesion in a dog.

In line with the observation in recent studies of our group

(16), no clinical abnormalities or ectopic tissue formations

were detected throughout the study. Additionally, after study

completion, the investigator remained in contact with the

dog owner and no clinical abnormalities were reported since.

Consequently, the administration of equine xenogeneic MSCs

results in a positive safety profile.

Following the injection, an important radiopharmaceutical

uptake was mainly present in the liver of the dog. A lower

radioactive uptake was also seen in the heart, lung, spleen,

kidneys and bladder. The radioactive accumulation in these

organs was comparable to what was observed in the studies

reported in previous biodistribution studies performed by our

group (16). In contrast to other groups studying the distribution

of labelled mesenchymal stem cells in dogs and rabbits, no initial

pulmonary trapping was seen in the current case (15, 18, 19). The

absence of pulmonary entrapment was also seen in a previous

study performed by our group and might be explained by the

use of a different source of= MSCs and a lower number of

injected MSCs (16). Similar to these studies the radioactive

accumulation in the bladder slightly increased post-injection

and is probably caused by a dissociation of the 99mTc label from

the stem cells after cell death, because intact MSCs cannot pass

the glomerular filtration.

The current study is the first to describe distribution pattern

of IV administration of xenogeneic ePB-MSCs in a dog with

a naturally occurring joint lesion and showed a 40.61% higher

uptake in the affected joint in comparison with the healthy

contralateral joint. Furthermore, a local hotspot was seen in

a part of the tail which had previously been injured. These

observations are in line with the results from another study

performed by our group (article under review) where homing

to the joints in an induced OA model was observed and gives

more insights on the pharmacokinetics of the ePB-MSCs. In this

regard, it has been reported thatMSCs possess homing capacities

indicating they can be recruited, locally and systemically, to

sites with tissue damage. After intravenous injection, MSCs

preferentially reach damaged tissue through systemic circulation

(20, 21). MSCs exit systemic circulation at the target site

by traditional methods of diapedesis followed by interstitial

migration (21).

During the regular follow-up calls with the owner up

to 3 years following the experiment, it was reported that

the dog was clinically sound and that no cranial cruciate

ligament lesion occurred in the contralateral limb. In this

regard, Muir et al. (22) reported that contralateral cranial

cruciate ligament ruptures occur in 54% of the dogs with

a Median survival time to subsequent contralateral lesion of

947 days.

The current case report has several limitations. Indeed, the

cells were only tracked until 6 h following injection to reduce the

number of anesthesia’s performed on the dog. Additional studies

in a higher number of animals and with a longer tracking period

are needed to confirm the observations seen in this experiment.

Furthermore, given the short duration of the study, no long-term

safety evaluation was performed.

The results obtained in this experiment can help to further

elucidate the mode of action of the stem cells by which

homing might be a part. Indeed, it was shown that the

MSCs home to the injured joints. However, further research

is warranted to investigate the precise mode of action of the

xenogeneic MSCs.
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