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Abstract
Background: It has been reported that mesenchymal stem cells (MSCs) have homing capacities after an 

intravenous injection and immunomodulating effects in vitro. However, there are no reports on their effect on the 
animal’s hematological status. 

Methods: Therefore, MSCs were isolated and characterized from a 4-years-old donor horse after having tested 
his blood on a wide range of transmittable diseases. Then, 6 horses (13- to 15-years-old) received a single  injection 
into the jugular vein: 3 with MSCs and 3 with the carrier fluid consisting of DMEM and 10% of DMSO. Multiple blood 
samples were taken at different time points at the same time of the day: before the intravenous MSC (Veno-Cell®) 
injection (T0) and 1 day (T1), 1 week (T2), 3 weeks (T3) and 2 months (T4) after the treatment. 

Results: In the control group no considerable changes were noticed over time, whereas, in all the treated horses, 
the baseline adjusted cortisol levels (P=0.0490) and number of neutrophils (P=0.0042) were significantly higher 
and glucose levels significantly lower (P=0.033). At time point T1, baseline adjusted blood thrombocyte levels were 
significantly higher in the treated group as compared to the control group (P<0.0001). On the other hand, baseline 
adjusted basophils, eosinophils, lymphocytes and monocytes remained approximately the same in all the horses 
regardless the treatment. Additionally, the levels of total protein, albumin, alkaline phosphatase and all the tested 
minerals were not influenced by the injections.

Conclusion: In all patients consistent alterations in hematological parameters were noticed after intravenous 
allogenic MSC treatment. However, further research is warranted in order to verify what the exact influence of these 
changes might be on the animal’s metabolism, general condition and performance ability.
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Introduction
The intravenous application of human mesenchymal stem cells 

(MSCs) has been previously reported to restore the hearing in guinea 
pigs [1] and to prevent transplant rejection [2]. Moreover, intravenous 
injection of a mixture of autologous MSCs and hematopoietic stem 
cells has been reported to improve multiple sclerosis (MS) symptoms 
in humans [3], improve ophthalmological diseases in horses [4] and 
they could be used safely in equine dermatological [5] and tendon 
pathologies [6]. Besides the homing capacities of MSCs, different in 
vitro immunomodulatory effects have been described, such as the 
regulation of lymphopoiesis and suppression of the immune system 
[7]. 

Nevertheless, autologous MSC treatment is not always feasible 
under field practice, sample sterility depends on the practitioner and 
donor influences are difficult to control. Moreover, sometimes the 
sample isolation takes so long that it postpones injection and even 
compromises the treatment. Another concern is the quality of the 
MSCs, because most of the individuals that require such autologous 
treatment are in fact elderly patients and it has been reported that 
they yield less potent stem cells [8]. Indeed, stem cells of elderly 
human donors do not only have a significantly lower proliferative 
and migratory potential, but also a lower differentiation capacity [8]. 
It would be advisable to characterize each MSC isolate before each 
clinical application, however, this is highly cost-generating and time-

consuming and not always feasible. For all the above stated reasons, 
this study focuses on the use of allogenic MSCs of a young donor with 
young MSCs. Indeed, the safe use of allogenic multipotent MSCs has 
been described in different independent human and equine studies [9-
14]. In this regard, therapy-resistant graft-versus-host diseases have 
been successfully treated in human patients [13,15]. 

Still, to our knowledge, there are no reports on the effect of allogenic 
MSCs on the hematological status of an animal. Such findings would 
be of importance for a better comprehension of how MSCs in vivo 
regulate the immune system after intravenous application. Therefore, 
the goal of the present study was to study the influence of a single 
intravenous injection of young allogenic peripheral blood (PB)-derived 
MSCs (Veno-Cell®) on different hematological parameters of elderly 
acceptors. 
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Materials and Methods
Isolation of mesenchymal stem cells (MSCs)

In total 50 ml of blood was collected in sterile EDTA tubes from 
the vena jugularis of the 4-years-old donor gelding for mesenchymal 
stem cell (MSC) isolation. At the same time serum was collected and 
sent to Böse laboratory (Harsum, Germany) for testing on different 
transmittable diseases as previously reported by our group [10]. Then, 
the blood was centrifuged at 1000G for 20 minutes and the buffy coat 
was collected and diluted 1:2 in phosphate buffered saline (PBS) 1x. 
Afterwards, this suspension was gently layered on an equal amount of 
Percoll® density gradient (GE Healthcare). The further isolation was 
performed as previously described [10]. After that, 20 × 106 peripheral 
blood mononuclear cells (PBMCs) were seeded per T75 flask in 3 flasks 
and cultured in culture medium, as previously described [16]. The 
medium was refreshed twice a week and the cells were maintained at 
37°C and 5% CO2. At 60% confluency the cells were trypsinized with 
0.25% trypsin-EDTA and subcultured until passage 3 in expansion 
medium, consisting of low glucose DMEM (Gibco), 20% fetal bovine 
serum (Gibco) and 1% antibiotics – antimycotics (Sigma). The isolated 
cells were characterized as previously described [16]. At passage 3, the 
cells were trypsinized and resuspended in DMEM low glucose with 
10% of dimethyl sulfoxide (DMSO, Sigma). At this point the Veno-
Cell® was frozen overnight in isopropanol at -80°C. For the control 
group, 3 samples of DMEM with 10% DMSO were frozen in the same 
way. The samples were then stored in -80°C and shipped on dry-ice 
before clinical application.

Thawing and injecting mesenchymal stem cells (MSCs)

Under field circumstances the thawing process is not always an easy 
job. Therefore, we decided to thaw the Veno-Cell® in the palm of our 
hand as a variation to a temperature-controlled warm water bath. At 
different time points, trypan blue stainings were performed in order to 
comparatively evaluate the viability of the cells in different conditions.

After thawing, the samples were diluted 1:50 in physiological saline 
solution (NaCl 0.9%) and slowly intravenously administered using a 
21 Gauge (G) needle measuring 40mm. Afterwards, the horses were 
closely monitored for 1 week by clinically examining them on daily 
basis (breathing, temperature, pulse, lymph nodes, mucosae). Particular 
attention was directed onto observing any possible adverse effect or 
hypersensitivity reaction, which would be noticeable in the form of 
wheal formation (physical reaction), sweating, strongly respiring or 
fever. The local ethical committee approved of the experimental design 
(EC_2012_001).

Acceptor horses

For the evaluation of different hematological parameters after 
placebo or Veno-Cell® injection, 6 acceptor horses were selected based 
on their age (>12-years-old), history of poor performance and general 
condition over longer than 6 months and gender (gelding).

Since it is known that different hematological parameters are 
affected by external influences, such as transport, training, stress, 
feeding, sampling time, etc., 3 control horses were injected with the 
carrier fluid consisting of DMEM and 10% DMSO alone and different 
factors were strictly controlled in the present study. First of all, the 
horses were housed in their familiar stable and no transport was 
allowed during the entire study. Secondly, a tight feeding schedule was 
implemented which consisted of 1kg of commercially available grain 
mixture and approximately 5kg of hay at 7 a.m. and 5 p.m.. Finally, 

in order to avoid stress, the horses were kept in their stable during the 
blood sampling (at 10:30 a.m.) and the rest of the day, besides for the 
mild training program at 2 p.m. Sampling at the exact same time was 
important in order to exclude hematological parameter artifacts which 
were subject to the circadian rhythm and to avoid false interpretations 
that could arise hereby.

Hematology
In order to obtain the initial values of the different hematological 

parameters of the 6 horses, blood samples were collected in EDTA, 
citrate, glucose and serum tubes 1 week before and immediately before 
the injection (the average = T0, the basal values). The effects of the 
intravenous MSC injection was evaluated by sampling the horses after 
1 day (T1), 1 week (T2), 3 weeks (T3) and 2 months (T4). 

The following parameters were evaluated: (I) white blood cells: 
basophils, eosinophils, neutrophils, thrombocytes, lymphocytes and 
monocytes; (II) hormones: insulin and cortisol; (III) blood proteins: 
total protein and albumin; (IV) minerals: Iron, Sodium, Potassium, 
Chloride, Bicarbonate, Calcium and Magnesium; (V) metabolites: 
glucose; and (VI) enzymes: alkaline phosphatase. In addition, at 2 time 
points the antibody production was measured by following the levels of 
IgG, IgA and IgM (VII).

Statistical analyses
For the response variables that were assessed on both the treated 

and control group, the statistical analysis is based on the mixed model 
with horse as random effect and treatment (MSC or placebo), time 
(T1, T2, T3 and T4) and their interaction as categorical fixed effects. 
The response variable corresponds to the difference of the outcome 
with that at baseline since the basal physiological values of each horse 
(before injection=T0) should be taken into account. In the absence of 
significant interaction, only the overall difference between treatment 
and control is reported and an F-test is used to compare treatment 
and control. In the presence of significant interaction, the treated and 
placebo group is compared at each of the 4 time points separately 
based on an F-test, using Bonferroni’s adjustment method for multiple 
comparisons. 

For IGF-I which was only assessed in the treated horses, the analysis 
is based on the mixed model with horse as random effect and time (T1, 
T2, T3 and T4) as categorical fixed effect. If time has a significant effect, 
an F-test is used to test whether there is a significant effect with baseline 
at each time point separately using Bonferroni’s adjustment method 
for multiple comparisons. In the absence of a time effect, an F-test is 
used to test whether on average IGF-I levels differ from baseline. IgG, 
IgM and IgA levels are analysed by a paired t-test to compare T0 and T1. 

All tests were performed at a global significance level of 5% using 
SAS version 9.3.

Results
Isolation of mesenchymal stem cells (MSCs)

After 17 days the first spindle shaped cells were noticed in the 
culture flasks and at 21 days after isolation the cells were trypsinized 
at approximately 60% confluency (Figure 1). The characterization 
experiments were performed as previously described [16] and revealed 
that the isolated cells fulfilled all the requirements to be typed as MSCs 
according to the proposed guidelines by Dominici et al. [17]. 

Thawing and injecting mesenchymal stem cells (MSCs)

It has been reported that frozen equine peripheral blood (PB)-
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derived mesenchymal stem cells (MSCs) possess the same stem cell 
characteristics as freshly isolated cells [18]. Moreover, fresh equine 
PB-derived MSCs dramatically decline in cell number after 12 hours 
of transport and have a higher risk to become senescent after 24 hours 
of transport [19]. In these regards, the use of frozen samples is justified 
and adds to the product shelf life. Thawing in the field is usually 
performed by keeping the sample in the palm of one’s hand. In order to 
compare the effects of thawing cells in field and laboratory conditions, 
the cell viability was assessed after thawing in the palm of the hand and 
in a temperature-controlled warm water bath. Our data show that the 
manner of thawing did not determine the percentage of cell viability, 
since there were no considerable changes after thawing the cells in 
a hand (92±2.1%) or in a warm water bath (91 ± 2.7%) (Figure 2). 
However, we should not fail to mention that the cell viability decreased 
within 30 minutes after palm-thawing (84±5%) as well as warm water 
bath-thawing (85 ± 3.6%) (Figure 2). After 1 hour the average viability 
was 80% for both thawing methods (Figure 2). The decrease in cell 
viability occurs due to the cytotoxic effect of DMSO and can be avoided 
in the laboratory by instantly washing the cells with medium. In the 
field, the DMSO effect can be circumvented by injecting the suspension 
immediately after thawing. Therefore in the present study the injection 
was performed within 10 minutes after thawing.

After the Veno-Cell® treatment, the horses were closely monitored 
and adverse effects could be noticed neither by the attending 
veterinarian nor by the caretakers.

Hematological results

In the control group, no considerable changes could be noticed 
before and after the DMEM and 10% DMSO injection. On the other 
hand, the results of the different hematological parameters in the 
treated group showed the same evolution in all 3 horses. In comparison 
to the control group, only baseline adjusted blood thrombocyte levels 
varied differently over time in the treated and the control group, i.e. 
a significant interaction between time and treatment (P<0.001). At 
1 day after the treatment (T1), baseline adjusted blood thrombocyte 
levels were significantly higher in the treated group as compared to 
the control group (P<0.0001) (Figure 3). Overall, the baseline adjusted 
cortisol levels (P=0.0490) and number of neutrophils (P=0.0042) were 
significantly higher in the treated group as compared to the control 
group (Table 1). The baseline adjusted blood glucose levels, on the 

other hand, were significantly lower in the treated group (P=0.033). 
Baseline adjusted basophils, eosinophils, lymphocytes and monocytes 
remained approximately the same in all the horses regardless the 
treatment (Table 1). Additionally, the levels of alkaline phosphatase, 
total protein, albumin, and all the tested minerals were not influenced 
by the MSC injections (Table 2).

Baseline adjusted insulin-like growth factor type-I (IGF-I) levels 
differed over time (P=0.0199).  No significant differences of the IGF-I 
levels were found when comparing with baseline when properly 
adjusting for multiple comparisons (Figure 4). In addition, the antibody 
levels were measured before and after the treatment as an indicator of 
the humoral immune response. No significant changes of the IgA, the 
IgM or the IgG could be detected after intravenous mesenchymal stem 

a

c d

b

Figure 1: Representative images of peripheral blood (PB)-derived 
mesenchymal stem cells (MSCs): light microscopy at 20x (a) and 40x (b) 
magnification and after staining with haematoxylin at 20x (c) and 40x (d) 
magnification. Scale bars represent 50µm.
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Figure 2: Palm-thawed peripheral blood (PB)-derived mesenchymal stem 
cells (MSCs) resulted in similar cell viability as in the samples thawed in a 
temperature-controlled warm water bath. However, after 1 hour a cytotoxicity of 
approximately 20% was noticed under both circumstances.
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Figure 3: In contrast to the rather constant thrombocyte levels in the control 
group (left figure), a two-fold increase could be noticed at 1 day after the 
intravenous allogenic mesenchymal stem cell (MSC) injection (T1) (right 
figure). The narrow lines represent the different individuals, whereas the thick 
lines represent the average values.
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cell (MSC) injection, indicating a low short-term immunogenicity of 
allogenic MSCs. 

Discussion
In the present study, we have evaluated the effects of allogenic 

peripheral blood (PB)-derived mesenchymal stem cells (MSCs) (Veno-
Cell®) on the hematological status of horses. In all the patients the 
same changes were noticed in their blood at different time points after 
intravenous injection. One might postulate that the significant increase 
in thrombocytes or cortisol in all 3 treated horses was due to a reactive 
thrombocytosis or temporary hypercortisolism which might occur in 
stress circumstances. However, the horses were sampled several times 
before the single injection of Veno-Cell® without an increase in their 
hematological parameters and also the control horses did not reveal 
any changes in their blood values after the control injection of DMEM 
and 10% DMSO. Nevertheless, in order to state that the changes noticed 
in the present study were attributable to the communicative effects of 
MSCs or to their epitope expression needs further investigation. In any 
case, the observed thrombocytosis implicates bone marrow activation 
within the acceptor horses after the allogenic MSC injection. Indeed, 
undifferentiated marrow blasts have been previously associated with an 
augmentation of the thrombocyte levels as well [20]. 

Different in vitro studies report that MSCs inhibit the innate 
immune activation by blocking dendritic cell maturation and 
suppressing monocyte and T-cell activity with a significant tumor 
necrosis factor-alfa (TNF-α) and interleukin (IL)-6 reduction [21-
25]. Furthermore, MSCs would also increase the in vitro production 
of agents such as IL-1 receptor antagonist [25] and IL-10 [26], which 
directly block inflammatory signaling. Indeed, in the present study, 
besides the increase in neutrophil levels, no changes in cellular or 
humoral immunity parameters could be noticed. However, the MSC-
related inhibition of TNF-α would lead to an increase of insulin-like 

growth factor type-I (IGF-I) [27], whereas our data show a substantial 
decrease in IGF-I. Indeed, the basal level of IGF-I was determined 
before injection and it was clear that the MSC injection caused a one 
week decline in IGF-I in the treated group. This is a remarkable finding, 
since IGF-I has a positive effect on somatic growth and stimulates 
regeneration of different organs and tissues, such as liver and skeletal 
muscles [28-30] and a decrease of IGF-I is usually seen in patients 
with chronic inflammation (TNF-α and IL-1 increase) [31,32]. We 
have postulated 3 possible explanations for this discrepancy. First, a 
possibility exists that MSCs are not able to inhibit TNF-α production in 
vivo. Secondly, the documented increase in thrombocytes (accompanied 
with platelet-derived growth factor (PDGF) production) are capable of 
inhibiting the IGF-I production, as previously reported in rat bone cell 
cultures [33]. Finally, it is probable that the increased cortisol levels 
had an inhibitory effect on IGF-I, as previously described in humans 
[34]. Apparently, both the second and the third hypothesis answer the 
question of the reduced IGF-I, since the increase in thrombocytes and 
cortisol levels were noticed at exactly the same time point as the time 
of decrease in IGF-I production. Nevertheless, this is a perfect example 
on how the complexity of in vivo studies increases along with the 
number of players considered. These unexpected results might lead to 
the optimization of the therapy. Indeed, MSCs could be stimulated in 
vitro before an in vivo application. In this regard, it has been described 
that pretreating MSCs with TNF-α could cause an increase in IGF-I 
production [35]. Nevertheless, future research will have to determine 
whether or not this remains the case after intravenous application.

Additionally, insulin and glucose levels decreased after the 
allogenic MSC injection. This was no surprise, since the inhibitory 
effect of cortisol (significant increase) on insulin has been previously 
reported [36]. Moreover, the rise in cortisol levels remained noticeable 
for 2 more months. This might explain how non-HLA (human 

PARAMETER Control (se) Treated (se) P-value
Cortisol (µg/dl) 0.34 (0.36) 1.75 (0.36) 0.049
Insulin (mU/l) -0.2 (4.90) -3.65 (4.90) 0.645

Glucose (mg/dl) 3.5 (1.33) -2.5 (1.33) 0.033
Basophils (cells/µl) -5.92 (12.73) -4.92 (12.73) 0.9584

Eosinophils (cells/µl) -3.75 (25.08) -49 (25.08) 0.2711
Neutrophils (cells/µl) -226.92 (142.65) 446.5 (142.65) 0.0042

Lymphocytes (cells/µl) -162.33 (132.09) -51.00 (132.09) 0.5833
Monocytes (cells/µl) -3.58 (30.14) 45.25 (30.14) 0.3159

Table 1: Different baseline adjusted hematological parameter estimates in the 
control and treated group. As there was no interaction between time and treatment 
for the hematological parameters reported in this table, the reported values 
correspond to the difference between the average over the different timepoints (T1, 
T2, T3, T4) and the baseline (T0), with corresponding P-value for the null hypothesis 
that this difference is the same in the treated and control group.

PARAMETER Before Treatment After Treatment Reference 
Values

Alkaline Phosphatase 
(U/l) 459 433 <500

Albumin (g/dl) 3.4 3.4 2.5-4.4
Total Protein (g/dl) 6.7 6.8 5.8-7.7

Iron (µg/dl) 156 155 75-240
Sodium (meq/l) 138 138 134-150

Potassium (meq/l) 3.5 3.6 2.8-5.8
Chloride (meq/l) 99 101 94-105
Calcium (meq/l) 11.9 12.0 9.6-13.3

Magnesium (meq/l) 2.1 2.1 1.5-2.4

Table 2: Average haematological values of the treated group before and after 
Veno-Cell® administration.
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1 day until 1 week after the intravenous allogenic mesenchymal stem cell 
(MSC) injection (T1-2). The narrow lines represent the different individuals, 
whereas the thick lines represent the average values.
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leukocyte antigen) matched MSC infusions might reduce graft failure 
of hematopoietic stem cells [37] and organ transplantation [13,15]. 
Moreover, communication with the owners revealed that the horses 
were in good shape and no adverse effects were noticed after the MSC 
injection. Since it has been reported that changes in blood cortisol 
levels have an influence on the individual’s performance level [38], the 
cortisol increase after intravenous MSC therapy might have a similar 
effect. However, further research is definitely warranted in order to 
verify whether or not MSCs might be used as a performance enhancing 
tool. 

In conclusion, the present study is the first one in describing 
the influence of allogenic PB-derived MSCs (Veno-Cell®) on the 
hematological status of horses.
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