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ABSTRACT 

 

SAFETY AND TRACKING OF INTRAVENOUSLY ADMINISTERED EQUINE 
CORD-BLOOD MESENCHYMAL STROMAL CELLS IN HORSES 

 

Dr Dustin Dennis 

University of Guelph, 2022

Advisors: 

Dr Joanne Hewson 

Dr Thomas Koch

 

Mesenchymal stromal cells (MSCs) present a potential therapy for disorders of immune 

dysregulation, but must be better understood in terms of optimal cell preparation, labeling and 

tracking within the body, as well as general safety following single and repeated administration. 

This thesis investigated the use of ultra-small superparamagnetic iron oxide (USPIO) 

nanoparticles tagged with rhodamine B for labeling mesenchymal stromal cells for study in the 

horse. 

 Ten allogeneic equine cord blood-derived mesenchymal stromal cell lines were used to 

investigate MSC doubling times, labeling efficiency, and post-thaw cryopreservation viability of 

labeled cells following USPIO labeling. Results indicated that MSCs can be effectively labeled 

with USPIO, and that stained cells have excellent post-thaw viability but show longer doubling 

times under standard culture conditions. 

To explore clinical safety and to track MSCs within the body following intravenous 

administration, mesenchymal stromal cells from five allogeneic cord-blood donor sources were 

labeled with USPIO and approximately 100 million MSCs per dose were injected intravenously 

through the right jugular vein of six healthy, adult mares on two occasions 35 days apart. Serial 

hematology and serum biochemistry profile data, as well as lymphocyte immunophenotyping 
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and crossmatching for antibody production, were performed. Bronchoalveolar lavages and lung 

biopsies were done to track mesenchymal stromal cells within the alveoli and lung parenchyma 

following intravenous injection. 

This dosing regime did not elicit any severe hypersensitivity reactions or induce clinically 

relevant changes in the hematology parameters studied. Mild alterations in AST, GLDH and 

serum amyloid A (SAA) were seen. The CD4+:CD8+ lymphocyte ratio showed a decreasing 

trend over time, and minimal anti-MSC serum antibodies were detected. 
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1 Chapter 1: The Case for Utilizing Multipotent Mesenchymal Stromal Cells for the 

Treatment of Equine Inflammatory Lung Diseases 

 

1.1 Introduction 

This literature review summarizes the existing knowledge, as well as identifies critical gaps, in 

exploring the potential for utilizing multipotent mesenchymal stromal cells (MSCs) for treating 

lung pathology, in particular inflammatory lung diseases, with the goal of application in horses. 

Clinical implications, practical obstacles, general safety, and potential adverse effects regarding 

the use of MSCs in the horse are highlighted. This review is written for publication as part of a 

Doctor of Veterinary Science (DVSc) thesis and follows the guidelines set forth by the Department 

of Clinical Studies at the Ontario Veterinary College within the University of Guelph.  

 

1.2 Multipotent Mesenchymal Stromal Cells (MSCs): A Definition  

Within the prior literature, inconsistent terminology exists when making reference to “MSCs” and, 

therefore, this term is further defined here. Although “stem cell,” “mesenchymal stem cell,” 

“mesenchymal stromal cell,” and “multipotent mesenchymal stromal cell,” among other variants, 

are often used interchangeably, the International Society for Cell & Gene Therapy (formally the 

International Society for Cellular Therapy) recommends the use of “multipotent mesenchymal 

stromal cell” (Horwitz 2005, Dominici 2006, Viswanathan 2019). They further define human 

multipotent mesenchymal stromal cells to specifically include the following characteristics: 1) 

When maintained under standard culture conditions and using plastic, tissue-culture flasks, MSCs 

are plastic-adherent. Although certain subsets of MSCs may be cultured under unique and specific 

conditions without demonstrating adherence, these cells would be expected to still demonstrate the 

trademark plastic adherence when maintained under standard conditions. 2) When evaluated by 
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flow cytometry, MSCs have a reliable cell surface antigen phenotype. For human MSCs, no less 

than 95% of the population of multipotent mesenchymal stromal cells investigated should express 

the surface molecules CD105, CD73 and CD90. In addition, no more than 2% should be positive 

for expression of CD45, CD34, CD14, CD11b, CD79a, CD19 or HLA class II surface antigens. 3) 

The investigated cells must demonstrate tri-lineage differentiation, i.e., must be able to 

differentiate into osteoblasts, adipocytes and chondroblasts under standard, in-vitro culture 

conditions. 

 These criteria hold true in defining MSCs across species, with the exception of the specific 

phenotype of surface antigens expressed and their relative percentages, for which the phenotype is 

actively being identified and remains incomplete. Whereas in humans, MSCs from various sources 

are known to express CD105, CD73, and CD90, their equine counterparts derived from adipose 

tissue, bone marrow, umbilical cord tissue, and cord blood are positive for CD29, CD44, CD90 

and CD105 (Carrade/Owens 2011, Carrade 2012, Barberini 2014, Tessier 2015, Arévalo-

Turrubiarte 2019) In investigating other surface antigens of equine MSCs, expression of CD40, 

CD80, hepatocyte growth factor (HGF), and transforming growth factor-beta (TGFβ) were also 

identified in equine MSCs from umbilical cord blood and matrix, and peripheral blood sources 

(De Schauwer 2014). Studies investigating the expression of MHC-I by equine MSCs were 

positive in multiple tissue sources while MHC-II has shown inconsistent results and, furthermore, 

could then be induced with interferon gamma (IFN-γ) in only a subset of tissues (Guest 2008, 

Carrade 2012, De Schauwer 2014, Tessier 2015, Kamm 2019). The surface markers CD4, CD8, 

CD11a/18, CD73, CD86, indoleamine 2,3-dioxygenase (IDO), and tumor necrosis factor-alpha (in 

unstimulated MSCs) were not detected in equine MSCs (Guest 2008, Carrade 2012, De Schauwer 
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2014, Tessier 2015). Similar to CD45 in humans, the pan-leukocyte marker for equine leukocytes, 

F6B, is a negative marker for MSCs (Owens 2016). 

 Inconsistent results between tissues sources are not the only obstacle. Even between breeds, 

expression of cell markers has shown significant differences. Recently, a study comparing 

Standardbred and Thoroughbred horses showed low but significant differences for MHC class II 

expression between the two breeds, and showed varying degrees of expression of CD11a/18, 

CD44, and CD90. Furthermore, this variation differed between passage number. Consistent with 

previous studies, CD11a/18 expression was low through all passages with the median not 

exceeding 5%, although this was significantly higher in Thoroughbreds versus Standardbreds. All 

cells at all passage numbers expressed CD44 with the mean > 80%, although this was significantly 

higher in Standardbreds. Conversely, expression of marker CD90 through all passage numbers 

was > 70%, and was significantly higher in the Thoroughbred population (Kamm 2019). It should 

be noted that many MSC surface antigen studies, especially those involving horses, use a minimum 

number of subjects or tissue samples per strata. Although the evidence remains convincing that 

measured variation exists between species, as well as between individuals, studies using large 

sample sizes would further demonstrate whether variation between breeds within a species has any 

practical or clinical consequence.  

 In consideration of the differential expression of markers between species and breeds, and 

variable relative percentages of marker expression seen, standardizing the definition of MSCs in 

horses has not been consistent across the literature. Perhaps most important to recognize is that 

many cells regarded as MSCs, especially those inappropriately regarded as “stem cells,” do not 

fulfill all requirements as set forth by the International Society for Cell & Gene Therapy. Many 
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papers utilizing stromal cells in a clinical setting fail to report important defining characteristics of 

their cell populations, making comparison of findings across studies challenging. 

 

1.3 MSC Origins and Potential for Differentiation 

Stem and stromal cells are categorized by the relative number of cell types they can differentiate 

into, and are termed “totipotent,” “pluripotent,” or “multipotent.” Totipotent cells are the most 

universal of cells and can form any cell type of the body was well as forming cells of the placenta; 

only the initial divisions of early embryonic development are totipotent. Pluripotent cells are cells 

that can differentiate into any cell of the body but cannot form the placenta, and multipotent cells 

can differentiate into more than one cell type but are limited in their overall range.  

Sources of MSCs are characterized by the tissue of origin; whereas stem cells are derived 

from embryonic tissue, multipotent mesenchymal stromal cells have been isolated from a variety 

of tissue sources. Specifically in horses, MSCs have been isolated from at least adipose tissue 

(Vidal 2007, de Mattos Carvalho 2009, da Silva Meirelles 2009), bone marrow (Fortier 1998, 

Vidal 2006, Arnhold 2007), umbilical cord tissue (Passeri 2009), umbilical cord blood (Koch 2007, 

Koch 2009, Schuh 2009), and endometrial tissue (Rink 2017). These stromal cells, by their relative 

ease of access and their lack of major ethical objections to use, are by far the most common form 

of MSC utilized. 

 Despite these classifications as outlined in the early MSC position paper, stem and stromal 

cells are frequently misrepresented in the literature as being either “embryonic stem cells” or “adult 

stem cells,” respectively. The term “embryonic stem cells” typically referred to both totipotent 

(true stem cells) and pluripotent cells, while “adult stem cells” are more correctly defined as 

multipotent stromal cells. To help facilitate translation across species and from the lab to the clinic, 
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the updated International Society for Cell & Gene Therapy position paper was expanded to now 

include recommendations to directly describe the tissue source for adult-derived multipotent 

mesenchymal stromal cells, or embryonic source for totipotent or pluripotent cells, as well as the 

method of isolation and growth, plus describe any specialized differentiation protocol that was 

performed (Viswanathan 2019). More consistent, correct application of these terms in the literature 

will be critical to help facilitate accurate comparisons across future studies involving MSCs. 

 

1.4 Donor Sources of MSCs 

Mesenchymal stromal cells are also characterized by the specific donor source, and are therefore 

named as either autogenic (donor and recipient are the same individual), allogeneic (donor and 

recipient are different individuals, but are the same species) or xenogeneic (donor and recipient 

are different species). Typically, the ideal situation in transplantation is autogenic, which helps 

avoid tissue mismatch and immune reactions to foreign tissue. Equine cord blood can be easily 

collected in a non-invasive technique using the placental tissues following birth (Koch 2007, Koch 

2009), and banking MSCs at this time is a potential source of future autogenic MSCs for use later 

in life. Additional autogenic sources include certain adult-derived MSCs, such as adipose and bone 

marrow, both of which can be relatively invasive to acquire. Few banked autogenic MSCs from 

umbilical cord blood exist to date, although this is gradually increasing within the equine industry. 

When banked autogenic cord blood-derived cells are not available, allogeneic transplantation of 

cord blood and cord tissue sources from other donors of the same species is done, with this 

becoming an important focus of foundational research and clinical investigation.  
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1.5 MSC Infusion and Location 

The route of MSC injection can have a major impact on the ultimate destination and lifespan of 

the MSCs used in therapy. Intravenous, intraarticular, intraperitoneal, intralesional, intradermal, 

and intrathecal administration are just some of the routes that have been investigated for safety and 

delivery (Gao 2001, Fischer 2009, Carrade/Affolter 2011, Sole 2012, Eggenhofer 2012, Barberini 

2018). 

 When using non-invasive or minimally-invasive administration techniques, such as 

intravenous delivery, anatomic and circulatory factors can impact the ability to effectively deliver 

MSCs to the desired site. Due to the vascular anatomy, intravenously injected MSCs travel through 

the venous system, to the heart, and immediately flow to the lungs as the initial capillary bed they 

encounter. Recent experiments involving mice examined localization and viability of 

intravenously-infused cells, and demonstrated that the majority of MSCs injected are subsequently 

found in the lungs within the first hour (Schrepfer 2007, Fischer 2009, Wang 2015). Thereafter, 

viable MSCs were still isolated and re-cultured from lung tissue for as long as 24 hours after 

infusion. This “trapping” in the pulmonary capillary bed is likely due to literal space restrictions, 

in that MSCs can be more than 20µm in diameter and therefore cannot easily pass through the 

micro-capillaries of the lungs. Studies investigating the administration of vasodilators 

simultaneously with MSCs have shown increased passage of MSCs through these expanded 

vessels, further supporting cell size as the reason for MSC trapping within the pulmonary 

circulation (Schrepfer 2007). Although many of these studies have been performed in mice, the 

general anatomy of pulmonary capillary beds, including final diameter of the pulmonary micro-

capillaries, are similar across species. Further studies would be needed to elucidate any relevant 

potential species differences, such as overall cardiac output or pulmonary pressures, but it is logical 
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to suggest that this theory of pulmonary trapping of MSCs would apply to other mammals with 

similar structural anatomy. It remains to be determined whether mere resistance to flow from the 

capillary diameter is enough to maintain MSCs in the lung tissue of larger animals under conditions 

of increased cardiac output and pulmonary pressure (i.e. during peak performance in race horses). 

Anatomic structure may be just part of the reason MSCs appear to localize to the lung, as studies 

show that activation of integrins within MSCs may also play a part in entrapment as well (Wang 

2015). 

 Earlier literature examining the fate of MSCs utilized PCR on treated tissue or tracking of 

labeled cells, and suggested that MSCs are also able to circulate to other organs. MSCs have been 

documented in other tissues beyond the pulmonary capillary bed, such as the liver and spleen 

(Devine 2003, Kraitchman 2005). Furthermore, while MSCs have been identified in arterial 

circulation following IV administration in mice, MSC numbers were very low and these cells were 

not able to be re-cultured, raising concern about cell viability. These studies tracking MSC 

distribution throughout the body through re-culture of isolated cells suggested that DNA or any 

associated MSC markers in other tissues were likely from dead MSCs or from MSCs that had 

undergone phagocytosis by macrophages. Where it was possible to effectively isolate and re-

culture living MSCs from tissue samples, these were limited to samples derived from lung tissue 

but not from the liver or any other organ in mice (Eggenhofer 2012). Based on the literature to 

date, it appears that few intravenously administered MSCs move past the lung capillary bed, and 

those that do have reduced or lost viability. Therefore, while intravenous jugular injection may be 

accomplished easily for systemic administration of MSCs to treat diffuse diseases, the “pulmonary 

first-pass effect” results in few MSCs circulating beyond the pulmonary capillary bed, and of the 

cells that do make it past the lung, the numbers are typically considered non-therapeutic with cell 
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viability lost (Fischer 2009, Eggenhofer 2012, Eggenhofer 2014). The mechanism of compromised 

viability has not been fully established, but this finding has certainly called into question the 

clinical application of intravenous MSC administration to treat conditions in sites beyond the lung. 

 Another approach to deliver MSCs to the desired site of treatment is to directly inject MSCs 

into the specific body region. As such, more direct vascular delivery of MSCs to other body sites 

has been investigated. Recent studies in horses have examined regional limb perfusion using both 

intravenous regional and intra-arterial approaches. Persistent MSC distribution in the distal limb 

was seen, with the intra-arterial technique showing better distribution distal to the pastern. In 

addition, MSCs appeared to stay within the infused area following tourniquet removal for IV 

regional administration, suggesting that MSCs either adhere to the vascular wall or enter the 

perivascular space relatively quickly (Sole 2012). It remains to be seen whether MSCs require a 

sustained decrease in vascular flow, such as when a tourniquet is in place, to remain at the site of 

treatment for prolonged periods or if they continue in the local area past a few hours.  

 

1.6 Immunomodulatory Effects of MSCs 

Research into MSCs as therapies has gained momentum mostly within the last two decades, 

accompanied by significant advancements in understanding their mechanisms of action. Early 

theory suggested that administered MSCs simply engraft and differentiate into specific cell types, 

thus becoming structural components of the tissue (“structural engraftment”). More recently, 

general consensus has shifted toward an immunomodulatory-based theory of MSC function, with 

their episomal, microsomal and paracrine functions influencing the behavior of surrounding 

structural and inflammatory cells as a main mechanism for their efficacy in immunomodulation 

(Tessier 2013, Weiss 2014, Prockop 2016). 
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 Multiple researchers have demonstrated the immunomodulatory effects of MSCs on 

surrounding cell types through both direct cell-to-cell contact or through the secretion of cytokines, 

chemokines, or growth factors. Chemokines play a key role in regulation of inflammation, cell 

differentiation and migration of immune cells, and angiogenesis. They are secreted in response to 

inflammation and act by recruiting and then activating neutrophils, monocytes, and lymphocytes 

to sites of injury or infection. MSCs constitutively produce a vast array of chemokines, with the 

specific combination resulting in response to the microenvironment and contacts with surrounding 

cells. Once recruited to the location, MSCs act on local inflammatory cells, suppressing further 

inflammation. 

MSCs are shown to secrete Interleukin 10, thereby suppressing the functions of 

macrophages and neutrophils, inhibiting the T-helper 1 cell (Th1) immune response, and 

influencing nuclear factor kappa-B cell (NF-kB) synthesis, thereby resulting in the expression of 

anti-inflammatory molecules (Carrade 2012). 

Interleukin 6 (IL-6) is a pleiotropic cytokine with a role in regulation of immune responses, 

hematopoiesis, inflammation, cell survival, apoptosis, cell proliferation and oncogenesis. All 

MSCs appear to universally and constitutively secrete Interleukin 6. While IL-6 has classically 

been described as a pro-inflammatory cytokine, more recent data has shown that anti-inflammatory 

effects of Interleukin 6 also exist, specifically in modulating levels of pro-inflammatory tissue 

necrosis factor alpha (TNFα), granulocyte-macrophage colony-stimulating factor (GM-CSF) and 

macrophage inflammatory protein 2 (MIP-2) (Yoo 2009). IL-6 may also play a role in suppression 

of the T-helper 17 cell (Th17) immune response. Furthermore, Interleukin 6 is known to induce 

the secretion of Interleukin 10, thereby aiding in the anti-inflammatory effects of that cytokine. 
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 Transforming growth factor beta (TGFβ) is established as another principal mediator of 

immune regulation and is constitutively produced by MSCs, underlining their potential for immune 

modulation (Kyurkchiev 2014). TGFβ has a diverse array of immunomodulatory activities 

including actions on T-cell proliferation and function, natural killer (NK) cells, B-cells, dendritic 

cells, and macrophages. TGFβ regulates proliferation, differentiation, migration, adhesion, and 

apoptosis of cells, and affects wound healing, angiogenesis, and immune responses within the 

body.  

 Mesenchymal stromal cells are also a significant source of vascular endothelial growth 

factors (VEGF), key mediators of angiogenesis that act by promoting endothelial cell survival, 

proliferation, migration, and differentiation. VEGF are largely implicated in critical roles of acute 

and chronic inflammation. Intercellular adhesion molecule-1 membrane glycoprotein plays 

important functions in leukocyte transmigration and cell-to-cell adhesion, and PGE2 acts in a 

paracrine and autocrine manner during inflammation (Kyurkchiev 2014, Weiss 2014). 

 TSG-6 (TNF-α stimulated gene protein 6) is a hyaluronan-binding protein that has been 

demonstrated to modulate the inflammatory response by both a lack of immune modulation in 

TSG-6 knock-down MSCs, and conversely demonstrating improved modulation with 

administration of recombinant TSG-6, specifically in myocardial infarction models (Lee 2009, 

Prockop 2016). TSG-6 acts early in inflammation by binding to macrophages at the CD44 receptor, 

dissociating co-receptors and decreasing NF-ḳB (nuclear factor kappa-light-chain-enhancer of 

activated B cells) signaling in macrophages and associated cells therefore limiting a cytokine 

storm. 

Mesenchymal stromal cells of all tissue types have shown immunomodulatory effects, but 

different sources of MSCs may be better suited to specific intended functions. For example, in 
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humans, bone marrow and cord blood-derived MSCs were most effective for immunomodulation, 

causing decreases in lymphocyte proliferation, as well as the production of tumor necrosis factor-

alpha, interferon-gamma, prostaglandin, IL-6, and nitric oxide. In contrast, in horses, cord-blood 

mesenchymal stromal cells appear to be the most potent source for these same effects, superior 

even to bone marrow (Carrade 2012, Tessier 2013, Quintanilha 2014). In addition to the variety 

of factors secreted by different MSCs, it should be noted that different species have been shown 

to express varying factors depending on the cell type, microenvironment, and even the culture 

conditions used during cell expansion. Although all MSC cell types studied have shown 

immunomodulatory effects, in the horse, equine cord blood-derived mesenchymal stromal cells 

(eCB-MSC) show the most profound immunomodulatory effects in-vitro (Tessier 2013). Tissue 

origin aside, MSCs have many similarities in terms of decreasing lymphocyte proliferation, 

increasing prostaglandin (PGE2) and interleukin-6 secretion, and decreased production of tumor 

necrosis factor-alpha and interferon-gamma. Conversely, certain mediators, such as nitric oxide, 

are produced by a subset of MSCs, which differ between tissue source and species. Furthermore, 

bone-marrow derived sources both deplete overtime, and enter senescence earlier, compared to 

adipose or cord-blood derived counterparts (Carrade 2012). These differences underscore the need 

to carefully report the specific MSC used for the particular intended situation when investigating 

the effects of different MSCs used as therapies. 

While immunomodulation appears to be the primary mechanism by which MSCs exert 

local effects, and true structural engraftment has generally been dismissed as a mechanism of MSC 

action, there remains strong interest in tissue engineering following differentiation of MSCs into 

cartilage or bone. In some instances, grafts or plugs grown for implantation can successfully 
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repopulate scaffolds, although their ability to function as the actual native tissue remains poorly 

understood at this time. 

 

1.7 Research and Clinical Applications of MSCs 

Studies of mesenchymal stromal cells in animal models range from biology and physiology 

experiments through trials of clinical treatments. Studies using animal models most commonly 

focus around use of murine models to investigate the use of MSCs in the treatment or prevention 

of human conditions, given the logistics of murine research and the ability to more closely control 

genotypic and phenotypic factors. However, it can be difficult to adequately replicate some human 

conditions or treatment approaches using a murine model due lack of certain disorders occurring 

in mice, or due to their size, therefore other species such as cats and the horse also serve as valued 

comparators for studying MSC applications to manage human conditions.  

 

1.8 MSCs and Musculoskeletal Conditions 

MSCs are used clinically to treat a variety of degenerative and inflammatory musculoskeletal 

lesions in people, often extrapolating from studies first performed in the horse. Although small 

animals have also been extensively utilized for experiments involving MSCs to manage 

musculoskeletal conditions, their joint size, joint forces, and cartilage thicknesses render them a 

poor model for human musculoskeletal pathology. This has provided a further driving force for 

use of horses as a model for human musculoskeletal disease. 

Much of the current literature with horses as a model focuses on post-traumatic 

osteoarthrosis, focal cartilage healing, and with specific interest in tendon and ligament pathology, 

particularly tendonitis and desmitis. Further interest in the horse as both a subject and a model 
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comes from the functional similarities of the deep digital flexor tendon in horses to the calcaneal 

tendon (Achilles tendon) in humans. Similar to humans, these musculoskeletal injuries are 

relatively common diseases that affect a broad range of athletic to pleasure horses, some requiring 

prolonged healing periods. Loss of athletic function and decreased quality of life provide added 

incentive for seeking effective treatments of these conditions in both humans and horses alike 

(Carrade 2012, Eggenhofer 2012, Schnabel 2013, Colbath 2017).  

While there are many other musculoskeletal conditions of the horse and humans that are 

being investigated in terms of MSC therapies, the focus of this literature review is on application 

of MSCs to manage inflammatory conditions of the lung, therefore additional musculoskeletal 

disorders will not be covered here but are well documented in recent reviews (Colbath 2020).  

 

1.9 MSCs for the Management of Lung Disease 

Based on the observation that stromal or stem cells injected into the venous system quickly and 

uniformly end up trapped within the lungs, the use of MSCs in the treatment of pulmonary lung 

pathology is a logical theory. Much of the literature investigating the utilization of MSC in the 

study of lung pathology use mice as a model, due to their ease of handling, their small size, and 

therefore the small total number of MSCs required to achieve a high dosage as calculated by body 

weight or surface area. Studies evaluating MSC treatment to manage lung pathology in mice and 

other species have shown early promise for a range of both acute and chronic diseases.  

Morbidity and mortality from hemorrhagic shock or trauma in humans is often due to 

multi-organ failure, including acute lung injury (ALI) or acute respiratory distress syndrome 

(ARDS) as seen in 14-20% of cases (Pati 2011). Recent experiments using a murine model of lung 

inflammation have evaluated MSCs combined with sphingosine-1-phosphate (S1P) and its 
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structural analog (FTY720) to reduce inflammatory lung injury and LPS-induced lung edema 

(Zhang 2017). All treatment groups showed attenuated inflammation as assessed by computed 

tomography, and higher survival rates, with the combination therapy group yielding better results 

than either treatment alone. Treatment led to reduced total protein in bronchoalveolar lavage fluid, 

attenuation of vascular permeability, and reduced lung tissue inflammation. Despite small sample 

sizes, results showed statistically significant data and presented evidence in favor of the use of 

MSCs in acute inflammatory lung disease in mice. Similarly, clinical experiments in rats with 

mild, experimentally-induced hemorrhagic shock showed that MSCs helped stabilize vascular 

endothelium and reduced inflammation, suggesting MSCs helped reduce permeability and restore 

adherens junctions (Pati 2011). 

With respect to more chronic inflammatory conditions of the lung, multiple studies 

utilizing murine models of chronic asthma showed improvement in histopathology changes 

associated with the disease course following MSC therapy using autogenic, allogeneic, and 

xenogeneic MSC transplantation. One study demonstrated that MSCs were found within lung 

tissue and helped reverse some of the classic chronic changes of bronchial asthma such as 

basement membrane and subepithelial smooth muscle thickness and increased presence of goblet 

and mast cells (Firinci 2011). A second study looked at the inflammatory profile of mice with 

chronic asthma and revealed an attenuation of overall inflammation (Bonfield 2010). Although 

these studies suggest a beneficial effect of MSC therapy on chronic asthma, both studies suffer 

from small sample sizes despite use of a murine model, a lack of long-term follow up, and a 

timeframe inconsistent with the development of human chronic asthma. 

 In a trial of cats with chronic feline allergic asthma, repeated administration of 

intravenously administered MSCs over time failed to reduce airway inflammation and airway 
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hyper-responsiveness compared to cats receiving placebo treatment, but did result in less airway 

remodeling by approximately 6 months after the final infusion of MSCs when assessed by indices 

derived through computed tomography. Although these benefits were observed during and 

immediately after therapy, the effect was not sustained by 12 months after treatment in any of the 

subjects, further demonstrating the need for long-term study of the benefits of MSCs in chronic 

lung disease (Trzil 2014).  

 Chronic obstructive pulmonary disease (COPD) is a disease of chronic pulmonary and 

systemic inflammation responsible for approximately 5% of human deaths in the United States 

(Weiss 2013). In a study involving 62 human COPD patients, half were administered 4 monthly 

intravenous infusions of 100 million allogeneic MSCs per dose and the other half of patients were 

administered a placebo. No differences were seen in frequency or severity of COPD exacerbations, 

worsening of disease, or quality-of-life indicators between MSC-treated and placebo patients, 

although there was a significant decrease in levels of circulating C-reactive protein in those patients 

that received the MSC treatment, suggesting systemic alterations in inflammatory markers. 

 MSCs are being actively used in managing additional chronic human lung conditions 

including bronchiolitis obliterans, fibrosing pulmonary injury, and pulmonary hypertension 

(Weiss 2014). Diffuse alveolar hemorrhage is a rare complication of systemic lupus erythematous 

in humans with a mortality rate over 50% (Virdi 2012, Shi 2012). The pathogenesis is thought to 

be related to immune complex deposition in alveolar walls and/or induction of apoptosis in 

alveolar macrophages. After treatment with 1x106 MSC/kg body weight, all patients in a 4-patient 

study investigating MSCs as a last-resort salvage procedure not only survived to hospital 

discharge, but showed marked improvement in hemoglobin, platelet count, oxygen saturation and 

serum albumin concentration following treatment, indices that typically worsen with disease 
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progression. Hemoptysis resolved following MSC treatment. In addition, in individual patients, 

high blood pressure was downregulated, and platelet level increased. Severity of dyspnea during 

normal activities lessened, and high-resolution computed tomography (HRCT) scans of the thorax 

showed improvement. Furthermore, dosages of steroids and immunosuppressive drugs required 

were able to be tapered and ultimately discontinued in two patients following MSC therapy. 

Although these results reflected a small study with a short follow-up period, all patients showed 

marked improvement in a variety of clinical signs following MSC administration. 

MSCs have also been utilized under the United States Federal Drug Administration 

Compassionate Use Act for individual cases, notably for COVID-19 cases, and in China, case 

studies on patients with COVID-19 treated with MSCs have already been published with 

promising results (Canham 2020). In one study, a woman treated with MSCs showed improved 

CT images of pulmonary inflammation and was discharged from the ICU following treatment 

(Liang 2020). In a second case study of 7 patients, immune cell populations, clinical symptoms 

and pulmonary function of the patients improved in all cases (Leng 2020). 

 

1.10 MSC Therapy for Specific Equine Pulmonary Pathology 

Several lung diseases are commonly represented in the equine athlete and pleasure horse, and can 

be devastating to performance and quality of life. These include severe equine asthma (SEA) and 

inflammatory airway disease (IAD), collectively termed equine asthma, as well as exercise-

induced pulmonary hemorrhage (EIPH). All of these conditions closely mirror human disease and, 

based on the existing literature in humans, it is reasonable to expect similar benefits of MSC 

administration on reducing airway inflammation and chronic pulmonary changes in the horse. 
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1.10.1 Equine Asthma 

Equine asthma is an umbrella term used to encompass both inflammatory airway disease (IAD) 

and severe equine asthma, (SEA, previously “recurrent airway obstruction” or RAO), both well-

established pulmonary inflammatory diseases of the horse. Inflammatory airway disease describes 

a dysregulation of the inflammatory cell homeostasis in the airway lumen leading to clinical signs 

of variable severity (Couetil 2016). IAD can affect horses of all ages with typically subtle clinical, 

including poor performance and occasional coughing, but affected horses are typically eupneic at 

rest. In contrast, horses with SEA exhibit chronic signs of marked lower airway inflammation and 

obstruction associated with frequent coughing, increased respiratory effort at rest, and exercise 

intolerance, typically affecting horses greater than 7 years of age. 

Both SEA and IAD are inflammatory conditions characterized by excessive accumulation 

of inflammatory cells and mucus in the airways. Established reference ranges for BAL differential 

cell counts vary in the literature, but typically reflect 50% to 70% macrophages, 30% to 50% 

lymphocytes, less than 5-10% neutrophils, less than 2-5% mast cells, and less than 1-5% 

eosinophils in healthy horses (Doucet 2002). BALF cytology of IAD horses is usually 

characterized by mild-to-moderate increase in neutrophil, eosinophil, and/or mast cell percentages 

(Doucet 2002). The IAD phenotype has been associated with horse age in particular – BALF 

eosinophilia is more commonly encountered in young horses less than 5 years old, whereas BALF 

neutrophilia is more frequently diagnosed in horses older than 7 years of age. In contrast, BALF 

profiles from horses with SEA usually show moderate-to-severe neutrophilia (>25% cells) and 

decreased lymphocyte and alveolar macrophage counts. 

Being inflammatory disorders of the lung, the potential application of MSCs to down-

regulate these conditions in horses warrants further investigation, as has been done in humans. 
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1.10.2 Exercise-Induced Pulmonary Hemorrhage: An Inflammatory Perspective 

The pathophysiology of EIPH remains poorly understood, in particular with respect to the role of 

inflammation in this disorder. Proposed contributing factors of EIPH have included capillary 

failure due to sustained increase in pulmonary pressure, induced pulmonary trauma through 

concussive forces associated with locomotion, inflammatory airway disease, upper airway 

obstruction leading to altered transpulmonary pressure, and an array of blood dyscrasias (Cook 

1988, Newton 2002, Davidson 2011). The majority of the more recent literature appears to focus 

on pressure-related failure of pulmonary capillaries, pulmonary inflammation, or a combination of 

the two, as likely causes.  

 In an experiment where a single autologous blood sample was infused into the airways of 

6 horses, an increase in erythrocytes, alveolar macrophages, and hemosiderin-containing 

macrophages (hemosiderophages) was appreciated in bronchoalveolar lavage fluid and persisted, 

albeit to a low degree, for at least 21 days in some horses (McKane 1999). Although blood is 

continuously cleared from the lungs, erythrophagocytosis and subsequent clearance is slow and 

racehorses in training may not have sufficient time between training or competition to fully clear 

and heal the lungs if intervals between strenuous exercise are less than 2 weeks apart. This 

persistent presence of blood may contribute to ongoing inflammation, exacerbating a cycle of 

further pulmonary hemorrhage. Experiments in which intrapulmonary blood infusions were 

administered to 7 horses without a recent history of EIPH showed increased septal thickening, 

development of alveolar collagen and subsequent fibrosis, and a macrophage-dominated 

inflammatory response within the lung. It was speculated that these changes could lead to 

permanent alterations in the alveolar unit and explain why older racehorses (i.e. those with a 

greater number of race starts) are more prone to developing EIPH (McKane 2002).  
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 Although blood may or may not initiate pulmonary inflammation leading to EIPH, when 

horses have regions of lung with experimentally-induced airway inflammation, they tend to bleed 

more during intense exercise (McKane 2010). The authors further speculate that specific therapy 

to target inflammation may help horses with EIPH. In an investigation into the risk factors 

associated with EIPH, monthly examination of 148 Thoroughbred racehorses revealed pulmonary 

inflammation as one risk factor associated with EIPH, although the overall evidence was weak 

(Newton 2002). Attenuation of inflammation following intravenous MSC injection has been 

shown in vivo in humans, mice, and other non-equine species for conditions of pulmonary 

hemorrhage, suggesting a potential clinical application of MSCs to manage EIPH in horses as well 

(Pati 2011, Shi 2012, Yilmaz 2013, Liang 2020). 

 

1.11 Potential Complications 

As with all emerging treatment modalities, it is critical to identify and mitigate potential side-

effects. Understanding complications of MSC therapies is still in its infancy. Review papers 

investigating the use of MSCs in the treatment of chronic lung diseases in humans have focused 

on chronic obstructive pulmonary disease, obstructive bronchitis, and idiopathic pulmonary 

fibrosis. A recent review found moderate evidence suggesting decreased inflammation and 

reduced degree of fibrosis in idiopathic pulmonary fibrosis (Wecht 2016). Some studies, however, 

have suggested pro-fibrotic effects when MSCs were administered late in the disease process, 

demonstrating the need for determination of the ideal time of treatment. As the mechanisms of 

MSC-mediated repair and the pathogenesis of idiopathic pulmonary fibrosis are still far from 

understood, careful consideration for timing and dosage should be done prior to undertaking 

treatment of any lung disease, but perhaps especially in chronic diseases (Wecht 2016). Much like 
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idiopathic pulmonary fibrosis, the review suggests that MSC therapy for treatment of chronic 

obstructive pulmonary disease or obliterative bronchiolitis also shows promise, with similar 

obstacles to administration. Despite these, evidence exists for MSCs to ameliorate inflammation, 

halt fibrosis and initiate tissue healing in a variety of animal models. 

The induction of tumors has been a question of concern in regard to MSC therapy, 

especially considering allogeneic, intravascular injection of cells and their possible role as lung 

cancer or tumor initiating cells or in their role contributing to the support stroma or vascularization 

of primary tumors (Weiss 2014). On the other hand, investigations have shown that MSCs may 

actually localize to areas of tumor development and may even express anti-tumorigenic substances 

such as tumor necrosis factor-related apoptosis inducing ligand (TRAIL) or interferon beta (IFNβ) 

(Weiss 2014). MSCs in tumor development or, alternatively, tumor therapy, surely deserves 

adequate and exhaustive investigation, but the current literature is limited and contradictory and 

the overall evidence is weak (Dominici 2006, Kol 2015, Pezzanite 2015). Despite concerns of 

adverse effects and overall safety, no significant or clinically relevant adverse effects have been 

consistently or definitely verified. The potential benefits of MSC therapy, however, warrants 

continued investigation into the safety of MSC therapy given the immense potential should a 

suitable, easy-to-use, effective therapy be developed.  

 

1.12 Known or Suspected Complications in Horses 

Although relatively few complications have been reported following the use of single or multiple 

doses of stem or stromal cells in horses, some notable adverse reactions and systemic changes exist 

including antibody production against the inoculated MSCs, alterations in lymphocyte profile, as 

well as local inflammation and pain at the site of injection.  
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 A study showed that MHC-incompatible equine MSCs induced cytotoxic antibodies to 

donor antigens following administration (Pezzanite 2015, Owens 2016). In the first study, all 6 

recipient horses in the study produced anti-ELA-A2 antibodies following injection of ELA-A2 

MSCs and developed a local skin reaction at the site of injection. Although not considered a major 

adverse reaction, the demonstration of allogeneic MSCs eliciting an antibody response in vivo 

highlights a potential risk of MSC injections from allogeneic sources. The second paper similarly 

showed development of antibodies to allogeneic MSCs, but further suggested an effect of donor 

source as a factor in development. 

 In addition to MSC-targeted antibody production, studies looking at lymphocyte response 

to multiple allogeneic intravenous injections of adipose and bone marrow-derived MSCs to 10 

healthy horses showed an increase in splenic FoxP3 regulatory T-cells and an increase in blood 

CD8+ T-cells. No adverse clinical effects, evidence of organ toxicity, or systemic inflammatory 

response were appreciated, and infusion was well tolerated by all animals. This study further 

highlights that intravenous injections of allogeneic adipose tissue- or bone marrow-derived 

mesenchymal stromal cells do not induce a significant systemic inflammatory response and appear 

safe for horses in this regard. Further investigation into the serial inoculation of horses with MSCs 

confirmed that, although there was an increased number of circulating CD8+ T-cells following 

therapy, no systemic inflammatory response or reaction was noted (Kol 2015).  

 In a study investigating a two-injection series of MSCs (allogeneic, autogenic, and 

autogenic without xeno-contamination, i.e. without fetal bovine serum contaminants), no 

difference in clinical parameters was noted over time (7 days) following the first injection (Joswig 

2017). However, following the second injection, an elevated synovial total nucleated cell count 

was seen in joints injected with allogeneic and autogenic MSCs containing fetal bovine serum 
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(FBS) contaminants as part of the culture process, and increased pain from joints injected with 

autogenic MSCs with FBS contaminants. These adverse effects were not seen with autogenic 

MSCs with depletion of FBS indicating a likely contribution of either xeno-contaminants, or the 

allogeneic nature of the MSCs, in the development of adverse reactions, likely through immune 

recognition.  

 Potential risks of MSC therapy extend beyond local effects. In particular, disease 

transmission may occur resulting from the manner in which MSCs are sourced, harvested, 

cultured, and administered. In a case series investigating the transmission of equine parvovirus 

(EqPV-H) as the causative agent of equine serum hepatitis, three horses who were administered 

allogeneic stromal cell therapy subsequently developed serum hepatitis. Of the three horses, one 

donor sample was available for subsequent testing and was positive for the virus, while the donor 

horses for the other two allogeneic MSC samples were negative when tested beyond 14 weeks 

following being used for MSC collection. It was speculated that, for the single horse with available 

MSC sample for testing, the donor horse could have been the source, or the donor equine serum 

used to culture the cells of the virus may have been the source of infection. Of most concern, all 

three of these horses died from their disease (Tomlinson 2019). 

Based on these early studies into potential complications, it is clear that both short- and 

long-term monitoring of patient safety must remain at the forefront as emerging potential clinical 

applications of MSCs are identified. 

 

1.13 Obstacles to Use and Translation of MSCs 

In the current context, it is difficult to compare MSC therapies due to differences in MSC 

definition, differences between animal models, and differences between cell culture techniques. 



 
 

 
 

23 

Even with some of the specific characteristics of MSCs defined and now generally agreed upon, 

there remain issues with differing source-animal and source-organ or tissue, and variation in 

isolating and expansion practices, that all compound to make the ability to compare and contrast 

across different subsets of MSCs difficult, if not inappropriate (Dominici 2006, Viswanathan 

2019). 

 Issues facing this field of research going forward will more likely also surround defining 

the optimal dosage, timing and route for administration and further understanding the effects of 

MSCs on specific clinical conditions (Wecht 2016). An appropriate dosage, or a formula or 

standard for calculating a dose, have yet to be determined. In small animal models, typical doses 

seen in the literature range from less than 1 million MSCs administered per kilogram bodyweight, 

to more than 50 million MSCs per kilogram bodyweight. Comparable doses in the average 500-

kilogram horse would require MSCs in the magnitude of 108 to 109 cells per dose per horse, 

numbers that would require significantly more time-, labor-, and cost-efficient means to 

accomplish in order to make these numbers feasible for routine clinical use (Firinci 2011, Carrade 

2012). Furthermore, elucidating the most practical and effective disease processes to treat will 

prove vital in the future application of MSC therapies. 

 

1.14 Conclusions, Research Hypotheses, and Study Objectives 

MSCs have shown promise in the treatment of musculoskeletal diseases, systemic diseases, and 

inflammatory diseases in a variety of animal models, many of which may be translatable as models 

for human disease and treatment therapy. More so than ever, the anti-inflammatory effects of 

MSCs are being actively investigated in order to leverage the benefits of these properties in disease 

therapy. There are many obstacles to overcome, not the least of which is the understanding of the 
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mechanisms governing MSCs as much as improving our understanding of the mechanisms of the 

disease processes we hope to treat. Nevertheless, MSCs pose a promising treatment modality for 

a variety of lung diseases, especially pulmonary pathology, and particularly in the horse as a human 

model and animal athlete. 

 In order to further explore clinical applications of MSCs in the horse, further study is 

needed to first understand critical aspects such as the tracking of stromal or stem cells within the 

body, identifying site preference or physical homing after injection, and evaluating systemic 

immunologic alterations in response to MSCs. Foundation studies are necessary to investigate the 

safety of intravascularly injected MSCs, as well as ideal dosage, cell source, and duration of 

therapy. All of these will be crucial in allowing more focused investigations of specific equine 

pulmonary diseases.  

 The research hypotheses investigated in this thesis are that MSCs will localize to the lung 

tissue parenchyma and cross into the alveolar space when injected intravenously in horses. Further 

study objectives are to: 

1. Investigate the impact of labeling MSCs with USPIO (Molday ion) on post-thaw 

cryopreservation viability for the purposes of MSC tracking within the body after 

intravenous injection. 

2. Investigate the impact of intravenous MSC injection on systemic immune response and 

various hematology and biochemistry parameters in the horse. 

3. Investigate the safety of repeat intravenous injection of MSCs in horses.  
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2 Chapter 2: Doubling Times, Labeling Efficiency and Immediate Post-Thaw 

Cryopreservation Viability of Equine Cord-Blood Mesenchymal Stromal Cells Labeled 

with Ultra-Small Supra-Paramagnetic Iron Oxide and Rhodamine B 

 

2.1 Introduction 

Multipotent mesenchymal stromal cells (MSCs) are being actively utilized in human and animal 

medicine and have shown promise in tissue engineering (Rosenbaum 2008, Berg 2009, 

Toupadakis 2010, Schnabel 2013, Loebel 2018, Fitzsimmons 2018) as well as in the management 

of musculoskeletal injuries, especially in canine and equine athletes (Colbath 2017). Recent 

interest has expanded the field of research into soft-tissue and inflammatory conditions in both 

companion animals and humans (De Schauwer 2013, Weiss 2014). Clinical use of cord-blood 

derived MSCs relies on delivery to the site of injury or inflammation at the time of need. To this 

end, cells can either be collected from the individual at the time of parturition for cryogenic storage, 

allowing for autogenic use, or allogeneic cells may be acquired from an alternate, non-self donor 

source, and used for treatment either fresh or following cryopreservation. 

Basic biology studies, including MSC safety and efficacy trials, are helping to elucidate 

the mechanisms of these cells (Carrade/Affolter 2011, Carrade/Owens 2011, Kol 2015, Pezzanite 

2015, Owens 2016, Joswig 2017), however there remains limited information on the localization 

and final destination of MSCs within the body when administered to human or animal models 

(Gao 2001, Fischer 2009, Eggenhofer 2012, Eggenhofer 2014). 

 Various routes of administration have been investigated, including intravenous, 

intraarticular, intraperitoneal, intradermal, intralesional, and intrathecal (Gao 2001, Fischer 2009, 

Carrade/Affolter 2011, Sole 2012, Eggenhofer 2012, Barberini 2018). To facilitate tracking of 

MSCs through the body, labeling techniques have been employed using fluorescent dyes including 
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rhodamine B, CMFDA (5-chloromethylfluorescein diacetate), DiD (C67H103CIN2O3S) and 

indocyanine green, and markers such as ultra-small superparamagnetic iron oxide (USPIO) 

molecules and green fluorescent proteins (GFP) (Boddington 2008, Wang 2009, Bourzac 2014, 

Andrzejewska 2019). Molday ion, a commercially-available USPIO contrast reagent, has the 

benefit of being a USPIO tagged with the fluorescent dye rhodamine B, allowing potential 

identification of MSCs within the body or tissue samples by multiple means of detection, including 

MRI, fluorescent microscopy, or by iron-staining with dyes such as Perls Prussian blue. 

Furthermore, USPIOs, and Molday in particular, have the advantage of inducing less alteration in 

metabolic activity and morphology of MSCs following labeling in comparison with other labeling 

techniques (Bourzac 2014, Andrzejewska 2019). 

In the study of MSCs and their mechanism of action, and following to clinical applications, 

it is critical that any cell stain used in a research or clinical setting does not have a significant 

detrimental effect on the cells. As well, the impact of cryopreservation on labeled cells must also 

be understood as it pertains to MSC function and impact on clinical treatment. The objectives of 

this study were therefore to evaluate the utility of USPIO to stain MSCs, in particular to evaluate 

USPIO-labeling efficiency of MSCs at 12.5 µg/mL, as well as doubling times following USPIO 

labeling, and viability of USPIO-labeled MSCs following cryopreservation and subsequent thaw. 

 

2.2 Materials & Methods 

In summary, equine cord blood mesenchymal stromal cell lines were isolated using standard 

practices and were expanded in parallel. In each of three experiments, cells were initially expanded 

and passaged, plated in parallel, and half of the cells were incubated with USPIO tagged with 

rhodamine B (Molday ION Rhodamine B; BioPAL, Incorporated; Worcester, Massachusetts) prior 
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to harvesting, while the other half were incubated with an equal total volume of cell culture media 

to serve as controls. Cells (USPIO-labeled versus control) were compared for doubling times, 

labeling efficiency, and post-thaw viability following cryopreservation, to assess the impact of 

USPIO-labeling on MSCs. 

 

2.2.1 Mesenchymal Stromal Cell Cultures  

A total of 10 cell cultures of equine cord blood mesenchymal stromal cells, obtained at parturition 

from 10 live foals, were used. Cells were processed as described previously (Koch 2009). 

Following passage 2-4, each line was cryopreserved in hypothermic biopreservation media 

(CryoStor CS10; BioLife Solutions, Inc; Bothell, Washington) in 1 mL aliquots at a concentration 

of 1x106 cells/mL. 

For each donor line, vials were thawed in-hand until nearly melted and then the contents 

of each vial were transferred into either a T75 or T175 flask (Corning 75cm2 and 175cm2 Cell 

Culture Flasks; Corning, Inc; Glendale, Arizona) containing expansion culture media consisting 

of low-glucose Dulbecco’s Modified Eagles Medium (Customized Low Glucose Dulbecco’s 

Modification Eagles Medium; Wisent, Incorporated; Saint Bruno, Quebec) supplemented with 1% 

L-glutamine (Wisent, Incorporated; Saint Bruno, Quebec), 1% penicillin/streptomycin (Wisent, 

Incorporated; Saint Bruno, Quebec), and 10% fetal bovine serum (Premium Fetal Bovine Serum 

#090-150; Wisent, Incorporated; Saint Bruno, Quebec). At 1x106 cryopreserved cells per flask, 

expected plating density was estimated to be approximately 5,000-15,000 cells/cm2 accounting for 

loss from processing, cryopreservation, and differences in initial flask sizes. 

 Cells were incubated in a humid environment at 38°C and 5% CO2 and underwent media 

changes the day following initial plating (i.e. when media had residual DMSO from 
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cryopreservation), and then every 2-3 days thereafter. Cells were expanded until they reached 

approximately 80% confluency, at which time they were passaged. To passage, media was 

decanted from each flask and the cells were rinsed three times with phosphate-buffered saline 

(Wisent, Incorporated; Saint Bruno, Quebec). To each flask, 0.25% Trypsin/EDTA (0.25% 

Trypsin EDTA 325-043-CL; Wisent, Incorporated; Saint Bruno, Quebec) were added, and flasks 

were incubated for approximately 5 minutes at 38°C, after which time they were checked for 

dissociation. Once dissociated, trypsin was inactivated with expansion culture media (twice the 

volume of trypsin) and the entire contents of the flask were aspirated and transferred to a conical 

centrifuge tube. All tubes were centrifuged at 400g for 5 minutes to create a cell pellet. The 

supernatant was decanted, and the remaining cell pellet was resuspended in 1 mL of expansion 

culture media per tube regardless of initial flask size. 

 For each cell line, 100 µL and 200 µL aliquots of the cell suspension were aspirated into 

separate 600 µL microcentrifuge tubes. 

 The 200 µL sample was used to count dead cells per mL, using a commercial sample 

cassette (NucleoCassette 941-0001; ChemoMetec; Bohemia, New York) which aspirates a fixed 

volume of sample and utilizes the fluorescent dye propidium iodide (PI) to stain mammalian DNA, 

enabling identification of non-viable cells due to their permeable plasma membrane. The count 

from this sample represented the true count of the dead cells per mL in the sample. 

 The 100 µL sample was used to count total cells (live and dead) per mL by disrupting all 

cells to render all nuclei susceptible to staining with propidium iodine. Cell suspensions were 

treated with 100 µL of a low-pH lysis buffer (Reagent A100, 910-0003; ChemoMetec; Bohemia, 

New York), agitated for 10 seconds, followed by 100 µL of a pH-stabilizing buffer (Reagent B, 

910-0002; ChemoMetec; Bohemia, New York) for a total volume of 300 µL. After treatment with 
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both reagents, the cassette was used to aspirate the same fixed volume of cell suspension and 

counted. The count from this sample represented a 3x dilution count of all cells per mL in the 

sample, and was multiplied by 3 to calculate the total cell count per mL. Dead cell count was then 

subtracted from this total per mL in order to calculate total viable cells per mL of sample for each 

cell line using the equation: 

 Nlive = 3(Ndiluted) - Ndead 

   

 where Nlive = total viable cells per mL 

  Ndiluted = 3x diluted total cell count per mL 

  Ndead = dead cell count per mL 

 

2.2.2 Doubling Times 

Seven cell lines (lines 1-7) were used to evaluate doubling times. Each cell culture was processed 

as described and the cell suspension for each cell line was inoculated in duplicate onto T75 (lines 

1-5) or T175 (lines 6 and 7) tissue culture flasks containing expansion culture media at a seeding 

density of 5,000 cells/cm2. Cells were incubated at 38°C and 5% CO2, and underwent media 

changes every 2-3 days. 

 At approximately 60% confluency, one flask from each pair was selected at random via 

coin flip and the MSCs were labeled by incubating the flask with ultra-small superparamagnetic 

iron oxide (USPIO) nanoparticles tagged with rhodamine B (Molday ION Rhodamine B; BioPAL, 

Incorporated; Worcester, Massachusetts) in culture medium for approximately 48 hours, at a 

USPIO concentration of 50 µg/mL. The second (unlabeled) duplicate was used as the experimental 

control and was processed identically to the labeled cells, with the exception that no USPIO was 
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added to the medium during the final 48 hours of incubation prior to passage. Final total volumes 

added to each flask remained constant. 

 At approximately 80% confluency, media was decanted from all flasks, and the cells were 

then rinsed 3 times with phosphate-buffered saline to remove non-internalized USPIO 

nanoparticles and residual media. Cells were harvested as previously described and total cell and 

dead cell counts were performed on an automated cell counter (NucleoCounter 900-0004; 

ChemoMetec; Bohemia, New York) to calculate total live cell counts. Initial live cell counts 

relative to final live cell counts were used to calculate a doubling time over a period of hours (120-

144 hours). Doubling times were calculated from growth rates using the following equations: 

 Growth Rate (g): 

 g = ln( Npassage / Ninitial ) / t 

 

 Doubling Time (d): 

 d = ln(2) / g 

  

where Npassage = the number of live cells at time of passage 

  Ninitial = the number of live cells at time 0 

  t = time (hours) 

  g = growth rate (cells / hr) at given t (time) 

  d = doubling time 
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2.2.3 USPIO Labeling (Molday ION Rhodamine B) 

Five cell lines (lines 6-10) were used to assess for labeling efficiency. Cells were processed in 

T175 flasks and labeled as previously described, however the treatment flask of each of pair was 

labeled with 12.5 µg/mL (lines 6-10) and a sixth pair (also line 6) was labeled with 50 µg/mL 

ultra-small superparamagnetic iron oxide nanoparticles tagged with rhodamine B (Molday ION 

Rhodamine B) for 48 hours. 

 Once cells were labeled, harvested, resuspended, and counted, a 22 mm x 22 mm glass 

coverslip was placed in each well of two 6-well flasks (Fisher Scientific by ThermoFisher 

Scientific, Waltham, Washington), and cells were seeded at a density of approximately 10,000 

cells/cm2 with one cell line per well, and two wells per cell line. The 6-well flasks were incubated 

for six hours at 38°C and 5% CO2, and then washed three times with 2 mL phosphate-buffered 

saline per well. Cells were incubated in 2 mL formalin per well for one hour to fix them to the 

coverslips, and were then washed again three times with phosphate-buffered saline. Cell 

membranes were permeated by adding 2 mL of 0.2% Triton X-100 detergent (Sigma-Aldrich 

Canada Co; Oakville, Ontario) to the wells for five minutes, followed by a wash with PBS. Blue 

fluorescent DNA stain 4′,6-diamidino-2-phenylindole (DAPI; Thermo Fisher Scientific; Waltham, 

MA) was then applied to the coverslips to stain the nuclei, and coverslips were mounted on slides 

and allowed to dry for 12 hours. Four hundred cells were counted under fluorescent microscopy 

using red and blue channels (EVOS Imaging System; Thermo Fisher Scientific; Waltham, MA). 

Images were captured and overlaid to highlight nuclei (DAPI) and the marker (USPIO). The 

number of labeled cells out of total nuclei (cells) counted represented the percent labelled with 

USPIO: 
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 Percent of cells labeled: 

 Plabeled = Nlabeled / Ntotal x 100 

   

 where Plabeled = percentage of labeled cells 

  Nlabeled = labeled nuclei counted 

  Ntotal = total nuclear cell count 

 

2.2.4 Cryopreservation and Post-Thaw Viability 

Four cell lines (lines 1, 3-5) were used to assess post-thaw viability. Cells were processed in 

parallel as previously described and were either USPIO-labeled or used as un-labeled controls, as 

noted. Following washing three times with PBS, the cells were harvested and the suspensions were 

again centrifuged at 400g for 5 minutes to create a cell pellet. The supernatant was decanted and 

the cell pellet was re-suspended in hypothermic biopreservation media (CryoStor10; BioLife 

Solutions, Inc; Bothell, Washington) to a concentration of 1x106 cells/mL. The cells were counted 

for pre-cryopreservation viability as described above, and 1 mL aliquots were aspirated into 2 mL 

cryogenic vials (Corning Externally Threaded Cryogenic Vials 430659 #09-761-71; Corning, Inc; 

Glendale, Arizona). Vials were then placed in freezing containers of isopropyl alcohol (Mr. Frosty 

Freezing Container; Thermo Fisher Scientific; Waltham, MA), which allowed for cooling of the 

vials by approximately 1°C per minute until -80°C was reached. The vials were stored at -80°C 

for 1-3 days, after which time all vials were transferred to liquid nitrogen (-196°C) for long-term 

storage (up to a year). 

 To determine viability of cells following cryopreservation and thawing, vials were thawed 

in-hand until nearly melted, the contents were gently agitated to re-suspend the cells, and once 
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fully thawed, cell viability was again determined using an automated cell counter as previously 

described. Total live cell counts before cryopreservation and after cryopreservation were used to 

calculate the percentage of MSCs that survived cryopreservation and remained intact and viable, 

classified as post-cryopreservation viability of cells. 

Post-thaw Cryopreservation Viability 

Post-thaw cryopreservation viability was calculated with the following formula: 

 Post-thaw cryopreservation viability percentage: 

 Pviable = ( Ncryo / Npre ) x 100 

  

where Pviable = percentage of viable cells following cryopreservation and thaw 

  Ncryo = number of viable cells following cryopreservation and thaw 

  Npre = number of viable cells prior to cryopreservation 

 

2.3 Statistical Analysis 

Doubling times and post-thaw cryopreservation viability data for the control and treatment 

(USPIO-labeled) groups were analyzed for normality with a Shapiro-Wilk test with log 

transformation applied to evaluate for improved normality. Post-thaw cryopreservation viability 

data were normally distributed as determined by tests of normality including Shapiro-Wilk, 

Kolmogorov-Smirnov, Cramer-von Mises, Anderson-Darling, and an examination of the 

residuals. A paired, two-tailed t-test was used to test for significant differences between the 

cryopreservation treatment (labeled) and control groups. Doubling time data were not normally 

distributed despite log transformation; therefore, a Wilcoxon sign rank test was utilized to evaluate 

for significant differences between doubling times from the treatment (labeled) and control groups 
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using the non-transformed data. Summaries of all statistics can be found in Appendix 2.1 and data 

sets can be found in Appendix 2.2 and 2.3. 

 

2.4 Results 

2.4.1 Doubling Times 

Every cell line pair showed a negative difference from control to treatment, representing a longer 

doubling time for the treatment (labeled) cell cultures. Doubling times for treatment groups ranged 

from 1.13 - 2.94 days and 1.07 - 2.19 days for the control group. On a two-tailed non-parametric 

Wilcoxon sign rank test with seven paired results, a significant increase in doubling time was found 

for the labeled MSCs (p = 0.036, Figure 2.1). 

 

2.4.2 USPIO Labeling Efficiency 

All five cell cultures labeled at 12.5 µg/mL showed 100% labeling efficiency when a 400-cell 

count was taken. A direct comparison between 12.5 µg/mL and 50 µg/mL was not done, although 

a single sample culture at 50 µg/mL was performed and likewise showed 100% labeling efficiency 

when 400 cells were counted. An example of labeling efficiency at 12.5 µg/mL can be found in 

Figure 2.2. 

 

2.4.3 Post-Thaw Cryopreservation Viability 

No significant difference was found between the labeled and unlabeled cell counts following 

cryopreservation and thawing (p = 0.79; Figure 2.3). Immediate post-thaw viability percentages 

for the treatment (labeled) group ranged from 90.6 - 107.2% and 87.8 - 103.9% for the control 

group. 
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2.5 Discussion 

The results of the present study confirm that equine umbilical cord blood MSCs can easily and 

efficiently be labeled with USPIO, and that the labeled cells can then endure cryopreservation 

resulting in excellent immediate post-thaw viability for use in studies investigating MSC transit 

following various routes of administration. However, the results indicate that apparent doubling 

times are longer for labeled cells compared to unlabeled controls, which may potentially translate 

into impaired function of MSCs within the recipient and should be taken into account in studies 

using USPIO labeled cells. 

 With respect to the study of MSC transit within the body, labeling by USPIO in our study 

resulted in 100% labeling efficiency when 5 cell lines were labeled with 12.5 µg/mL and incubated 

for 48 hours in 10% FBS media. This finding presents a viable method for labeling MSCs to allow 

tracking. Previous experiments (Bourzac 2014) have suggested that issues with iron uptake exist 

for concentrations of stain lower than 20-30 µg/mL, necessitating use of increased stain 

concentrations up to 50 µg/mL during cell labeling. It is not clear why MSCs in the present study, 

incubated for 48 hours, did not show issues with labeling at either 12.5 µg/mL or 50 µg/mL. These 

results, when taken into consideration with other reported data, might suggest that a longer 

incubation period (48 hours) improves labeling efficiency, with the drawback being a decreased 

recovery percentage or total cell count due to possibility of increased cell adherence to the flasks 

from longer incubation.  

 Doubling times in our study were significantly longer for USPIO-labeled cells compared 

to controls after 48 hours of incubation. The reason for this finding is unclear. Earlier studies have 

similarly reported deceased recovery of USPIO-labeled cells, and exactly why the recovery is 

decreased is unknown. Proposed explanations have included either actual issues with growth, 
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impaired release of cells during harvest, or reduced viability following release and prior to 

counting. In any of these situations, this would decrease the final count at harvest and spuriously 

prolong doubling times.  

It is possible that the prolonged doubling time in our study reflected genuinely slower 

growth by USPIO-labeled cells. In our study, doubling times were taken over the entire 

experiment, from plating to harvest, whereas no cell counts were taken at the time of cell labeling. 

If the doubling times were truly longer due to slower growth during labeling, this would be evident 

through specific comparison of numbers immediately before and after the labeling step of cell 

preparation, as compared to a parallel set of controls for each treatment group. 

While labeling may have a true and direct effect on cell growth and doubling time, other 

factors may also spuriously alter apparent doubling time. More likely, an issue with cell harvesting 

may have impacted apparent doubling time. Visual inspection of cell flasks following dissociation 

in early studies showed a subjectively increased number and relative percentage of labeled cells 

left adhered to the plastic flask. Based on these early observations, mechanical cell displacement 

from the flasks, combined with additional dissociation time, were attempted but did not appear to 

have an improved outcome in terms of harvesting (data not shown). The apparent increased 

adherence of labeled cells to the flask may therefore have impacted the comparison of doubling 

times between labeled and control cells in our study. Utilizing different techniques for dissociation 

and harvesting, or utilizing more specialized flasks such as charged or lined flasks tailored to 

USPIO harvesting, may alleviate this issue. Further understanding the increased adherence will 

allow more efficient and economical research with these cells.  

 Our data suggest USPIO is a viable cell label for utilization in MSC experiments where 

iron or fluorescent tracking may be beneficial. Further understanding of the impact of USPIO on 
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cell growth is needed in order to ensure that labeling does not significantly impede MSC function 

in future studies evaluating MSC application for clinical conditions in humans or animal models. 

 

2.6 Conclusion 

This study demonstrates that equine cord-blood derived mesenchymal stromal cells can be 

effectively and efficiently labeled with 12.5 µg/mL USPIO, and that labeled cells survive 

cryopreservation with excellent post-thaw viability. The study further suggests a delayed growth 

rate or other cause for longer doubling times of USPIO-labeled cells under standard culture 

conditions, as proposed in earlier literature. The impact of USPIO on other MCS cell functions 

remains undetermined and requires future study in order to fully understand any implications on 

treatment outcomes in clinical trials of MSCs. 
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Figure 2.2 : Example of Labeling Efficiency of Equine Umbilical Cord-Blood Mesenchymal Stromal Cells Labeled with 12.5 µg/mL 

USPIO and Rhodamine B (Molday ION = red) and DAPI to Identify DNA (nucleus = blue) 
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3 Chapter 3: Tracking a Two-Dose Series of Intravenously Administered Cord-Blood 
Mesenchymal Stromal Cells in Horses and Associated Blood and Bronchoalveolar 
Lavage Fluid Changes 

 

3.1 Introduction 

Multipotent mesenchymal stromal cells (MSCs) are actively being utilized and explored as 

therapeutic options in veterinary clinical patients and research models, although limited 

information is available on the basic characteristics and mechanisms of these cells within the horse. 

Despite ongoing clinical use, the ultimate destination of injected cells within the body, the safety 

of single and repeat injections of MSCs, and the associated changes in blood parameters have only 

begun to be investigated. Of the pioneering literature, data include information on complete blood 

cell count and serum biochemistry values, alterations in lymphocyte phenotypes, and antibody 

production against allogeneic mesenchymal stromal cells (Kol 2015, Pezzanite 2105, Owens 

2016).  

Typical doses of MSCs of various tissue origins given intravenously to horses are reported 

at 1x106 to 1x108 MSCs per dose. Although MSCs administered in this dose range appear to be 

relatively safe based on the available literature to date, antibody production against injected cells 

has been reported (Pezzanite 2015, Owens 2016), and therefore evaluating the safety of repeat 

injections is crucial prior to commercial and clinical use of stem and stromal cell products 

(Carrade/Affolter 2011, Carrade/Owens 2011, Kol 2015, Pezzanite 2015, Owens 2016, Joswig 

2017). Furthermore, the overall safety has been challenged in recent reports, with horses 

developing serum hepatitis following MSC administration when no other sources of animal 

biologics were given to these animals (Tomlinson 2019). 

 Much like the developing safety profile, multiple routes of injection are being utilized with 

limited information on the ultimate destination of the injected cells (Gao 2001, Fischer 2009, 
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Carrade/Affolter 2011, Sole 2012, Eggenhofer 2012, Barberini 2018). Studies investigating 

intravenous administration of MSCs via the jugular vein in small animal models showed that these 

cells ultimately get trapped in the lungs, termed the “pulmonary first pass effect” in MSC literature 

(Fischer 2009, Eggenhofer 2012). As the microanatomy of pulmonary capillary beds is generally 

conserved among land mammalian species, these cells are expected to remain within the 

pulmonary capillary beds of large animals alike when administered via the jugular vein. Further 

questions remain on whether these cells can then enter the lung parenchyma and potentially 

migrate out into the alveolar fluid. 

 To investigate these questions, the objectives of our study were to further evaluate the 

safety of multiple, large doses of MSCs through assessment of hematological and biochemical 

changes, lymphocyte phenotype and antibody response, as well as pulmonary impact following 

administration of intravenously administered allogeneic MSCs, given twice over a 35-day period 

to horses. Our hypotheses were that MSCs would travel to the lung and migrate into the 

parenchyma following administration, yielding no clinical effects on hematologic and biochemical 

parameters, but with significant effects on the immunological response to the injected cells with 

respect to lymphocyte immunophenotype and antibody development.  

 

3.2 Materials & Methods 

All procedures were performed at the University of Guelph in accordance with the Canadian 

Council on Animal Care under an approved institutional animal use protocol (AUP# 3768). Parts 

of the Materials & Methods section have been amended from chapter 2 of this thesis, particularly 

the sections regarding MSC cultures, cell expansion, USPIO labeling, cryopreservation, and 
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viability, and are restated here with appropriate alterations to reflect the procedures performed in 

these experiments.  

 

3.2.1 Study Design 

In summary, mesenchymal stromal cells from five allogeneic cord blood donor sources were 

isolated and expanded. Approximately 20% of cells were labeled with ultra-small supra-

paramagnetic iron oxide nanoparticles tagged with rhodamine B (Molday ion) prior to harvesting 

and cryopreservation. All cells were cryopreserved in preparation for intravenous injection into 6 

healthy mares in two doses of approximately 100 million MSCs per dose, administered five weeks 

apart.  

 Over the 2 months following the initial injection dose, horses were evaluated for changes 

from baseline in complete blood cell count. serum biochemistry profile. and lymphocyte 

phenotypes as assessed by flow cytometry. Serum was evaluated for the production of antibodies 

against the five cell lines administered, bronchoalveolar lavage fluid was collected and processed 

to evaluate cell differentials and for the presence of iron-stained cells, and lung biopsies were 

collected and processed to evaluate histopathology and for the presence of iron-stained cells. 

 

3.2.2 MSC Cultures 

Cell cultures of equine cord blood mesenchymal stromal cells, obtained at parturition from five 

live foals, were used. Cells were processed as described previously (Koch 2007, Koch 2009). 

Following passage 2, each line was cryopreserved in hypothermic biopreservation media 

(CryoStor CS10; BioLife Solutions, Inc; Bothell, Washington) in 1 mL aliquots at a concentration 

of 1x106 cells/mL for experimental use.  
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For each donor line, one vial of 1x106 cells was thawed in-hand until nearly melted and 

then the contents of the vial were aspirated and transferred into a T175 flask (Corning 175 cm Cell 

Culture Flask; Corning, Inc; Glendale, Arizona) containing expansion culture media consisting of 

low-glucose Dulbecco’s Modified Eagles Medium (Customized Low Glucose Dulbecco’s 

Modification Eagles Medium; Wisent, Incorporated; Saint Bruno, Quebec) supplemented with 1% 

L-glutamine (Wisent, Incorporated; Saint Bruno, Quebec), 1% penicillin/streptomycin (Wisent, 

Incorporated; Saint Bruno, Quebec), and 10% fetal bovine serum (Premium Fetal Bovine Serum 

#090-150; Wisent, Incorporated; Saint Bruno, Quebec). At 1x106 cryopreserved cells per flask, 

expected plating density was estimated to be approximately 5,000 cells/cm2 accounting for loss 

from processing and cryopreservation. 

 Cells were incubated in a humid environment at 38°C and 5% CO2. Due to residual DMSO 

from cryopreservation, cells underwent media changes the day following initial plating, and then 

every 2-3 days thereafter. Cells were expanded until they reached approximately 80% confluency, 

at which time they were passaged. To passage, media was decanted from each flask and the cells 

were rinsed three times with phosphate-buffered saline (Wisent, Incorporated; Saint Bruno, 

Quebec). To each flask, 0.25% Trypsin/EDTA (0.25% Trypsin EDTA 325-043-CL; Wisent, 

Incorporated; Saint Bruno, Quebec) was added, and flasks were incubated for approximately 5 

minutes at 38°C, after which time they were checked for dissociation. Once dissociated, trypsin 

was inactivated with expansion culture media (twice the volume of trypsin) and the entire contents 

of the flask were aspirated and transferred to a conical centrifuge tube. All tubes were centrifuged 

at 400g for 5 minutes to create a cell pellet. The supernatant was decanted and the remaining cell 

pellet was resuspended in 1 mL of expansion culture media per tube. 
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 For each cell line, 100 µL and 200 µL aliquots of the cell suspension were aspirated into 

separate 600 µL microcentrifuge tubes. 

 The 200 µL sample was used to count dead cells per mL, using a commercial sample 

cassette (NucleoCassette 941-0001; ChemoMetec; Bohemia, New York) which aspirates a fixed 

volume of sample and utilizes the fluorescent dye propidium iodide (PI) to stain mammalian DNA, 

enabling identification of non-viable cells due to their permeable plasma membrane. The count 

from this sample represented the true count of the dead cells per mL in the sample. 

 The 100 µL sample was used to count total cells (live and dead) per mL by disrupting all 

cells to render all nuclei susceptible to staining with propidium iodine. Cell suspensions were 

treated with 100 µL of a low-pH lysis buffer (Reagent A100, 910-0003; ChemoMetec; Bohemia, 

New York), agitated for 10 seconds, followed by 100 µL of a pH-stabilizing buffer (Reagent B, 

910-0002; ChemoMetec; Bohemia, New York) for a total volume of 300 µL. After treatment with 

both reagents, the cassette was used to aspirate the same fixed volume of cell suspension and cell 

number was counted. The count from this sample represented a three-fold dilution count of all 

cells per mL in the sample, and was multiplied by 3 to calculate the total cell count per mL. Dead 

cell count was then subtracted from this total per mL in order to calculate total viable cells per mL 

of sample for each cell line using the equation: 

 Nlive = 3(Ndiluted) - Ndead 

   

 where Nlive = total viable cells per mL 

  Ndiluted = three-fold diluted total cell count per mL 

  Ndead = dead cell count per mL 
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Total viable cell counts were calculated per mL and then approximately 2.625x106 live cells were 

seeded into T525 flasks (Corning 525 cm² 3-layer #353143; Corning, Inc; Glendale, Arizona) for 

a plating density of 5,000 cells/cm2. The total number of T525 flasks seeded depended on total cell 

counts from each cell line. 

 

3.2.3 Cell Expansion 

Cell lines were expanded for 3-5 passages (total of 5-7 passages including initial isolation, 

expansion and harvesting) until a total of approximately 1.2x109 live cells was achieved, and were 

then harvested, counted, and cryopreserved as previously described in order to generate 12 

identical doses of 1x108 cells (as a combination of 5 cell lines) for intravenous injection, as well 

as two sets of control samples of each cell line at 3x106 cells per sample for the purposes of 

crossmatching. Cell lines were expanded, passaged, and cryopreserved as five pure cell lines, and 

only mixed directly prior to counting and subsequent administration.  

 

3.2.4 USPIO Labeling (Molday ION Rhodamine B) 

When each cell line was in the final passage at approximately 60% confluency, 30% of flasks (6 

flasks from each of 5 sets) were selected via random number generator and the MSCs were labeled 

by incubating these flasks with ultra-small superparamagnetic iron oxide (USPIO) nanoparticles 

tagged with rhodamine B (Molday ION Rhodamine B; BioPAL, Incorporated; Worcester, 

Massachusetts) in culture medium for approximately 48 hours, at a USPIO concentration of 12.5 

µg/mL. At approximately 80% confluency, media was decanted from all flasks, and the cells were 

then rinsed 3 times with phosphate-buffered saline to remove non-internalized USPIO 

nanoparticles and residual media. Cells were harvested as previously described and total cell and 
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dead cell counts were performed on an automated cell counter (NucleoCounter 900-0004; 

ChemoMetec; Bohemia, New York) to calculate total live cell counts. 

 Total cell counts across all cell lines following expansion and labeling of all cells was 

approximately 1.45 x109 MSCs with approximately 2.80 x108 (19.3%) of them labeled. 

 

3.2.5 Cryopreservation 

After cell expansion and USPIO-staining of a subset of cells, all cells were cryopreserved 

following passage 5, 6, or 7 for storage. Following washing three times with PBS, the cells were 

harvested and the suspensions were centrifuged at 400g for 5 minutes to create a cell pellet. The 

supernatant was decanted and the cell pellet was re-suspended in hypothermic biopreservation 

media (CryoStor10; BioLife Solutions, Inc; Bothell, Washington) to a concentration of up to 1x107 

cells/mL. The cells were counted for pre-cryopreservation viability as described above, and 1-2 

mL aliquots (up to 2x107 cells maximum per vial) were aspirated into 2 mL cryogenic vials 

(Corning Externally Threaded Cryogenic Vials 430659 #09-761-71, Corning, Inc, Glendale, 

Arizona). Vials were then placed in freezing containers of isopropyl alcohol (Mr. Frosty Freezing 

Container, Thermo Fisher Scientific, Waltham, MA), which allowed for cooling of the vials by 

approximately 1°C per minute until -80°C was reached. The vials were stored at -80°C for 1-3 

days, after which time all vials were transferred to liquid nitrogen (-196°C) for storage prior to 

injection (approximately 1-3 months). 

 

3.2.6 MSC Viability 

To determine viability of cells following cryopreservation and thawing, vials containing the total 

cells to be injected into two horses were placed in a warm water bath (approximately 38°C) until 
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nearly thawed, then immediately transferred to a 50 mL conical centrifuge tube. Total live cell 

counts before cryopreservation and after cryopreservation for this solution (representing the dose 

for two horses) were used to calculate the percentage of MSCs that survived cryopreservation and 

remained intact and viable, classified as immediate post-thaw cryopreservation viability of cells 

(Table 3.1). This was done for each pair of horses (three times on day 0 and day 35). Post-thaw 

cryopreservation viability was calculated with the following formula: 

 Post-thaw cryopreservation viability percentage: 

 Pviable = ( Ncryo / Npre ) x 100 

  

where Pviable = percentage of viable cells following cryopreservation and thaw 

  Ncryo = number of viable cells following cryopreservation and thaw 

  Npre = number of viable cells prior to cryopreservation 

 

3.2.7 Mesenchymal Stromal Cell Administration and Monitoring 

For MSC administration, the 2-dose cell suspension (representing 5 cell lines) was evenly divided 

into each of two 60 mL syringes (one per horse) and sterile saline was then aspirated into each 

syringe until the final total volume per syringe to be given intravenously was 50 mL.  

Recipient horses were evaluated for general health by detailed physical examination prior 

to each administration. Six healthy adult mares (5 Standardbred, 1 Morgan, aged 5-15 years old) 

received 100 million cells in 50 mL solution on day 0 and again on day 35 of the study. For 

administration, a 16g catheter (BD Angiocath #382259 IV Catheter, 16-gauge, 5.25 inch; Becton, 

Dickinson and Company; Mississauga, Ontario) was aseptically placed in the right jugular vein. 

The 50 mL of MSC suspension was administered as a bolus slowly over 2 minutes. Horses were 
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routinely evaluated for adverse reactions throughout the administration of MSCs, and by assessing 

vital parameters for the following 2 hours after MSC administration.  

Sampling was performed both pre- and post-injection on multiple occasions (Table 3.2), in 

order to assess the impact of MSCs on recipient physiological and immunological response as well 

as for MSC distribution to the lung. Blood was collected for complete blood count, serum 

biochemistry profile, lymphocyte phenotyping and antibody analysis. Bronchoalveolar lavage was 

performed to detect changes associated with MSC administration and to determine whether MSCs 

were able to cross the blood:alveolar membrane to enter the airspace. Lung biopsy was done to 

assess for MSCs in the lung parenchyma and to record any resulting chronic changes to lung tissue. 

 

3.2.8 Hematology And Biochemistry 

Blood samples were collected from the jugular vein using commercially available serum and 

EDTA blood collection tubes (BD Vacutainer blood collection tubes; Becton, Dickinson and 

Company; Mississauga, ON) and samples were submitted to the Animal Health Laboratory at the 

University of Guelph for complete and differential blood cell counts, cell morphological 

interpretation by a clinical pathologist, and serum biochemistry. 

 

3.2.9 Bronchoalveolar Lavage Procedure 

Sedation was administered intravenously using a combination of butorphanol and xylazine dosed 

according to body weight and animal temperament. The BAL catheter tube (BAL300 BAL 10 mm 

OD; 2.5 mm ID; 300 cm [120 in] tube; MILA, International; Florence, Kentucky) was passed via 

nasotracheal route attached to a 60 mL syringe with 50 mL of 0.3% dilute lidocaine (Teligent 

Canada, Alveda Pharmaceuticals; Toronto, Ontario). Approximately 25 mL of dilute lidocaine was 
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administered at the approximate level of the carina, and the remaining 25 mL was administered 

once resistance was felt and the BAL catheter was wedged. Once this resistance was felt, the distal 

balloon was inflated with approximately 5-10 mL of air. Using 60 mL syringes, 250 mL total of 

sterile 0.9% saline was sequentially administered and then aspirated back through the BAL tube, 

for retrieval of at least 50% of the originally administered volume. This 250 mL wash of saline 

was performed twice for a total volume of 500 mL per BAL. All BALF from an individual horse 

was combined into a sterile container and a 10 mL aliquot was sent for processing.  

 BALF samples were submitted to the Animal Health Laboratory at the University of 

Guelph total nucleated cell count, cell differential counts and cell morphological interpretation 

performed under Wright's stain by a board-certified clinical pathologist (author DB). 

 

3.2.10 Lymphocyte Immunophenotyping 

Blood lymphocyte immunophenotyping was performed by the Animal Health Laboratory, 

University of Guelph. Briefly, erythrocyte lysis was performed on whole blood, followed by 

labeling of the leukocytes with antibodies to equine lymphocyte surface markers and flow 

cytometric analysis. 

 

3.2.10.1 Erythrocyte Lysis 

Erythrocyte lysis buffer stock solution consisted of 8.02 g NH4Cl, 1 g KHCO3, 100 µL of 0.5M 

EDTA dissolved in 95 mL of double-distilled water (ddH2O), with the pH adjusted to 7.3. The 

stock solution was stored at 4°C. Immediately prior to use, the lysis buffer was diluted 10-fold by 

adding 1 mL of lysis buffer to 9 mL of (ddH2O) in a 15 mL centrifuge tube. Flow cytometry buffer 
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consisted of 490 mL phosphate-buffered saline (PBS), 5 mL of 0.5 M EDTA, 5 mL horse serum, 

and 0.065 g Na azide, with the pH then adjusted to 7.4. 

 A 25 µL aliquot of EDTA-blood was placed into each of 4 flow cytometry tubes per blood 

sample, and 350 µL of 1x erythrocyte lysis buffer was added to each tube to disrupt erythrocyte 

cell membranes. Following brief vortexing, the tubes were incubated at room temperature for 5 

minutes, followed by the addition of 1 mL of flow cytometry buffer to each tube. The samples 

were centrifuged at 500 g for 10 minutes, and the supernatant was decanted. The pellet was 

loosened, and directly conjugated fluorescent antibodies were added. 

 

3.2.10.2 Lymphocyte Staining 

For lymphocyte immunophenotyping, each sample was stained with antibodies to detect 8 different 

lymphocyte surface markers (Table 3.3). The cells were incubated with two antibodies each in 4 

tubes for 15 minutes at 4 °C, then 1 mL of flow buffer was added to the tube followed by 

centrifugation for 10 minutes. The supernatant was decanted and the final pellet was resuspended 

in 500 µL of flow cytometry buffer. 

 

3.2.10.3 Flow Cytometry 

Samples were analyzed in a FACSCanto flow cytometer (Becton, Dickinson and Company; 

Mississauga, ON) equipped with a blue (488 nm), red (633 nm) and violet (405 nm) laser calibrated 

daily with control fluorescent beads (Becton, Dickinson and Company; Mississauga, ON), and the 

data was analyzed with FACSDiva software (Becton, Dickinson and Company; Mississauga, ON). 

All samples were processed within 4 hours of submission, and 10,000 events per tube were 

acquired following gating on lymphocytes. Results of the analysis were reported as the percentage 
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of labeled lymphocytes per 10,000 cells, and absolute numbers were derived by correlating results 

to the complete blood cell counts. 

 

3.2.11 Anti-MSC Antibody Detection 

In order to test for the development of antibodies against the MSCs in recipients after receiving 

one and two doses of MSCs, pre- and post-MSC injection serum samples at 4 time points were 

also submitted to the Borjesson Lab (University of California-Davis, School of Veterinary 

Medicine) for crossmatching against the donor cell lines. Serum was collected from the jugular 

vein at each time point in the same manner as described above, left to clot for 30-120 minutes at 

ambient temperature within the laboratory, followed by serum separation by centrifugation at 2000 

RPM for 5 minutes. Once separated, the serum was divided into two serum tubes, then stored at -

20 C for up to 3 months prior to shipment for evaluation using the lab’s established Flow 

Cytometric Crossmatch Assay as described previously in the literature (Owens 2016). 

 

3.2.12 Lung Biopsy 

Sedation with xylazine and butorphanol was administered intravenously according to body weight 

and animal temperament. The right hemithorax was visualized using ultrasonography (IBEX EVO 

with L7HD probe; E.I. Medical Imaging; Loveland, Colorado) for lung biopsy site selection along 

the seventh or eighth intercostal space, approximately 5 cm dorsal to the caudoventral edge of the 

lung at end expiration at rest. Following aseptic preparation and local anesthesia (3 mL of 2% 

lidocaine), the skin was incised using a #15 blade. To further reduce tissue friction during biopsy, 

a 10g catheter (BD Angiocath #382287 IV catheter, 10-gauge, 3 inch; Becton, Dickinson and 

Company; Mississauga, ON) was inserted at the cranial aspect of the rib and advanced through the 
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skin, muscle layers, and parietal pleura in a craniomedial direction, providing a portal through 

which to pass the biopsy needle. The 14g, 15-inch biopsy needle (PGI SuperCore 1415 semi-

automatic biopsy instrument; Products Group International, Incorporated; Lyons, Colorado) was 

inserted through the catheter and advanced approximately 2-3 cm past the catheter tip and into the 

lung parenchyma. Three to five samples of lung parenchyma were obtained for an approximate 

total length of 2 cm of lung tissue. All tissue samples from a single individual were placed in 

formalin for 24 hours prior to processing and staining with hematoxylin and eosin (H&E) and Perls 

Prussian blue for interpretation. 

 

3.3 Statistical Analysis 

All data were analyzed for normality with a Shapiro-Wilk test and examination of the residuals; 

for all data not normally distributed, log transformation was applied to meet the assumption of 

normality, except in the case of data recorded in percentages (percentage of eosinophils in BALF 

data) in which case Logit transformation was applied. A single data set (serum amyloid A) 

remained not normally distributed despite attempting these transformations, therefore non-

transformed data was used for analysis for this parameter.  

 For all data with multiple time points, repeated measures analysis of variance was 

performed, with the fixed effect of “day” and repeated effect of “time.” First order autoregressive 

(AR1) covariance structure was used to model the repeated measures. This best structure was 

determined by Akaike Information Criterion (AIC). Significance was set at p < 0.05, however 

based on the small sample size and power for some tests, statistical trends with p < 0.1 are also 

reported. If the overall F-test was significant, post hoc Dunnett’s test was applied to compare “day” 

back to the baseline time point using adjusted p-values.  
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3.4 Results 

All data is reported as least squares mean values and 95% confidence limits with associated F-test 

p-values, followed by adjusted p-values using a Dunnett’s test where relevant to further explore 

statistically significant effects between each day and baseline day -7. Summaries of all statistics 

can be found in Appendix 3.1 and data sets can be found in Appendix 3.2 - 3.7. 

  

3.4.1 Physical Examination and Vital Parameters  

All horses showed no change from baseline for vital parameters post-MSC injection, with the 

exception of one horse (Horse C) which showed tachycardia (up to 60 beats per minute) and 

tachypnea (up to 40 breaths per minute) at the first evaluation immediately following 

administration. Total duration of the elevated vital parameters in this horse was approximately 10 

minutes. No other alterations in vital parameters were noted during any of the 2-hour monitoring 

periods for the 11 other doses administered (2 per horse, 35 days apart) during this study. 

 

3.4.2 Complete Blood Cell Counts 

No statistical significance was noted in any of the CBC parameters evaluated including total white 

blood cell count (p = 0.1229), absolute value of neutrophils (p = 0.1021) and absolute value of 

lymphocytes (p = 0.1982). 

 

3.4.3 Equine Serum Biochemistry Profiles 

Within the serum biochemistry results, the following parameters were analyzed statistically to 

detect any changes over time relating to hepatic function or inflammatory response: glutamate 



 
 

 
 

55 

dehydrogenase (GLDH), aspartate aminotransferase (AST), gamma-glutamyltransferase (GGT), 

alkaline phosphatase (ALP), and serum amyloid A (SAA). 

 Statistical significance was noted by F-test for the hepatocellular enzymes GLDH (F-test p 

= 0.0298; Figure 3.1) and AST (F-test p = 0.0146; Figure 3.2). 

 When the Dunnett’s post-hoc test was applied for GLDH using adjusted p-values, no changes 

over time reached significance. In contrast, further evaluation by post hoc Dunnett’s test confirmed 

statistically significant changes for AST, with a significant decrease from day -7 baseline (mean 

AST = 315.83 U/L, 296.95 - 334.72) for all horses at day 7 (p = 0.0494; mean AST = 278.67, CL 

259.78 - 297.55), day 38 (p = 0.0464; mean AST = 278.33, CL 259.45 - 297.22), day 42 (p = 

0.0053, mean AST = 267.50, CL 248.61 - 286.39), day 49 (p = 0.0100; mean AST = 270.50, CL 

251.61 - 289.39), and day 62 (p = 0.0330; mean AST = 276.50, CL 257.61 - 295.39). 

 No statistical significance on F-test was noted in the biliary parameters of the serum 

biochemical profile (GGT p = 0.1708 and ALP p = 0.7009). 

 A significant change in SAA was seen (F-test p < 0.0001; Figure 3.3). Post hoc Dunnett’s 

test confirmed statistically significant increase in SAA from day -7 baseline (p < 0.0001; mean 

SAA = 0.01 mg/L, CL 0.00126 - 0.079) at day 38 (p < 0.0001; mean SAA = 14.9994, CL 1.89538 

- 118.701) and day 42 (p = 0.0015; mean SAA = 3.7328 mg/L, CL 0.47169 - 29.540). 

 

3.4.4 Bronchoalveolar Lavage Cell Differentials 

For bronchoalveolar lavage data, F-test statistical comparisons were made for total nucleated cell 

count, percentage of macrophages, lymphocytes, neutrophils, and eosinophils in BAL fluid over 

time, as well as the percentage of cells containing hemosiderin in BAL fluid. 
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 Statistical significance was noted in the F-test p-values of percentage of macrophages (p = 

0.0152; Figure 3.4), percentage of lymphocytes (p = 0.0004; Figure 3.5), and percentage of 

eosinophils (p = 0.0485; Figure 3.6). 

  Dunnett’s test confirmed significance for percentage of macrophages and showed a 

significant change from day -7 baseline (mean macrophages = 64.1667%, CL 60.1114 - 68.2219 

%) for all horses at day 36 (p = 0.0019; mean macrophages = 52.8333 %, CL 48.7781 - 56.8886 

%) and day 38 (p = 0.0069; mean macrophages = 54.1667 %, CL 50.1114 - 58.2219 %). 

 Percentage of lymphocytes was also significant on post-hoc Dunnett’s test, with a significant 

change from day -7 baseline (mean lymphocyte = 31.1667 %, CL 27.5264 - 34.8069 %) for all 

horses at day 7 (p = 0.0357; mean lymphocyte = 38.5000 %, CL 34.8598 - 42.1402 %), day 36 (p 

= 0.0001, mean lymphocyte = 43.8333 %, CL 40.1931 - 47.4736 %), day 38 (p = 0.0016; mean 

lymphocyte = 41.5000 %, CL 37.8598 - 45.1402), and day 42 (p = 0.0158, mean lymphocyte = 

39.3333 %, CL 35.6931 - 42.9736 %). 

 Despite the significant F-test for percentage of eosinophils, a Dunnett’s test of the data 

suggested the presence of a trend, but statistical significance was not reached on this post hoc test. 

No statistical significance on F-test was noted in the BAL parameters representing total nucleated 

cell count (TNCC; p = 0.7788), percentage of neutrophils (p = 0.1659), percentage of mast cells 

(p = 0.1609), or of hemosiderin-containing cells (p = 0.6545) within the BALF. 

 

3.4.5 Lymphocyte Immunophenotyping 

Six cluster of differentiation (CD) cell surface markers were analyzed on blood lymphocytes (CD3, 

CD4, CD5, CD8, CD18, CD21) as well as the presence of major histocompatibility complex II 

(MHCII). Ratios between CD4+ and CD8+ cells were also examined. Statistical significance was 
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noted in the F-tests for CD8+ cells (p = 0.0003, Figure 3.7), CD21+ cells (p < 0.0001, Figure 3.8), 

and CD4+:CD8+ ratio (p < 0.0001, Figure 3.9). CD18 was not evaluated statistically, as this 

marker was common to all leukocytes, and yielded approximately 100% labeling in all samples. 

 Dunnett’s post hoc test confirmed a significant increase for percentage of CD8+ cells from 

day -7 baseline (mean CD8+ cells = 38.23%, CL 25.72 - 50.74 %) to day 36 (p = 0.0115; mean % 

CD8+ cells = 67.60 CL 55.09 - 80.11 %). 

 Percentage of CD21+ cells showed a significant change from day -7 baseline (mean % of 

CD21+ cells = 7.60 %; CL 4.85 - 10.36 %) for all horses at day 28 (p < 0.0001; mean % of CD21+ 

cells = 20.89 %; CL 18.14 - 23.65 %), day 36 (p < 0.0001; mean % CD21+ cells = 17.30 %; CL 

14.54 - 20.05 %), day 38 (p < 0.0001; mean % CD21+ cells = 22.08 % CL 19.32 - 24.84 %), day 

42 (p = 0.0037; mean % CD21+ cells = 14.86 % CL 12.10 - 17.61 %), and day 62 (p < 0.0001; 

mean % CD21+ cells = 20.31 % CL 17.55 - 23.06 %).  

 Despite a significant F-test, Dunnett’s Test did not reach statistical significance with adjusted 

p-values for changes from baseline in the ratio of CD4+:CD8+ over time. 

 No statistical significance was noted in antibody labeling percentages over time for cell 

surface markers CD3 (p = 0.3494), CD4 (p = 0.6554), CD5 (p = 0.2644), or MHCII (p = 0.6609). 

 

3.4.6 Antibody Production 

The change in percentage of cells binding anti-MSC antibody is shown in Figure 3.10. These 

numbers represent that specific binding (background subtracted from total) is negligible. No 

statistical significance was noted in the antibody production parameters with an F-test p-value of 

0.0540. Although approaching statistical significance, at no time point is there a significant change 

from baseline day -7. 
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3.4.7 Percutaneous Lung Biopsy 

Percutaneous biopsies yielded lung parenchyma for 5 out of 6 horses sampled. In one horse, it was 

not possible to obtain lung tissue despite several attempts owing to excess body condition of the 

horse. Histopathology was performed on samples following 24-hours of formalin fixation and did 

not show evidence of Perls iron-positive MSCs in lung parenchyma with the exception of a single 

cell within an alveolus that was positive for iron. The cell morphology was not consistent with the 

appearance of a hemosiderophage and was suggestive of an MSC (Figure 3.11). 

 

3.5 Discussion  

A key objective of this study was to evaluate the safety of intravenously administered allogeneic 

cord-blood derived MSCs following two relatively large doses administered to horses 35 days 

apart, through assessment of clinical parameters as well as impact on blood and bronchoalveolar 

lavage fluid. Following the first MSC dose administration, one horse (Horse C) showed transient 

but marked elevation in vital parameters, with tachycardia and tachypnea appreciated immediately 

following administration which lasted for approximately 10 minutes and then resolved fully 

without intervention. Rectal temperature remained within normal reference range. At no other time 

during the 11 other doses administered over the course of the study, including the second dose for 

this horse, were resting heart rates or respiratory rates ever elevated above 44 beats per minute or 

24 breaths per minute, respectively. 

 This elevation in heart and respiratory rate on one horse at the time of first treatment raised 

concern for the prospect of more severe reaction on subsequent treatment, with type 1 

hypersensitivity reaction being possible based on the timeframe and procedures performed. Type 

2 and type 3 hypersensitivity reactions, both dealing with antigen-antibody interactions, are also a 
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concern for this type of equine biologic administration, however these reactions do not typically 

occur within the same immediate time frame as type 1 anaphylaxis and do not correlate with the 

clinical picture, given that no appreciable antibody was produced against the administered cell 

lines in any horse. A type 4 reaction was unlikely following administration of the first MSC dose, 

given that these horses had no prior history of MSC administration in any capacity.  

 Although we believe this reaction was a type 1 hypersensitivity reaction, a more probable 

cause of the reaction was exposure to endotoxin (lipopolysaccharide) resulting from cell 

preparation and handing, attributed to the species' exquisite sensitivity to endotoxin. This horse 

recovered within 10 minutes, required no treatment to resolve the clinical signs, and displayed no 

alteration in vital parameters or other clinical signs at the second dose of MSC administration 35 

days later. 

 

3.5.1 Complete Blood Cell Count 

The study presented here showed no clinically significant alterations on hematological parameters 

in healthy horses after two intravenous doses of 1x108 allogeneic cord-blood mesenchymal stromal 

cells, administered 35 days apart. These findings are consistent with the prior literature, where to 

the authors’ knowledge, no papers have demonstrated impact on hematology following 

intravenous dosing of cord-blood MSCs in healthy horses. Future studies should further assess for 

hematological changes resulting from administration of MSCs in diseased states, where the cell 

differentials of various leukocytes are altered. 
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3.5.2 Serum Biochemistry Profile 

In contrast to the lack of hematological changes seen in this study, the alterations in hepatic 

enzymes on serum biochemistry profiles post-MSC administration are of interest and warrant 

further consideration. 

 Serum AST showed significant decreases in the latter half of the study, beginning on day 

38 (3 days following the second MSC dose). This decrease fell below the reference range for AST 

(259-595 U/L), with the lowest recorded value being 241 U/L. Major sources of serum AST, a 

relatively non-specific intracellular aminotransferase, include muscle and liver, in addition to red 

blood cells. Although AST is stored as two isoenzymes, cytoplasmic and mitochondrial forms, and 

the mitochondrial form is only produced in hepatocytes (Hall 2012), isoenzyme differentiation is 

not routinely performed on standard equine or other veterinary serum biochemistry profiles 

(thereby making the testing non-specific by practice). That said, liver is the most abundant source 

of either isoenzyme of AST, with the mitochondrial (and organ-specific) isoenzyme only being 

released with marked cellular damage (Hall 2012). 

 Increased serum AST activity indicates cellular damage. There are indeed physiologic 

reasons why horses would have significantly decreased AST from earlier samples, but typically 

this would happen in an animal that already had elevated AST as the first sampling time point. For 

instance, samples from a horse in training compared to sample taken after the horse has left 

training. Exercise can increase serum activity of AST due to an increase in serum enzyme activity 

of muscle origin versus liver. Regardless of the tissue source, the levels in our study were never 

elevated, and decreases over time were much less than would be expected in a situation where 

physiologic causes were the contributing factor. 
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 Similar to the discussion on physiologic sources, pathologic alterations in AST result in 

elevations, not decreases, in the serum enzyme activity, such as with myopathies, liver disease, or 

in some cases with marked intravascular or in-vitro hemolysis. As these 6 horses were evaluated 

as healthy before and throughout the study, the possibility that they had sub-clinical, elevated AST 

(which were still within reference ranges), and then recovered during the study is unlikely.  

 Decreased hepatic mass has been considered as a reason for deceased serum enzyme 

activity, although serum AST activity is not strictly dependent on the size of the liver, but by the 

overall work done by the liver. Aging and geriatric horses are more likely to have decreased liver 

mass as seen on ultrasound examination (Johns 2016), as well as horses with right hepatic lobe 

atrophy, although the serum enzyme activities comparisons between subsets of these horses have 

not been reported and give no further insight to the serum enzyme activity. In fact, serum albumin 

and prothrombin time, although not liver specific, are more valuable in assessing liver size due 

their serum alteration being relative to liver volume. Until the liver mass decreases to a critical 

point, AST levels are not expected to decrease significantly. Furthermore, in humans with 

cirrhosis, for example, which represents both a decrease in healthy liver mass, and a destructive 

disease of the liver, AST levels are markedly increased. Therefore, based on this information, and 

the lack of any significant chance of pathology driving the decrease in AST, this study finding is 

of no known clinical significance. 

 GLDH showed a mild increase following the first dose of intravenous MSC administration, 

with 4/6 horses elevated beyond the reference range (1-7 U/L) and a maximum of 59 U/L in one 

horse. Two horses measured above the reference range (10 and 11 U/L) prior to any MSC 

administration, and one of those two horses was at or above the upper limit reference range for 
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every sample, although never registered higher than 15 U/L. None of these increases proved 

statistically significant but were suggestive of a trend. 

 GLDH is a mitochondrial enzyme seen in a variety of tissues, although the vast majority 

of serum GLDH originates from injured hepatocytes. There are fewer artifactual sources of GLDH 

than for AST and therefore the interpretation of GLDH is more straightforward. Of note, due to 

the location of the enzyme within the mitochondria, it typically takes a substantial insult to the 

hepatocyte to see an appreciable change in serum GLDH, therefore even a mild serum increase, 

like that seen in this study, may suggest more marked damage.  

 The marked increase in serum GLDH appreciated in one horse (Horse F), and mild 

increases in all others following the first dose of MSC administration, should be noted for future 

research utilizing MSCs. Although GLDH is a sensitive and specific marker for liver damage, it is 

non-specific for the pathology or nature of the disease. That said, the insult appeared to be a short 

duration or isolated event, due to the return to baseline by day 3 in consideration of the half-life of 

serum GLDH activity in the horse (12-24 hours). Minor elevations in GLDH were also seen after 

the second dose of MSCs in 5/6 horses, although again these were not significant. Of note, the 

horse (Horse C) that experienced the minor hypersensitivity reaction following administration of 

the first dose was not the same horse with the GLDH at 59 U/L at day 1 (Horse F). 

 Other sources such as toxic plants, specific drug administration, or viral insults can lead to 

various elevations in liver enzymes, although these tend to result in prolonged elevations of GLDH 

with appreciable clinical signs. The horses in this study did not change pasture or have other access 

to potential toxic plants throughout this study, and did not receive any drugs other than the sedation 

(xylazine, butorphanol) used for bronchoalveolar lavage and liver biopsy. While serum hepatitis 

has been linked in horses having received MSCs with no contemporary history of receiving other 
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equine biologics (Tomlinson 2019), further investigation implicated equine parvovirus (EqPV-H) 

contamination of the biologic solution as being the suspected causative agent. All MSCs donor 

sources used in our study underwent viral PCR testing for EqPV-H through Cornell University 

Animal Health Diagnostics Center (data not shown) prior to expansion and use in the lab, and all 

were negative. No other indications of other viral insult, hepatic or otherwise, was of concern in 

these horses. Based this, the cause of the transient and mild increase in GLDH seen after the first 

dose of MSCs remains unknown, warranting further investigation in future studies through 

functional hepatocellular tests or liver biopsies. 

 SAA was significantly elevated due to two horses on day 38 (1240.9 and 2314.3 U/L) and 

day 42 (380 and 1743.5 U/L), both following the second MSC administration (three days and seven 

days after administration, respectively). SAA remained elevated in these horses for two sampling 

days (day 38 and day 42) and was resolved by day 49. On the first of these two horses, SAA was 

also elevated on day 3 (107.6 U/L). There were very mild elevations in SAA on day 36, day 38, 

day 46, day 50 and day 57, with all horses in the study showing some elevation on at least 2 days, 

although none of the values for the other four horses was over 3.0 U/L (reference range: 0 - 20 

U/L) on these days. 

 Serum amyloid A is a positive acute phase protein and is released from the liver in response 

to inflammatory cytokines. Due to its rapid increase, and similarly rapid resolution following 

insult, SAA is a sensitive, reliable, and early indicator of inflammation in the horse. Increases after 

stimulation typically occur within 6 hours, and return to baseline commencing within 12 hours of 

resolution of the disease process or stimulation, with full return to baseline soon thereafter 

(Witkowska‐Piłaszewicz 2019). 
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 To the authors’ knowledge, no studies have been published regarding the development of 

SAA in response to MSC administration. Furthermore, while MSC administration could be a 

potential cause for the rise in SAA seen, it is likely that other factors related to the sampling 

performed in this study could have impacted SAA, such as bronchoalveolar lavage, IV catheter 

placement, or lung biopsy procedures, specifically the latter. Studies have looked at acute phase 

protein development within the BALF in calves (Coskun 2012), although made no assessment on 

the production of SAA or pulmonary amyloid A from the BAL procedure itself. Similarly, in 

healthy horses, serum amyloid A was compared with amyloid A in BALF (Di Filippo 2020), 

although again made no mention of the impact of the procedure itself. To the authors’ knowledge, 

there are no studies that evaluate the effects of the BAL procedure on the induction of pulmonary 

amyloid A or SAA in horses. That said, the deposition of saline and the minimal irritation caused 

by a correctly performed procedure likely elicit some degree of systemic inflammation. Of note, 

studies have shown very minimal alteration in cell differentials and no adverse clinical effects with 

BALs performed more than 24 hours apart (Tee 2012). However, this thesis was unable to correlate 

BAL to SAA development based on the time points and subsequent increases. Even though all 

blood sampling was performed prior to BAL on sampling days, and the shortest time frame 

between BAL procedures was 48 hours, there is a possibility that within that 48 hours SAA 

increased transiently, and then fell to baseline prior to the next sampling. Regardless if this is true, 

it does not explain the spike experienced by two horses (Horse A and E) on day 38 and day 42 

when BALs had not been performed.  

 Catheter placement results in damage to the skin and endothelium, eliciting a local 

inflammatory response and inflammatory cytokines which result in rapidly increased SAA from 

the liver following insult (Witkowska‐Piłaszewicz 2019). The indwelling intravenous catheters 



 
 

 
 

65 

used in our study for administration of MSCs were left in place for just the duration of the MSC 

administration and subsequent monitoring (up to 4 hours); the catheter was removed once direct 

venous access was no longer deemed necessary for administration of MSCs or any potential need 

for rescue therapy. SAA activity was not increased the day following catheter placement for either 

time point, with SAA being only increased significantly at 3 and 7 days following intravenous 

catheter placement (i.e. day 38 and day 42) and therefore not attributed to this particular procedure.  

 Lung biopsy on day 36 was performed following blood sampling for serum biochemistry 

profiles on the 6 horses, and these results from day 36 showed no significant elevation in SAA in 

any horse (before lung biopsy). SAA was markedly and significantly elevated on day 38 and day 

42, the two sampling days directly following the lung biopsy on day 36. As lung biopsy was the 

procedure with the most potential for tissue damage, and the time frame for SAA development 

correlates well with the procedure, the SAA increases in this study appear to come from 

inflammation incited in response to lung biopsy rather than being attributable to the actual MSC 

administration.  

 While alterations in these hepatocellular enzymes (AST, GLDH) and acute phase 

inflammatory protein (SAA) were seen, no changes were noted in GGT and ALP. Both of these 

enzymes increase with cholestasis, which may be the result of pre-hepatic, hepatic and post-hepatic 

abnormalities. Based on this difference in impact on hepatocellular versus biliary enzymes, MSC 

impact on cellular structure and homeostasis should be more closely examined in future studies, 

including use of liver function tests such as bile acid measurement, coagulation assays (activated 

clotting time, prothrombin time, and activated partial thromboplastin time all rely on clotting 

factors produced in the liver and could be prolonged with disease), bilirubin assessments, and liver 

biopsies to assess hepatocellular integrity.  
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3.5.3 Bronchoalveolar Lavage Fluid 

All iron-stained cells detected within the BALF cytology were morphologically consistent with 

iron-containing macrophages, termed hemosiderophages; none appeared to be a cell other than a 

macrophage, and none were consistent with USPIO-labeled MSCs when compared to pure-

cultured USPIO-labeled MSCs that went through routine BALF processing. Although direct 

comparison has never been reported between a hemosiderophage collected in BALF that 

underwent routine processing and an MSC that was intravenously administered, was subsequently 

collected in BALF, and underwent the same routine processing, attempts were made to handle all 

cells similarly to avoid processing effects compounding issues with interpretation. Although these 

cells were also labeled with the fluorescent dye rhodamine B, the cytospins from the BALF could 

not be read via routine fluorescence microscopy which made USPIO Molday ion labeling less 

effective as a research tool in this specific capacity. In future studies, utilizing a non-iron based 

label when studying MSCs in the equine lung may improve the ability to identify these cells in 

BALF, despite the common occurrence of hemosiderophages in performance horses in particular.  

 In terms of cell differentials, percentages of macrophages within the BALF deceased over 

time following the two doses of MSCs, whereas the percentage of lymphocytes increased, leading 

to a decrease in the macrophage:lymphocyte ratio within bronchoalveolar lavage fluid. Although 

no absolute numbers can be obtained for these cell types without using a dilution adjustment 

measure (which was not collected), the total nucleated cell count (TNCC) did not change and 

suggests that both the actual numbers and percentages of these cell types changed inversely 

proportional to each other to result in a statistically unchanged TNCC. This change in 

macrophage:lymphocyte ratio was noted on day 28 (4 weeks after initial MSC administration) and 

persisted throughout the duration of BAL sampling in the study. It is not possible to definitively 
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attribute this altered ratio to changes in one cell type over the other, with either increased 

lymphocytes, decreased alveolar macrophages, or both being potential causes. 

 Studies tracking cell differentials of BALF demonstrated that lymphocytes and 

macrophages show inconsistent minor increases and decreases over time that were deemed 

clinically insignificant (Tee 2012). No statistically significant changes in cell types were seen on 

repeated BAL sampling, and it has been concluded that properly performed serial BALs have no 

impact on BALF interpretation if performed more than 24 hours apart (Tee 2012). The closest that 

any two BALs in our study were to each other was approximately 48 hours apart, and as such, the 

timing and frequency of the BAL procedure is an unlikely cause for the altered 

macrophage:lymphocyte ratio, but rather this trend in altered ratio over time represents a true 

finding. 

Relatively little is known about the cause of increased lymphocytes in the BALF other than 

in pulmonary lymphoma. In dogs, lymphocytic inflammation was seen in animals with airway 

collapse and bronchomalacia (Johnson 2010, Singh 2012), although these findings were not 

consistent across the literature. Of note, an increase percentage of lymphocytes dog BALF is 

defined as differentials >7-20% of TNCC, but in horses the typical lymphocyte percentage is 

approximately 30-50% in clinically healthy animals, making any direct correlation to studies in 

dogs difficult.  

 Alveolar macrophages are phagocytic cells within the alveoli and mediate innate immunity 

in the lower respiratory system. A decrease in the percentage of macrophages, especially in the 

absolute number of macrophages within the lung and alveolar fluid, might reflect reduced innate 

defenses. 
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 A possible cause for the change in lymphocyte and macrophage percentages seen in our 

study is a potential MSC influence on cellular versus humoral immunity, the implications of which 

are unknown at this time. To further investigate this, future studies should focus on the changes in 

these cell types over time, tracking more specifically what the long-term effects are, and whether 

they return to baseline or remain altered following administration.  

Based on our current study and the time points of BAL sampling, it is not possible to 

determine when these percentages eventually trend back toward baseline. In retrospect, tracking 

these BALF changes further beyond the second dose, to see if or when they return to baseline 

following a treatment, and whether the effects of MSC administration are further compounded, 

alleviated, or unchanged by an additional series of MSC injections, would be valuable information 

in establishing the long-term effects of single and serial administration of MSCs for treatment or 

therapy. Further studies assessing changes in macrophage:lymphocyte ratio in BAL fluid of horses 

in disease states, where the percentage or absolute numbers of these cell types in the lung are 

already altered, may further help to understand the pathophysiology behind the alterations in BAL 

fluid macrophage:lymphocyte ratio seen in our study. 

 

3.5.4 Lymphocyte Immunophenotyping 

Only a single day (day 28) showed a statistically significant decrease in CD8+ cells, and no 

statistical change in CD4+ was seen throughout the study. However, the ratio of CD4+:CD8+ cells 

showed a decreasing trend over time, albeit this observation was not statistically significant. 

Specifically, the CD4+:CD8+ ratio on days 7, 36, and 38 suggested an increase in CD8+ relative 

to CD4+ cells, indicating a shift from T-helper cells (CD4+) toward cytotoxic T-cells (CD8+). 

Down-regulation of these two cell types and their pro-inflammatory mediators are thought to be 
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part of the immunomodulatory effects of MSCs (Carrade 2012). Our study mostly showed trends 

in regard to CD4+ and CD8+ and did not achieve statistical significance. 

 The percentage of CD21+ cells increased over the course of the study, most notably during 

the second half of sampling time points, starting at day 28 (one week prior to the second dose). 

CD21 is a lymphocyte marker representing B-cell lymphocytes, cells that participate in the 

humoral immunity component of the adaptive immune system by producing plasma cells and 

therefore antibodies in response to antigen presentation. With the percentage of CD21+ cells 

increasing, and with stable CD5+ cell percentages (representing T-lymphocytes), the ratio of B:T 

lymphocytes appeared to increase over the course of the study, although this was not evaluated 

statistically. The increase in B-lymphocytes is curious because of the lack of overall anti-MSC 

antibody production, although these would not necessarily be related.  

Although the consequences of these alterations in immunophenotype are unknown at this 

time, understanding the actual effects of MSC administration in-vivo, in addition to in-vitro, will 

help understand the clinical significance and application of the anti-inflammatory effects of these 

cells. 

 No changes in CD3+, CD4+, CD5+, and MHCII+ cells were seen throughout the study, 

although with CD3 being a marker for total lymphocytes, this was not expected to change.  

 

3.5.5 Antibody Production 

MSCs were initially thought to be immune-privileged and would not incite a host immune 

response, although more recent data suggests that rather they may be immune-evasive (Ankrum 

2014) since studies have shown the development of antibodies against bone marrow, peripheral 

blood, and adipose tissue-derived MSCs injected in horses (Pezzanite 2015, Owens 2016). In a 
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study using the same assay as this thesis, the number of horses developing anti-MSC antibodies 

depended on their source and route of administration and ranged from 10-100% of horses, with 

horses receiving bone-marrow MSC displaying the highest antibody production and highest 

percentage of horses seroconverting (100% of 4 horses, Owens 2016). To the authors’ knowledge, 

the present study is the first to assess systemic antibody titers following use of cord blood-derived 

MSCs. A low and non-significant peak in anti-MSC antibody values was seen in 5 of 6 horses two 

weeks after the first MSC administration, a reasonable timeline for general primary antibody 

production. A power calculation was subsequently performed to determine the number of subjects 

that would be required to avoid making a type II error. With such low-level antibody production, 

6 animals on the pairwise comparison yielded a power of under 20%. To achieve a power just 

under 90%, 40 animals would be needed, and for a power of 95%, over 50 animals would be 

needed due to such minimal antibody production, which was far beyond the scope of this thesis.  

Based on this thesis and the available literature, cord-blood MSCs, even administered at 

high doses given in a two-dose series, do not elicit the same robust antibody response as other 

tissue sources evaluated. Given the finding of negligible antibody response seen after two doses in 

the current study, these cells could prove to be a more universally suitable donor source should 

cord-blood MSCs prove to be both highly beneficial to research or the clinical settings. In 

particular, the negligible antibody production seen here suggests that these represent the preferred 

MSC source when contemplating serial treatments with MSCs, to minimize risk of adverse 

immunological responses on repeat dosing. 

The specific protocol of administering the MSCs in our study (i.e. 6 horses receiving the 

same dose at the same time via the same route) was quite different from prior studies, making 

direct comparisons across the literature difficult. While multiple studies have contributed to this 
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aspect of MSC literature, gaps remain in the existing knowledge due to differences in sources of 

MSCs, administration protocol, and injection-series duration. 

 For cells and protocols that do result in robust antibody development, the timeframe for 

seroconversion or seroeversion (the point where antibodies, which were at one time present, are 

no longer appreciable in serum) will be interesting questions to answer. If severe hypersensitivity 

reactions are appreciated during the research and development of stromal cell therapies, the clinical 

implications of seroeversion, could be major determinants for treatment protocols. 

 One final consideration of note to the low antibody response seen in the current study is 

that the cells used to evaluate antibody production against MSCs in this study were randomly 

selected from the sets of cryopreserved vials, rather than being aliquots taken from the actual cell 

suspensions just prior to MSC injection. Although these cells were treated identically to the cells 

injected, they were passaged an additional time prior to cryopreservation and were shipped on dry 

ice. Whether or not this additional passage and shipping had any effect on the MSCs, and therefore 

the identification of specific anti-MSC antibodies, is unknown. Additional studies should be able 

to elucidate whether these processing alterations resulted in sufficient changes in the cells such 

that the antibodies tested were different than the sera antibodies from the treatment animals. That 

said, if anti-MSC antibody development is so sensitive and specific, the development of antibodies 

to a unique MSC source (at a defined passage, using standardized processing, etc.) may render the 

development of antibodies clinically irrelevant in situations where donor sources are changing. 

However, studies have demonstrated that anti-MSC antibodies may cross-react with various donor 

sources, and therefore may further complicate administration. As such, some have advocated for 

the use of crossmatching, similar to RBC crossmatching prior to transfusion, in order to avoid 

complications during MSC administration (Owens 2016). 
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3.5.6 Lung Biopsies 

To optimize the chances of detecting MSCs via lung biopsy, the biopsies were performed 

approximately 18 hours after IV administration of the second dose of MSCs in our study, with the 

intent to allow sufficient time for MSCs to become trapped and theoretically migrate into and 

through the lung parenchyma, and into the alveolar space. Of the 6 biopsies taken, 5 were of 

excellent quality and demonstrated a good return on our modified technique with the 10g catheter 

acting as a guide through the chest wall, hence reducing tissue drag on the biopsy needle. Although 

no MSCs were appreciated in the BALF following staining with Perls Prussian blue, one suspected 

MSC was observed in the lung biopsies. This one cell noted within the alveolus of a biopsy sample 

was positive for iron staining but lacked the typical morphology of an iron-containing macrophage 

(“hemosiderophage”) and therefore was suspected to represent a USPIO-labeled MSC. The low 

rate of yield of MSCs likely reflects the small sampling from such a large organ that the MSC dose 

could be distributed throughout. Another limitation to the retrieval of MSCs via lung biopsy or 

through BALF in this study was that only a portion (approximately 20%) of cells were labeled and 

could therefore be picked up by iron-staining, fluorescence, or MRI. An increased number, 

regardless of the proportion, would likely help in finding these cells within body tissues. 

 While only a single MSC cell was detected in our study, it seems reasonable that MSCs 

would exit pulmonary capillaries to enter the lung parenchyma, similar to the literature showing 

that MSCs enter the surrounding tissue when injected into the vasculature of distal limbs (Sole 

2016). Based on the anatomy and minimal cell layers separating the capillaries and lumen of the 

alveolus, finding MSCs within this space would be of little surprise. Further investigation is 

warranted to definitely prove MSCs in the alveolar space or BALF fraction, as a single iron-labeled 
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cell in an environment with the potential for iron-stained cells of intrinsic origin, is tenuous 

evidence.  

 

3.6 Conclusion 

Cord-blood mesenchymal stromal cells appear safe for intravenous jugular injection in the horse. 

Repeat administration of 100 million cell doses as two doses, given 35 days apart, did not elicit 

any severe hypersensitivity reaction or induce clinically relevant changes in hematology or serum 

biochemistry parameters. Further research into trends and deviations of serum hepatic enzyme 

activity is warranted, as well as longer tracking for the development of anti-MSC antibodies in 

response to using various tissue sources for MSCs is warranted. Furthermore, understanding the 

relevance of alterations in lymphocyte immunophenotype, in particular the CD4+:CD8+ ratio over 

time, is needed to more fully understand the implications of serial treatment with MSCs. Lastly, 

the use of different labels, in particular non-iron based labels, combined with increased number of 

labeled cells per dose, may help with identifying these cells in either BALF or lung biopsies, 

confirming their presence in these tissues of the horse. 
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Table 3.1: Time table of sampling performed prior to and following two 
intravenous injections of USPIO-labeled MSCs into six healthy mares 

Day 
Serum 

Biochemistry 
Profile 

Complete 
Blood 
Cell 

Count 

Lymphocyte 
Immuno-

phenotyping 

Broncho-
alveolar 
Lavage 

Serum 
Antibody 
Testing 

Lung 
Biopsy 

-7 X X X X X  

0 IV injection of MSCs (100 mill) 
1 X X X X   

3 X X X X   

7 X X X X   

28 X X X X X  

35 IV injection of MSCs (100 mill) 
36 X X X X  X 
38 X X X X   

42 X X X X   

49 X X   X  

62 X X X  X  
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Table 3.2: Total combined USPIO-labeled and  

unlabeled MSC counts at the time of IV injection 

Dose Horse TOTAL CELLS 
per mL 

TOTAL DEAD 
per mL 

TOTAL ALIVE 
per mL 

TOTAL ALIVE 
per dose 

1 A & B 4,332,000 323,000 4,009,000 100,225,000 
1 C & D 5,109,000 327,000 4,782,000 119,550,000 
1 E & F 4,413,000 445,000 3,968,000 99,200,000 
     Dose 1 mean: 106,325,000 
       

2 A & B 4,734,000 403,000 4,331,000 108,275,000 
2 C & D 4,674,000 364,000 4,310,000 107,750,000 
2 E & F 4,788,000 404,000 4,384,000 109,600,000 
     Dose 2 mean: 108,541,667 

 

Table 3.3 Fluorescent antibodies used for equine blood lymphocyte 
phenotyping 

Tube Antibody/Stain Clone Source 
1 7AAD     

 CD21-PE Ca2.1D6 BioRad MCA1781 
2 CD4-FITC CVS4 BioRad MCA1078F 
  CD8-PE CVS21 BioRad MCA1080PE 
3 CD5-FITC CVS5 BioRad MCA1079F 
  CD18-A647 CA1.4E9 BioRad, MCA1780GA 
4 MHC II-FITC CVS20 BioRad MCA1085F 
  CD3-A647 F6G UC Davis 
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Figure 3.1 : Changes in serum GLDH (U/L) over time following two 
intravenous injections of MSCs in 6 horses 
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F-test p = 0.0298,

however post hoc Dunnett’s test did 

not reach significance for any time point.
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Figure 3.2 : Changes in serum AST (U/L) over time following two 
intravenous injections of MSCs in 6 horses 
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F-test p = 0.0146.
Post hoc Dunnett’s test showed significant (*) decrease from day -7 

baseline at day 7 (p = 0.0494), day 38 (p =  0.0464), day 42 (p = 
0.0053), day 49 (p = 0.0100), and day 62 (p = 0.0330).

*                                                     *      *           *                     *
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Figure 3.3 : Changes in serum amyloid A (U/L) over time following two 
intravenous injections of MSCs in 6 horses 

Horse A Horse B Horse C

Horse D Horse E Horse F

-7                     0 1    3           7                                                                28                 35 36 38         42                  49                                     62

DAYS FROM FIRST INJECTION

|                                                      ||

| first injection on day 0 || second injection on day 35

S
A

A
 (U

/L
)

F-test p < 0.0001.
Post hoc Dunnett’s test showed significant (*) increase from day -7 

baseline at day 38 (p < 0.0001) and day 42 (p = 0.0015).

*      *
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Figure 3.4 : Changes in percentage of macrophages in BALF over time 
following two intravenous injections of MSCs in 6 horses 
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F-test p = 0.0152,

Post hoc Dunnett’s test showed significant (*) decrease from day -7 

baseline at day 36 (p = 0.0019) and day 38 (p = 0.0069).

*    *
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Figure 3.5 : Changes in percentage of lymphocytes in BALF over time 
following two intravenous injections of MSCs in 6 horses
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F-test p = 0.0004.
Post hoc Dunnett’s test showed significant (*) increase from day -7 

baseline for all horses at day day 7 (p = 0.0357), day 36 (p = 0.0001),

day 38 (p = 0.0016), and day 42 (p = 0.0158).

*                                                                      *    *        *
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Figure 3.6 : Changes in percentage of eosinophils in BALF over time 
following two intravenous injections of MSCs in 6 horses
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F-test p = 0.0485,
however post hoc Dunnett’s test did 

not reach significance for any time point.
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Figure 3.7 : Changes in percentage of CD8+ lymphocytes over time 
following two intravenous injections of MSCs in 6 horses 
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F-test p = 0.0003.
Post hoc Dunnett’s test showed significant (*) decrease from day -7 

baseline at day 36 (p = 0.0115).
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Figure 3.8 : Changes in percentage of CD21+ lymphocytes over time 
following two intravenous injections of MSCs in 6 horses
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F-test p < 0.0001.
Post hoc Dunnett’s test showed significant (*) increase from day -7 

baseline for all horses at day 28 (p < 0.0001), day 36 (p < 0.0001), day 
38 (p < 0.0001), day 42 (p = 0.0037), and day 62 (p < 0.0001).

*             *  *     *                                  *
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Figure 3.9 : Changes in the ratio of CD4+:CD8+ lymphocytes over time 
following two intravenous injections of MSCs in 6 horses 
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not reach significance for any time point.
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Figure 3.10 : Changes in the % of cells labeled by anti-MSC antibodies 
over time following two intravenous injections of MSCs in 6 horses 
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Figure 3.11 : Image of a prepared lung biopsy sample with a single cell stained with Perls Prussian blue residing inside the alveoli of 

the pulmonary paranchyma 
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4 Chapter 4: Recommendations for Future Research: Utilizing Mesenchymal Stromal 

Cells to Treat Inflammatory Lung Diseases 

 

4.1 Thesis Summary 

Through the experiments described in chapters 2 and 3 of this thesis, additional evidence has been 

provided to build upon earlier published literature regarding intravenously administered 

mesenchymal stromal cells (MSCs) in the horse. Chapter 2 of this thesis provided information 

regarding the preparation, labeling, processing, and cryopreservation of labeled MSCs for 

intravenous injection. Chapter 3 further added to the literature with information regarding safety 

of administering a second dose, investigated the changes to lymphocyte immunophenotypes 

following administration of allogeneic MSCs, and contributed further insight into the development 

of antibodies following intravenous administration of allogeneic MSCs. While specific 

hematologic parameters were shown to be unchanged following MSC administration in this 

experiment, several biochemical alterations were noted, specifically trends in an acute phase 

inflammatory protein and liver enzymes, underscoring the need to further understand hepatic 

impacts associated with MSC administration, including any potential for inducing hepatitis. 

Finally, the destination of intravenously injected MSCs was explored, although strong evidence of 

their presence in pulmonary parenchyma or alveolar space was evasive. 

 

4.2 Future Directions 

Since the start of this project, interest in MSCs for soft tissue therapies continues to expand. 

Moving beyond tendinopathies and desmopathies, researchers in equine medicine are using MSCs 

and MSC-free conditioned media and protein serum derivatives in ischemic, renal, gastrointestinal, 

cardiac, and neurologic diseases of the horse (D’souza 2015, Hoogduijn 2018, MacDonald 2020). 
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Most pertinent to this thesis, researchers are beginning to investigate MSC therapies in exercise-

induced pulmonary hemorrhage (EIPH), further intensified recently by the decision to ban 

furosemide in Kentucky Derby points races (Kentucky Horse Racing Commission, Public 

Protection Cabinet, June 8, 2021). 

 In addition to the research on established diseases, investigators are turning to MSC therapy 

for novel applications. Coincidentally, some of the in-vitro and all of the in-vivo work for this 

project was performed during the novel SARS-CoV-2 (COVID-19) pandemic, a viral 

inflammatory disease primarily affecting the respiratory system of mammals, especially humans. 

As such, MSC therapy was a focus of treatment for some COVID-affected patients as well. Some 

of this research was included in the literature review of chapter 1, but at the time of writing, much 

of the evidence was anecdotal or yet to be published, with research data in this field still being 

collected during the ongoing pandemic. 

Future directions for MSC use in horses include the need to continue to build out 

foundation literature to help fully understand the safety profile and mechanisms of action of these 

cells, even as more advanced research and clinical applications continue to move forward. Topics 

of focus should include encouraging accurate nomenclature in the literature, thereby allowing 

replication of studies and appropriate translation between studies for systemic reviews and meta-

analyses, alternate methods to study MSC trafficking through the body and in particular to the 

lung, further safety studies on hepatic effects in the clinical context, functional tests of the impact 

of MSCs on immunological parameters, and clinical application to pulmonary inflammatory 

disorders in the horse. 
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4.3 Improving MSC Nomenclature and Reporting 

There are basic aspects of MSC research that need to be addressed immediately in order to retain 

scientific integrity within the explosive amount of research that has been published in recent years. 

Despite generally accepted naming schemes for MSCs in human and animal research established 

in 2005, issues with reported nomenclature within the literature continue to add confusion to 

comparison of studies and diminish the contributions of stem and stromal cell work overall. 

Layperson and casual scientific use of the term stem cell in some publications and in reference to 

commercial or proprietary products currently available, has led to misrepresentation or 

misinterpretation of findings. Even over fifteen years after the first papers were published defining 

stem versus stromal cell (Horwitz 2005, Dominici 2006), the misidentification continues. This 

matters not just for accuracy, but in the ability to translate experimental results; when cell sources 

are misidentified and when processes are inaccurately reported, the body of literature is weakened 

substantially. 

 

4.4 Improving Practices for the MSC Research Community 

Stem and stromal cell research is both in its infancy and experiencing explosive growth. This 

paradox has led to considerable clinical and experimental trials being conducted without first 

achieving some basic understanding of these cells. Although this thesis attempted to help 

understand the impact of mesenchymal stromal cells, additional questions and challenges arose 

within these pages too, as have been similarly appreciated elsewhere in the literature.  

 Specifically, complications with labeling cells for tracking and the use of USPIO-based 

labels has led to difficulty in disassociation during harvesting, yielding decreased cell numbers 

among other minor issues. Moving forward, additional work should focus on optimizing labeling 
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practices, use of the most effective labels, and improved processing of these labeled cells (i.e. 

harvesting, dissociation protocol). Although Molday ion has been shown to be superior to other 

labels in both ease of labeling and overall percentage of cells labeled, multiple studies have now 

demonstrated issues with harvesting and overall cell numbers obtained (Bourzac 2014, 

Umashankar 2016, Rizzo 2017). As tracking studies will likely remain critical to understanding 

the nature and destinations of these cells, determining ideal labeling protocols will benefit the field 

of study greatly.  

 In addition to understanding these cells and their mechanisms, understanding different 

administration techniques can benefit the advancement of methods for focused therapy. For 

instance, in diseases of the lung, the use of direct, endoscopic administration to the lung versus 

intravenous administration, and the consequences of those choices in regard to overall clinical 

safety, should be further explored and understood. If the main target of therapy is the pulmonary 

lining or within the alveolus, for instance, direct inoculation within the lung through endoscopy, 

modified BAL catheter tubes, or nebulization could be considered rather than intravenous 

administration, in an effort to potentially reduce systemic implications of MSC administration. 

Furthermore, the impact of each system needs to take into account not just the consequences of 

the cells to the subject, but of the consequences of the system to the cells. For example, 

nebulization of live cells or conditioned media may kill the cells or denature the proteins rendering 

the system useless in efficient delivery of the MSC therapy. As advances in research develop and 

explore alternatives, such as ultrasonic nebulization, these hurdles may be overcome, underscoring 

the need to evaluate and re-evaluate delivery systems for MSCs as the technology advances. 

 



 
 

 
 

91 

4.5 Alternate Methods to Study MSC Trafficking Through the Body 

To continue work utilizing labels for tracking MSC throughout the body, improved labeling 

methods will help remove ambiguity when attempting to identify cells in various body tissues. The 

use of combination labels (i.e., labels with both iron and fluorescent dye) are useful in their ability 

to label, but also add a second layer of identification to further differentiate cell types. When cells 

are tagged with labels that overlap the normal physiologic processes in-vivo (i.e., iron-containing 

macrophages and iron-labeled MSCs), the benefit of these labels is truncated. Identifying the 

sampling environment of these cells and factoring that into the choice of labels will help avoid 

these complications. As well, exploring the utility of other labels for MSC tracking at various sites 

within the body is needed to expand researchers’ capacity to adapt to the specific conditions of 

their study design and intent when labeling MSCs for tracking purposes. 

 Cell number per dosage will also be critical to further explore and understand for a myriad 

of reasons pertaining to effective treatment dosage, safety of repeated injections of very large 

numbers of MSCs (1x109 or more) and the possibility of type 1, 2 or 3 hypersensitivity reactions. 

Identifying the appropriate dosage and standardizing that for further research (i.e., by body weight 

or surface area), will not only help advance the clinical application of these cells and their treatment 

of disease, but will also provide consistency between studies allowing for comparisons of findings 

across the literature. Although clearly a goal of stromal cell research, much of this information will 

come from the investigation of specific disease processes, and therefore it will likely take 

significant time to develop these guidelines.  

 Aside from the label itself, identifying ideal sampling procedures for each cell type will 

likely improve the recovery percentage of these tracked cells. For instance, laparoscopic wedge 

biopsy rather than cutting-needle biopsy of the lung could help achieve a larger mass of sample 
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tissue, thereby increasing the chances of recovery of MSCs in tracking studies. For whatever tissue, 

location, or environment studied, ideal practices to enhance sample collection should continue to 

be investigated.  

 

4.6 Functional Tests for Studying the Impact of MSCs  

The true impact of MSCs on the immune system and the body as a whole remains unknown at this 

time. This thesis emphasized the need for further investigation of MSC systemic effects with 

regards to the alteration in serum biochemistry, changes to lymphocyte immunophenotypes and 

development of anti-MSC antibodies seen. In some cases, such as with the measurement of bile 

acids for assessing the liver, functional tests exist and should be further investigated to help 

understand the impact of these cells on organ systems. 

 In the cases of lymphocyte immunophenotypes and antibody production, functional tests 

either don’t exist for routine in-vivo use or have yet to be developed for these purposes. Due to the 

complexity of the immune system and the vast interactions between immune system components, 

the information gleaned from studies will likely be piecemeal, and require significant time and 

resources. Especially regarding systems as complex as the immune system, attempting to translate 

findings between species will require standardizing as many variables as possible, a goal touched 

on earlier in this chapter and thesis.  

 

4.7 Potential Use of MSCs in Diseases of Pulmonary Inflammation 

MSCs have shown promise for use in immunomodulation and in supporting an anti-inflammatory 

systemic response (Eggenhofer 2014, MacDonald 2020). Based on existing information in the 

MSC literature, and the information obtained from the experiment in chapter 3 of this thesis, MSCs 
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appear to be safe for serial intravenous injection in the horse. Diseases of pulmonary inflammation 

are therefore a potential target for MSC therapy in this species.  

 

4.7.1 Exercise-Induced Pulmonary Hemorrhage 

Exercise-induced pulmonary hemorrhage (EIPH) is a disease typically affecting high-performance 

animals where they bleed from the lungs during intense exercise. In the case of EIPH management, 

the major focus has been on reducing the risk factors that contribute to the pathophysiology. 

Methods to reduce inflammation (NSAIDS, steroids), to lessen pulmonary pressure (diuretics, 

especially furosemide, alone or in combination with other therapies), and to reduce trans-

pulmonary pressure by optimizing upper airway flow (nasal strips) have been explored and 

compared (Hinchcliff 2009, Sullivan 2015). 

 Furosemide is the preferred prophylactic in the racing industry (Hinchcliff 2009, Sullivan 

2015, Hinchcliff 2015) although this medication is banned as a pre-race substance in most racing 

jurisdictions, with North America being an exception at present. All Kentucky Derby winners 

between 1997 and 2020 have won on furosemide, although even these major racing states like 

Kentucky are phasing out furosemide, with 2-year-olds running without pre-race treatment as 

implemented in 2020. Beginning in 2021, Kentucky no longer allows pre-race treatment with 

furosemide in graded stakes races. The 147th running of the Kentucky Derby (2021) represented 

the first time since the 1970s where no horses raced for the roses with administration of race-day 

diuretics. 

 Resulting from this industry change, there is an enormous economic and welfare-driven 

push to identify alternate EIPH therapeutics. Current investigations into the etiology of EIPH 

concern both chronic pulmonary inflammation and capillary failure as possible causes, and there 
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may be a link between the two. Attenuating inflammation, such as with mesenchymal stromal 

cells, may ultimately prove beneficial in reducing pulmonary changes, therefore limiting lung 

pressure and force changes, and ultimately reducing EIPH (Williams 2008). 

 

4.7.2 Equine Asthma 

Equine asthma is an umbrella term used to encompass both inflammatory airway disease (IAD) 

and severe equine asthma (SEA, previously “recurrent airway obstruction,” RAO), both well-

established pulmonary inflammatory diseases of the horse. SEA and IAD are characterized by 

excessive accumulation of inflammatory cells and mucus in the airways. Horses with IAD and 

horses with less severe or un-exacerbated SEA typically show exercise intolerance at a minimum, 

although horses with exacerbated SEA may be so severely affected that quality of life is a concern. 

In consideration of the pathophysiology of IAD and SEA, general effect on the equine industry, 

and potential for therapeutic benefits to the quality of life in affected horses, use of MSCs to 

attenuate the pathology and clinical impact on both of these diseases warrants further investigation. 

 

4.7.3 Acute Lung Injury and Acute Respiratory Distress Syndrome 

Acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) result from a variety of 

systemic or local pulmonary insults that initiate an imbalance of pro- and anti-inflammatory 

responses along with an activated pulmonary endothelium and derangement of the coagulation 

cascade. These factors combine to favor uncontrolled pulmonary inflammatory and widespread 

coagulation in the alveoli and pulmonary microcirculation. Furthermore, a neonatal disease 

presentation termed neonatal equine respiratory distress syndrome (NERDS) was described with 

similar origins in inflammation dysregulation (Wilkins 2007). Although these conditions represent 
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less-prevalent diseases with fewer ethical animal models for study, ALI and ARDS may represent 

diseases where use of MSCs in these animals may warrant investigation, due to the underlying 

mechanism of dysregulation of the immune response.  

 

4.7.4 Additional Targets of MSC Therapy 

Additional inflammatory diseases that may benefit from MSC therapy include equine multi 

nodular pulmonary fibrosis (EMPF), a progressive lung disease of immune dysregulation and 

pulmonary fibrosis more recently associated with the presence of equine herpes virus type 5 (EHV-

5) infection (Williams 2013, Couëtil 2016, Pusterla 2017). 

 Silicosis is a disease manifesting as pulmonary inflammation from inhalation and 

deposition of crushed silica within the alveoli, resulting in granulomatous inflammation, oxidative 

stress, and apoptosis that lead to chronic pulmonary fibrosis. 

 Smoke and burn injuries can result in massive inflammation due to smoke inhalation injury 

within the lung, and often thermal and burn injuries within the upper respiratory tract and along 

the body. An unchecked inflammatory cascade following these injuries can result in pulmonary 

microvascular damage and exacerbate pulmonary edema within an already compromised system, 

which often leads to ALI/ARDS. Steroids and NSAIDS are typically utilized in these cases, and 

an additional therapeutic modality such as MSCs to regulate inflammation could serve to benefit 

these horses. 

 

4.8 Additional Non-Pulmonary Inflammatory Diseases of the Horse 

Beyond the lung, systemic and local inflammatory disease are additional obvious targets for 

therapy. Either through systemic circulation via arterial routes, by intravenous routes after 
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diminishing the effects of the “pulmonary first pass effect,” or by selective, local deposition of 

MSCs, these cells could have a dramatic effect on diseases affecting various organ systems. 

Inflammatory bowel disease, cellulitis, uveitis, and laminitis are all examples of diseases in the 

horse where devastating inflammatory processes may be attenuated through an anti-inflammatory 

environment supported by mesenchymal stromal cells. Infectious diseases such as Streptococcus 

equi infections (“strangles”) may benefit from MSC therapy and help control the intense 

recruitment of inflammatory cells to the lymph nodes. Systemic inflammatory response syndrome 

(SIRS) is another clear target of anti-inflammatory therapies, and could be further investigated for 

treatment with MSCs. 

 

4.9 Conclusion 

The information from this thesis added to the collective MSC literature and will help advance the 

field by providing information on both laboratory practices and clinical applications of these cells. 

Chapter 2 of this thesis further confirmed that MSCs readily stain with USPIO, allowing for a 

labeled, trackable cell for in-vivo research. In addition, labeled MSCs were shown to survive 

cryopreservation and thaw without affecting viability of the cells immediately post-thaw.  

 Chapter 3 of this thesis provided further information on the overall safety of intravenously 

administered MSCs in a two-dose series, showing no significant hematologic changes over time 

while underscoring the need to further evaluate the effects of MSC administration on the liver, 

especially in regard to the hepatocellular enzymes. In addition, information regarding changes in 

systemic lymphocyte immunophenotypes over time, and the development of low titers of anti-

MSC antibodies to the administered cells, was presented. Finally, attempts were made to track and 
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locate these cells within the lung, with weak but encouraging evidence of MSCs within the alveoli 

of the lung following intravenous administration.  

Mesenchymal stromal cells offer exciting possibilities for soft tissue therapies, however, 

without understanding the mechanisms of these cells, the safety, and the overall effects, 

researchers will be forced to group dissimilar data to best answer clinical questions. Deeper 

understanding of these cells will lead to more advances in the literature and more progress in the 

clinic, with proper disease selection for investigation crucial in moving the research forward and 

demonstrating any possible medical advances and advantages of these cells. 
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APPENDICES 

 
 
APPENDIX 2.1 
Doubling times 
 

The UNIVARIATE Procedure 
Variable: diffdouble 

 
                                         Moments 
 
             N                           7    Sum Weights                  7 
             Mean               -0.3814286    Sum Observations         -2.67 
             Std Deviation      0.37733401    Variance            0.14238095 
             Skewness           -1.0911485    Kurtosis            -0.0552817 
             Uncorrected SS         1.8727    Corrected SS        0.85428571 
             Coeff Variation    -98.926519    Std Error Mean      0.14261885 
 
 
                                Basic Statistical Measures 
 
                      Location                    Variability 
 
                  Mean     -0.38143     Std Deviation            0.37733 
                  Median   -0.28000     Variance                 0.14238 
                  Mode       .          Range                    0.98000 
                                        Interquartile Range      0.68000 
 
 
                                Tests for Location: Mu0=0 
 
                     Test           -Statistic-    -----p Value------ 
 
                     Student's t    t  -2.67446    Pr > |t|    0.0368 
                     Sign           M      -3.5    Pr >= |M|   0.0156 
                     Signed Rank    S       -14    Pr >= |S|   0.0156 
 
 
                                   Tests for Normality 
 
                Test                  --Statistic---    -----p Value------ 
 
                Shapiro-Wilk          W     0.849681    Pr < W      0.1221 
                Kolmogorov-Smirnov    D     0.236929    Pr > D     >0.1500 
                Cramer-von Mises      W-Sq   0.08456    Pr > W-Sq   0.1524 
                Anderson-Darling      A-Sq  0.494458    Pr > A-Sq   0.1435 
 
 
                                 Quantiles (Definition 5) 
 
                                  Level         Quantile 
 
                                  100% Max         -0.06 
                                  99%              -0.06 
                                  95%              -0.06 
                                  90%              -0.06 
                                  75% Q3           -0.07 
                                  50% Median       -0.28 
                                  25% Q1           -0.75 

  



 
 

 
 

111 

APPENDIX 2.1 
Cryopreservation viability 
 

Type 3 Tests of Fixed Effects 
 
                                         Num     Den 
                           Effect         DF      DF    F Value    Pr > F 
 
                           group           1       3       0.08    0.7975 
 
 
                                        Least Squares Means 
 
                              Standard 
  Effect   group   mean      Error     DF   t Value   Pr > |t|    Alpha      Lower      Upper 
 
  group    c         994500      38949.75   3     27.07     0.0001     0.05     877586    1111414 
  group    m         987000      34382.65   3     26.87     0.0001     0.05     870086    1103914 
 
 
                                 Differences of Least Squares Means 
 
                                    Standard 
   Effect  group  _group  Estimate     Error    DF  t Value  Pr > |t|   Alpha     Lower     Upper 
 
   group   c      m        7500.00     26760     3     0.28    0.7975    0.05    -77661     92661 
 
 
                                        Tests for Normality 
 
                     Test                  --Statistic---    -----p Value------ 
 
                     Shapiro-Wilk          W     0.921104    Pr < W      0.4389 
                     Kolmogorov-Smirnov    D     0.195013    Pr > D     >0.1500 
                     Cramer-von Mises      W-Sq  0.062847    Pr > W-Sq  >0.2500 
                     Anderson-Darling      A-Sq  0.360601    Pr > A-Sq  >0.2500 
 
 
                                 Type 3 Tests of Fixed Effects 
 
                                         Num     Den 
                           Effect         DF      DF    F Value    Pr > F 
 
                           group           1       3       0.08    0.7975 
 
 
                                        Least Squares Means 
 
                              Standard 
  Effect   group   Estimate      Error     DF   t Value   Pr > |t|    Alpha      Lower      Upper 
 
  group    c        5500.00      36737      3      0.15     0.8905     0.05    -111414     122414 
  group    m          13000      36737      3      0.35     0.7468     0.05    -103914     129914 
 
 
                                 Differences of Least Squares Means 
 
                                    Standard 
   Effect  group  _group  Estimate     Error    DF  t Value  Pr > |t|   Alpha     Lower     Upper 
 
   group   c      m       -7500.00     26760     3    -0.28    0.7975    0.05    -92661     77661 
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Appendix 2.2 : Doubling Times During USPIO-Labeling of Equine Cord-Blood Mesenchymal 
Stromal Cells 

Identifier 
START Cell 

Count 
FINISH Cell 

Count 
TIME 
(hr) 

GROWTH 
RATE 

DOUBLING 
TIME (days) 

1 Control 375,000 2,497,500 144 0.0132 2.19 

1 Labeled 375,000 1,543,500 144 0.0098 2.94 

2 Control 375,000 18,427,500 144 0.0270 1.07 

2 Labeled 375,000 14,935,000 144 0.0256 1.13 

3 Control 375,000 18,090,000 144 0.0269 1.07 

3 Labeled 375,000 14,238,000 144 0.0253 1.14 

4 Control 375,000 4,063,500 144 0.0165 1.75 

4 Labeled 375,000 3,514,500 144 0.0155 1.86 

5 Control 375,000 6,178,500 144 0.0195 1.48 

5 Labeled 375,000 3,960,000 144 0.0164 1.76 

6 Control 875,000 7,458,000 120 0.0179 1.62 

6 Labeled 875,000 3,214,000 120 0.0108 2.66 

7 Control 875,000 6,458,000 120 0.0167 1.73 

7 Labeled 875,000 4,598,000 120 0.0138 2.09 
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Appendix 2.3 : USPIO-Labeled & Control Cell Counts of Equine Cord-Blood 
Mesenchymal Stromal Cells Post-Thaw Following Cryopreservation of 1x106 Cells 

Identifier 
Cell Count  

Prior to 
Cryopreservation 

Count for 
NON-VIABLE 

Cells 

Count 
for ALL Cells 
(diluted x3) 

Count 
for ALL 

Cells 

ALIVE 
COUNT 

1 Control 1,000,000 31,000 303,000 909,000 878,000 

1 Labeled 1,000,000 189,000 365,000 1,095,000 906,000 

3 Control 1,000,000 25,000 350,000 1,050,000 1,025,000 

3 Labeled 1,000,000 68,000 380,000 1,140,000 1,072,000 

4 Control 1,000,000 26,000 354,000 1,062,000 1,036,000 

4 Labeled 1,000,000 76,000 349,000 1,047,000 971,000 

5 Control 1,000,000 38,000 359,000 1,077,000 1,039,000 

5 Labeled 1,000,000 84,000 361,000 1,083,000 999,000 
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APPENDIX 3.1 
CBC - TOTAL WBC 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             9      45       1.68    0.1229 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       1.8431     0.05489      45      33.58      <.0001      0.05      1.7325      1.9536 
         day        1       1.9614     0.05489      45      35.73      <.0001      0.05      1.8508      2.0719 
         day        3       1.9212     0.05489      45      35.00      <.0001      0.05      1.8107      2.0318 
         day        7       1.8168     0.05489      45      33.10      <.0001      0.05      1.7062      1.9273 
         day       28       1.8220     0.05489      45      33.19      <.0001      0.05      1.7115      1.9326 
         day       36       1.9377     0.05489      45      35.30      <.0001      0.05      1.8272      2.0483 
         day       38       1.9345     0.05489      45      35.24      <.0001      0.05      1.8240      2.0451 
         day       42       1.8940     0.05489      45      34.51      <.0001      0.05      1.7835      2.0046 
         day       49       2.0495     0.05489      45      37.34      <.0001      0.05      1.9389      2.1601 
         day       62       1.9373     0.05489      45      35.29      <.0001      0.05      1.8267      2.0478 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7      0.1183   0.07763    45     1.52    0.1345  Dunnett       0.5610    0.05  -0.03805    0.2746 
    day      3   -7     0.07814   0.07763    45     1.01    0.3195  Dunnett       0.9013    0.05  -0.07821    0.2345 
    day      7   -7    -0.02632   0.07763    45    -0.34    0.7362  Dunnett       0.9999    0.05   -0.1827    0.1300 
    day     28   -7    -0.02105   0.07763    45    -0.27    0.7875  Dunnett       1.0000    0.05   -0.1774    0.1353 
    day     36   -7     0.09463   0.07763    45     1.22    0.2292  Dunnett       0.7791    0.05  -0.06171    0.2510 
    day     38   -7     0.09145   0.07763    45     1.18    0.2450  Dunnett       0.8059    0.05  -0.06490    0.2478 
    day     42   -7     0.05093   0.07763    45     0.66    0.5151  Dunnett       0.9917    0.05   -0.1054    0.2073  
    day     49   -7      0.2064   0.07763    45     2.66    0.0108  Dunnett       0.0693    0.05   0.05006    0.3628 
    day     62   -7     0.09417   0.07763    45     1.21    0.2314  Dunnett       0.7831    0.05  -0.06218    0.2505 
 
 
                         Effect    day    Estimate      StdErr       LL       Median       UL 
 
                          day      -7       1.8431     0.05489    5.65497    6.31603    7.05435 
                          day       1       1.9614     0.05489    6.36512    7.10918    7.94023 
                          day       3       1.9212     0.05489    6.11456    6.82933    7.62767 
                          day       7       1.8168     0.05489    5.50809    6.15197    6.87112 
                          day      28       1.8220     0.05489    5.53716    6.18444    6.90738 
                          day      36       1.9377     0.05489    6.21627    6.94294    7.75455 
                          day      38       1.9345     0.05489    6.19651    6.92086    7.72990 
                          day      42       1.8940     0.05489    5.95045    6.64605    7.42296 
                          day      57       2.0495     0.05489    6.95143    7.76403    8.67163 
                          day      62       1.9373     0.05489    6.21338    6.93971    7.75095 
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APPENDIX 3.1 
CBC - ABSOLUTE NEUTROPHILS 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             9      45       1.76    0.1021 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       1.2438     0.08624      45      14.42      <.0001      0.05      1.0701      1.4175 
         day        1       1.4668     0.08624      45      17.01      <.0001      0.05      1.2931      1.6405 
         day        3       1.4012     0.08624      45      16.25      <.0001      0.05      1.2275      1.5749 
         day        7       1.2495     0.08624      45      14.49      <.0001      0.05      1.0758      1.4232 
         day       28       1.1683     0.08624      45      13.55      <.0001      0.05      0.9946      1.3420 
         day       36       1.4957     0.08624      45      17.34      <.0001      0.05      1.3220      1.6694 
         day       38       1.4461     0.08624      45      16.77      <.0001      0.05      1.2724      1.6198 
         day       42       1.3430     0.08624      45      15.57      <.0001      0.05      1.1693      1.5167 
         day       49       1.4879     0.08624      45      17.25      <.0001      0.05      1.3142      1.6616 
         day       62       1.3425     0.08624      45      15.57      <.0001      0.05      1.1688      1.5162 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7      0.2230    0.1220    45     1.83    0.0741  Dunnett       0.3599    0.05  -0.02264    0.4687 
    day      3   -7      0.1573    0.1220    45     1.29    0.2036  Dunnett       0.7304    0.05  -0.08831    0.4030 
    day      7   -7    0.005673    0.1220    45     0.05    0.9631  Dunnett       1.0000    0.05   -0.2400    0.2513 
    day     28   -7    -0.07550    0.1220    45    -0.62    0.5390  Dunnett       0.9944    0.05   -0.3212    0.1702 
    day     36   -7      0.2519    0.1220    45     2.07    0.0447  Dunnett       0.2388    0.05  0.006239    0.4975 
    day     38   -7      0.2023    0.1220    45     1.66    0.1041  Dunnett       0.4667    0.05  -0.04333    0.4480 
    day     42   -7     0.09916    0.1220    45     0.81    0.4205  Dunnett       0.9680    0.05   -0.1465    0.3448 
    day     49   -7      0.2441    0.1220    45     2.00    0.0514  Dunnett       0.2682    0.05  -0.00159    0.4897 
    day     62   -7     0.09869    0.1220    45     0.81    0.4227  Dunnett       0.9689    0.05   -0.1470    0.3443 
 
 
                         Effect    day    Estimate      StdErr       LL       Median       UL 
 
                          day      -7       1.2438     0.08624    2.91569    3.46881    4.12685 
                          day       1       1.4668     0.08624    3.64413    4.33543    5.15787 
                          day       3       1.4012     0.08624    3.41253    4.05990    4.83007 
                          day       7       1.2495     0.08624    2.93228    3.48854    4.15033 
                          day      28       1.1683     0.08624    2.70366    3.21655    3.82674 
                          day      36       1.4957     0.08624    3.75092    4.46248    5.30902 
                          day      38       1.4461     0.08624    3.56952    4.24667    5.05227 
                          day      42       1.3430     0.08624    3.21964    3.83041    4.55705 
                          day      57       1.4879     0.08624    3.72168    4.42770    5.26764 
                          day      62       1.3425     0.08624    3.21812    3.82860    4.55490 
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APPENDIX 3.1 
CBC - ABSOLUTE LYMPHOCYTES 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             9      45       1.44    0.1982 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       0.8037     0.08982      45       8.95      <.0001      0.05      0.6228      0.9847 
         day        1       0.7807     0.08982      45       8.69      <.0001      0.05      0.5998      0.9616 
         day        3       0.6957     0.08982      45       7.75      <.0001      0.05      0.5148      0.8766 
         day        7       0.7784     0.08982      45       8.67      <.0001      0.05      0.5975      0.9593 
         day       28       0.9097     0.08982      45      10.13      <.0001      0.05      0.7288      1.0906 
         day       36       0.6810     0.08982      45       7.58      <.0001      0.05      0.5001      0.8619 
         day       38       0.6713     0.08982      45       7.47      <.0001      0.05      0.4904      0.8522 
         day       42       0.8385     0.08982      45       9.33      <.0001      0.05      0.6576      1.0194 
         day       49       0.9865     0.08982      45      10.98      <.0001      0.05      0.8056      1.1674 
         day       62       0.9209     0.08982      45      10.25      <.0001      0.05      0.7400      1.1018 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7    -0.02302    0.1270    45    -0.18    0.8570  Dunnett       1.0000    0.05   -0.2789    0.2328 
    day      3   -7     -0.1080    0.1270    45    -0.85    0.3996  Dunnett       0.9587    0.05   -0.3639    0.1478 
    day      7   -7    -0.02536    0.1270    45    -0.20    0.8427  Dunnett       1.0000    0.05   -0.2812    0.2305 
    day     28   -7      0.1060    0.1270    45     0.83    0.4087  Dunnett       0.9630    0.05   -0.1499    0.3618 
    day     36   -7     -0.1227    0.1270    45    -0.97    0.3391  Dunnett       0.9190    0.05   -0.3786    0.1331 
    day     38   -7     -0.1324    0.1270    45    -1.04    0.3028  Dunnett       0.8839    0.05   -0.3883    0.1234 
    day     42   -7     0.03473    0.1270    45     0.27    0.7858  Dunnett       1.0000    0.05   -0.2211    0.2906 
    day     49   -7      0.1828    0.1270    45     1.44    0.1571  Dunnett       0.6228    0.05  -0.07307    0.4386 
    day     62   -7      0.1171    0.1270    45     0.92    0.3614  Dunnett       0.9361    0.05   -0.1387    0.3730 
 
 
                         Effect    day    Estimate      StdErr       LL       Median       UL 
 
                          day      -7       0.8037     0.08982    1.86420    2.23390    2.67691 
                          day       1       0.7807     0.08982    1.82179    2.18307    2.61600 
                          day       3       0.6957     0.08982    1.67332    2.00517    2.40282 
                          day       7       0.7784     0.08982    1.81753    2.17797    2.60989 
                          day      28       0.9097     0.08982    2.07256    2.48358    2.97610 
                          day      36       0.6810     0.08982    1.64889    1.97589    2.36773 
                          day      38       0.6713     0.08982    1.63300    1.95685    2.34492 
                          day      42       0.8385     0.08982    1.93009    2.31285    2.77152 
                          day      57       0.9865     0.08982    2.23807    2.68191    3.21377 
                          day      62       0.9209     0.08982    2.09588    2.51152    3.00959 
  



 
 

 
 

117 

APPENDIX 3.1 
SBP - GLDH 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             9      42       2.35    0.0298 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       1.7644      0.2179      42       8.10      <.0001      0.05      1.3246      2.2043 
         day        1       2.5625      0.2179      42      11.76      <.0001      0.05      2.1227      3.0024 
         day        3       1.6519      0.2179      42       7.58      <.0001      0.05      1.2121      2.0917 
         day        7       1.5479      0.2179      42       7.10      <.0001      0.05      1.1080      1.9877 
         day       28       1.4259      0.2669      42       5.34      <.0001      0.05      0.8873      1.9646 
         day       36       1.8161      0.2179      42       8.33      <.0001      0.05      1.3763      2.2560 
         day       38       1.4033      0.2179      42       6.44      <.0001      0.05      0.9635      1.8431 
         day       42       1.6519      0.2179      42       7.58      <.0001      0.05      1.2121      2.0917 
         day       49       1.6815      0.2387      42       7.04      <.0001      0.05      1.1997      2.1633 
         day       62       2.0506      0.2179      42       9.41      <.0001      0.05      1.6108      2.4904 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7      0.7981    0.3082    42     2.59    0.0132  Dunnett       0.0839    0.05    0.1761    1.4201 
    day      3   -7     -0.1125    0.3082    42    -0.37    0.7169  Dunnett       0.9999    0.05   -0.7345    0.5095 
    day      7   -7     -0.2165    0.3082    42    -0.70    0.4862  Dunnett       0.9878    0.05   -0.8386    0.4055 
    day     28   -7     -0.3385    0.3446    42    -0.98    0.3316  Dunnett       0.9163    0.05   -1.0339    0.3570 
    day     36   -7     0.05169    0.3082    42     0.17    0.8676  Dunnett       1.0000    0.05   -0.5703    0.6737 
    day     38   -7     -0.3611    0.3082    42    -1.17    0.2479  Dunnett       0.8168    0.05   -0.9832    0.2609 
    day     42   -7     -0.1125    0.3082    42    -0.37    0.7169  Dunnett       0.9999    0.05   -0.7345    0.5095 
    day     49   -7    -0.08296    0.3233    42    -0.26    0.7987  Dunnett       1.0000    0.05   -0.7353    0.5694 
    day     62   -7      0.2862    0.3082    42     0.93    0.3585  Dunnett       0.9370    0.05   -0.3358    0.9082 
 
 
                         Effect    day    Estimate      StdErr       LL       Median       UL  
 
                          day      -7       1.7644      0.2179    3.76066     5.8382     9.0636 
                          day       1       2.5625      0.2179    8.35376    12.9688    20.1335 
                          day       3       1.6519      0.2179    3.36044     5.2169     8.0990 
                          day       7       1.5479      0.2179    3.02844     4.7015     7.2989 
                          day      28       1.4259      0.2669    2.42846     4.1618     7.1323 
                          day      36       1.8161      0.2179    3.96017     6.1480     9.5444 
                          day      38       1.4033      0.2179    2.62076     4.0686     6.3163 
                          day      42       1.6519      0.2179    3.36044     5.2169     8.0990 
                          day      57       1.6815      0.2387    3.31899     5.3735     8.6997 
                          day      62       2.0506      0.2179    5.00668     7.7726    12.0666 
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APPENDIX 3.1 
SPB - AST 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             9      45       2.66    0.0146 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       315.83      9.3768      45      33.68      <.0001      0.05      296.95      334.72 
         day        1       295.67      9.3768      45      31.53      <.0001      0.05      276.78      314.55 
         day        3       282.00      9.3768      45      30.07      <.0001      0.05      263.11      300.89 
         day        7       278.67      9.3768      45      29.72      <.0001      0.05      259.78      297.55 
         day       28       299.33      9.3768      45      31.92      <.0001      0.05      280.45      318.22 
         day       36       297.83      9.3768      45      31.76      <.0001      0.05      278.95      316.72 
         day       38       278.33      9.3768      45      29.68      <.0001      0.05      259.45      297.22 
         day       42       267.50      9.3768      45      28.53      <.0001      0.05      248.61      286.39 
         day       49       270.50      9.3768      45      28.85      <.0001      0.05      251.61      289.39 
         day       62       276.50      9.3768      45      29.49      <.0001      0.05      257.61      295.39 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7    -20.1667   13.2608    45    -1.52    0.1353  Dunnett       0.5632    0.05  -46.8754    6.5420 
    day      3   -7    -33.8333   13.2608    45    -2.55    0.0142  Dunnett       0.0885    0.05  -60.5420   -7.1246 
    day      7   -7    -37.1667   13.2608    45    -2.80    0.0074  Dunnett       0.0494    0.05  -63.8754  -10.4580 
    day     28   -7    -16.5000   13.2608    45    -1.24    0.2198  Dunnett       0.7622    0.05  -43.2087   10.2087 
    day     36   -7    -18.0000   13.2608    45    -1.36    0.1814  Dunnett       0.6822    0.05  -44.7087    8.7087 
    day     38   -7    -37.5000   13.2608    45    -2.83    0.0070  Dunnett       0.0464    0.05  -64.2087  -10.7913 
    day     42   -7    -48.3333   13.2608    45    -3.64    0.0007  Dunnett       0.0053    0.05  -75.0420  -21.6246 
    day     49   -7    -45.3333   13.2608    45    -3.42    0.0013  Dunnett       0.0100    0.05  -72.0420  -18.6246 
    day     62   -7    -39.3333   13.2608    45    -2.97    0.0048  Dunnett       0.0330    0.05  -66.0420  -12.6246 
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APPENDIX 3.1 
SBP - GGT 
 
                                            Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             9      45       1.52    0.1708 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       2.6723      0.1036      45      25.79      <.0001      0.05      2.4636      2.8810 
         day        1       2.8421      0.1036      45      27.43      <.0001      0.05      2.6334      3.0508 
         day        3       2.8417      0.1036      45      27.43      <.0001      0.05      2.6330      3.0504 
         day        7       2.7989      0.1036      45      27.01      <.0001      0.05      2.5902      3.0076 
         day       28       2.5745      0.1036      45      24.85      <.0001      0.05      2.3658      2.7832 
         day       36       2.5354      0.1036      45      24.47      <.0001      0.05      2.3267      2.7441 
         day       38       2.5544      0.1036      45      24.65      <.0001      0.05      2.3457      2.7631 
         day       42       2.5049      0.1036      45      24.17      <.0001      0.05      2.2962      2.7136 
         day       49       2.6510      0.1036      45      25.58      <.0001      0.05      2.4423      2.8597 
         day       62       2.6053      0.1036      45      25.14      <.0001      0.05      2.3966      2.8140 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7      0.1698    0.1465    45     1.16    0.2527  Dunnett       0.8180    0.05   -0.1253    0.4649 
    day      3   -7      0.1694    0.1465    45     1.16    0.2537  Dunnett       0.8196    0.05   -0.1257    0.4646 
    day      7   -7      0.1266    0.1465    45     0.86    0.3922  Dunnett       0.9549    0.05   -0.1685    0.4217 
    day     28   -7    -0.09783    0.1465    45    -0.67    0.5078  Dunnett       0.9907    0.05   -0.3930    0.1973 
    day     36   -7     -0.1369    0.1465    45    -0.93    0.3553  Dunnett       0.9317    0.05   -0.4320    0.1583 
    day     38   -7     -0.1179    0.1465    45    -0.80    0.4252  Dunnett       0.9699    0.05   -0.4131    0.1772 
    day     42   -7     -0.1674    0.1465    45    -1.14    0.2593  Dunnett       0.8280    0.05   -0.4626    0.1277 
    day     49   -7    -0.02133    0.1465    45    -0.15    0.8849  Dunnett       1.0000    0.05   -0.3165    0.2738 
    day     62   -7    -0.06697    0.1465    45    -0.46    0.6499  Dunnett       0.9994    0.05   -0.3621    0.2282 
 
 
                         Effect    day    Estimate      StdErr       LL       Median       UL 
 
                          day      -7       2.6723      0.1036    11.7471    14.4732    17.8319 
                          day       1       2.8421      0.1036    13.9211    17.1517    21.1320 
                          day       3       2.8417      0.1036    13.9158    17.1452    21.1241 
                          day       7       2.7989      0.1036    13.3326    16.4266    20.2386 
                          day      28       2.5745      0.1036    10.6523    13.1244    16.1701 
                          day      36       2.5354      0.1036    10.2445    12.6220    15.5511 
                          day      38       2.5544      0.1036    10.4405    12.8633    15.8485 
                          day      42       2.5049      0.1036     9.9362    12.2420    15.0829 
                          day      57       2.6510      0.1036    11.4991    14.1677    17.4555 
                          day      62       2.6053      0.1036    10.9862    13.5357    16.6769 
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APPENDIX 3.1 
SPB - ALP 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             9      45       0.71    0.7009 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       4.9200      0.1038      45      47.39      <.0001      0.05      4.7109      5.1291 
         day        1       4.9752      0.1038      45      47.92      <.0001      0.05      4.7661      5.1843 
         day        3       5.0323      0.1038      45      48.47      <.0001      0.05      4.8232      5.2414 
         day        7       4.9822      0.1038      45      47.99      <.0001      0.05      4.7731      5.1913 
         day       28       5.0836      0.1038      45      48.96      <.0001      0.05      4.8745      5.2928 
         day       36       5.1495      0.1038      45      49.60      <.0001      0.05      4.9404      5.3586 
         day       38       5.0750      0.1038      45      48.88      <.0001      0.05      4.8659      5.2842 
         day       42       5.0013      0.1038      45      48.17      <.0001      0.05      4.7922      5.2105 
         day       49       4.9154      0.1038      45      47.34      <.0001      0.05      4.7062      5.1245 
         day       62       4.8663      0.1038      45      46.87      <.0001      0.05      4.6572      5.0754 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7     0.05519    0.1468    45     0.38    0.7088  Dunnett       0.9999    0.05   -0.2405    0.3509 
    day      3   -7      0.1123    0.1468    45     0.77    0.4482  Dunnett       0.9777    0.05   -0.1834    0.4081 
    day      7   -7     0.06220    0.1468    45     0.42    0.6739  Dunnett       0.9997    0.05   -0.2335    0.3579 
    day     28   -7      0.1637    0.1468    45     1.11    0.2709  Dunnett       0.8446    0.05   -0.1321    0.4594 
    day     36   -7      0.2295    0.1468    45     1.56    0.1250  Dunnett       0.5329    0.05  -0.06622    0.5252 
    day     38   -7      0.1550    0.1468    45     1.06    0.2966  Dunnett       0.8769    0.05   -0.1407    0.4508 
    day     42   -7     0.08136    0.1468    45     0.55    0.5823  Dunnett       0.9975    0.05   -0.2144    0.3771 
    day     49   -7    -0.00463    0.1468    45    -0.03    0.9750  Dunnett       1.0000    0.05   -0.3004    0.2911 
    day     62   -7    -0.05373    0.1468    45    -0.37    0.7162  Dunnett       0.9999    0.05   -0.3495    0.2420 
 
 
                         Effect    day    Estimate      StdErr       LL       Median       UL 
 
                          day      -7       4.9200      0.1038    111.150    137.001    168.865 
                          day       1       4.9752      0.1038    117.457    144.775    178.448 
                          day       3       5.0323      0.1038    124.365    153.291    188.943 
                          day       7       4.9822      0.1038    118.283    145.793    179.702 
                          day      28       5.0836      0.1038    130.914    161.362    198.892 
                          day      36       5.1495      0.1038    139.825    172.346    212.430 
                          day      38       5.0750      0.1038    129.791    159.978    197.187 
                          day      42       5.0013      0.1038    120.571    148.613    183.178 
                          day      57       4.9154      0.1038    110.636    136.368    168.085 
                          day      62       4.8663      0.1038    105.336    129.835    160.032 
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APPENDIX 3.1 
SBP - SAA 
 

                                   Type 3 Tests of Fixed Effects 
 
                                         Num     Den 
                           Effect         DF      DF    F Value    Pr > F 
 
                           day             9      45       6.53    <.0001 
 
 
                                        Least Squares Means 
 
                             Standard 
   Effect   day   Estimate      Error     DF   t Value   Pr > |t|    Alpha      Lower      Upper 
 
   day      -7     -4.6052     1.0271     45     -4.48     <.0001     0.05    -6.6738    -2.5366 
   day       1     -4.6052     1.0271     45     -4.48     <.0001     0.05    -6.6738    -2.5366 
   day       3     -3.0579     1.0271     45     -2.98     0.0047     0.05    -5.1265    -0.9893 
   day       7     -4.6052     1.0271     45     -4.48     <.0001     0.05    -6.6738    -2.5366 
   day      28     -3.3011     1.0271     45     -3.21     0.0024     0.05    -5.3697    -1.2325 
   day      36     -3.1466     1.0271     45     -3.06     0.0037     0.05    -5.2152    -1.0780 
   day      38      2.7080     1.0271     45      2.64     0.0115     0.05     0.6394     4.7766 
   day      42      1.3172     1.0271     45      1.28     0.2062     0.05    -0.7514     3.3858 
   day      49     -3.9200     1.0271     45     -3.82     0.0004     0.05    -5.9886    -1.8514 
   day      62     -4.6052     1.0271     45     -4.48     <.0001     0.05    -6.6738    -2.5366 
 
 
                                 Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha 
 
    day      1   -7           0    1.4525    45     0.00    1.0000  Dunnett       1.0000    0.05 
    day      3   -7      1.5473    1.4525    45     1.07    0.2924  Dunnett       0.8721    0.05 
    day      7   -7    -888E-18    1.4525    45    -0.00    1.0000  Dunnett       1.0000    0.05 
    day     28   -7      1.3041    1.4525    45     0.90    0.3741  Dunnett       0.9444    0.05 
    day     36   -7      1.4586    1.4525    45     1.00    0.3206  Dunnett       0.9024    0.05 
    day     38   -7      7.3132    1.4525    45     5.03    <.0001  Dunnett       <.0001    0.05 
    day     42   -7      5.9223    1.4525    45     4.08    0.0002  Dunnett       0.0015    0.05 
    day     49   -7      0.6851    1.4525    45     0.47    0.6394  Dunnett       0.9992    0.05 
    day     62   -7    -111E-18    1.4525    45    -0.00    1.0000  Dunnett       1.0000    0.05 
 
 
               Effect    day    Estimate      StdErr       LL       Median         UL 
 
                day      -7      -4.6052      1.0271    0.00126     0.0100      0.079 
                day       1      -4.6052      1.0271    0.00126     0.0100      0.079 
                day       3      -3.0579      1.0271    0.00594     0.0470      0.372 
                day       7      -4.6052      1.0271    0.00126     0.0100      0.079 
                day      28      -3.3011      1.0271    0.00466     0.0368      0.292 
                day      36      -3.1466      1.0271    0.00543     0.0430      0.340 
                day      38       2.7080      1.0271    1.89538    14.9994    118.701 
                day      42       1.3172      1.0271    0.47169     3.7328     29.540 
                day      49      -3.9200      1.0271    0.00251     0.0198      0.157 
                day      62      -4.6052      1.0271    0.00126     0.0100      0.079 
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APPENDIX 3.1 
BAL - TNCC 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             7      35       0.57    0.7788 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7      -0.7901      0.1301      35      -6.07      <.0001      0.05     -1.0543     -0.5259 
         day        1      -0.5920      0.1301      35      -4.55      <.0001      0.05     -0.8562     -0.3278 
         day        3      -0.5537      0.1301      35      -4.25      0.0001      0.05     -0.8179     -0.2895 
         day        7      -0.7348      0.1301      35      -5.65      <.0001      0.05     -0.9990     -0.4706 
         day       28      -0.7893      0.1301      35      -6.07      <.0001      0.05     -1.0535     -0.5251 
         day       36      -0.7724      0.1301      35      -5.94      <.0001      0.05     -1.0366     -0.5082 
         day       38      -0.8050      0.1301      35      -6.19      <.0001      0.05     -1.0692     -0.5408 
         day       42      -0.7787      0.1301      35      -5.98      <.0001      0.05     -1.0429     -0.5145 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7      0.1981    0.1840    35     1.08    0.2891  Dunnett       0.8100    0.05   -0.1755    0.5717 
    day      3   -7      0.2364    0.1840    35     1.28    0.2074  Dunnett       0.6694    0.05   -0.1372    0.6100 
    day      7   -7     0.05528    0.1840    35     0.30    0.7657  Dunnett       0.9998    0.05   -0.3183    0.4289 
    day     28   -7    0.000758    0.1840    35     0.00    0.9967  Dunnett       1.0000    0.05   -0.3729    0.3744 
    day     36   -7     0.01764    0.1840    35     0.10    0.9242  Dunnett       1.0000    0.05   -0.3560    0.3913 
    day     38   -7    -0.01492    0.1840    35    -0.08    0.9359  Dunnett       1.0000    0.05   -0.3885    0.3587 
    day     42   -7     0.01138    0.1840    35     0.06    0.9511  Dunnett       1.0000    0.05   -0.3623    0.3850 

 
 
                         Effect    day    Estimate      StdErr       LL       Median       UL 
 
                          day      -7      -0.7901      0.1301    0.34845    0.45382    0.59104 
                          day       1      -0.5920      0.1301    0.42479    0.55324    0.72052 
                          day       3      -0.5537      0.1301    0.44137    0.57483    0.74865 
                          day       7      -0.7348      0.1301    0.36826    0.47961    0.62464 
                          day      28      -0.7893      0.1301    0.34871    0.45416    0.59149 
                          day      36      -0.7724      0.1301    0.35465    0.46189    0.60156 
                          day      38      -0.8050      0.1301    0.34329    0.44710    0.58229 
                          day      42      -0.7787      0.1301    0.35244    0.45901    0.59781 
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APPENDIX 3.1 
BAL - % MACROPHAGES 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             7      35       2.96    0.0152 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7      64.1667      1.9976      35      32.12      <.0001      0.05     60.1114     68.2219 
         day        1      59.1667      1.9976      35      29.62      <.0001      0.05     55.1114     63.2219 
         day        3      58.3333      1.9976      35      29.20      <.0001      0.05     54.2781     62.3886 
         day        7      57.8333      1.9976      35      28.95      <.0001      0.05     53.7781     61.8886 
         day       28      59.1667      1.9976      35      29.62      <.0001      0.05     55.1114     63.2219 
         day       36      52.8333      1.9976      35      26.45      <.0001      0.05     48.7781     56.8886 
         day       38      54.1667      1.9976      35      27.12      <.0001      0.05     50.1114     58.2219 
         day       42      57.3333      1.9976      35      28.70      <.0001      0.05     53.2781     61.3886 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7     -5.0000    2.8250    35    -1.77    0.0855  Dunnett       0.3480    0.05  -10.7350    0.7350 
    day      3   -7     -5.8333    2.8250    35    -2.06    0.0464  Dunnett       0.2090    0.05  -11.5684  -0.09830 
    day      7   -7     -6.3333    2.8250    35    -2.24    0.0314  Dunnett       0.1488    0.05  -12.0684   -0.5983 
    day     28   -7     -5.0000    2.8250    35    -1.77    0.0855  Dunnett       0.3480    0.05  -10.7350    0.7350 
    day     36   -7    -11.3333    2.8250    35    -4.01    0.0003  Dunnett       0.0019    0.05  -17.0684   -5.5983 
    day     38   -7    -10.0000    2.8250    35    -3.54    0.0012  Dunnett       0.0069    0.05  -15.7350   -4.2650 
    day     42   -7     -6.8333    2.8250    35    -2.42    0.0209  Dunnett       0.1036    0.05  -12.5684   -1.0983 
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APPENDIX 3.1 
BAL - % LYMPHOCYTES 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             7      35       5.17    0.0004 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7      31.1667      1.7931      35      17.38      <.0001      0.05     27.5264     34.8069 
         day        1      34.5000      1.7931      35      19.24      <.0001      0.05     30.8598     38.1402 
         day        3      35.1667      1.7931      35      19.61      <.0001      0.05     31.5264     38.8069 
         day        7      38.5000      1.7931      35      21.47      <.0001      0.05     34.8598     42.1402 
         day       28      36.3333      1.7931      35      20.26      <.0001      0.05     32.6931     39.9736 
         day       36      43.8333      1.7931      35      24.45      <.0001      0.05     40.1931     47.4736 
         day       38      41.5000      1.7931      35      23.14      <.0001      0.05     37.8598     45.1402 
         day       42      39.3333      1.7931      35      21.94      <.0001      0.05     35.6931     42.9736 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7      3.3333    2.5359    35     1.31    0.1972  Dunnett       0.6480    0.05   -1.8147    8.4814 
    day      3   -7      4.0000    2.5359    35     1.58    0.1237  Dunnett       0.4651    0.05   -1.1481    9.1481 
    day      7   -7      7.3333    2.5359    35     2.89    0.0065  Dunnett       0.0357    0.05    2.1853   12.4814 
    day     28   -7      5.1667    2.5359    35     2.04    0.0492  Dunnett       0.2198    0.05   0.01861   10.3147 
    day     36   -7     12.6667    2.5359    35     5.00    <.0001  Dunnett       0.0001    0.05    7.5186   17.8147 
    day     38   -7     10.3333    2.5359    35     4.07    0.0003  Dunnett       0.0016    0.05    5.1853   15.4814 
    day     42   -7      8.1667    2.5359    35     3.22    0.0028  Dunnett       0.0158    0.05    3.0186   13.3147 
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APPENDIX 3.1 
BAL - % NEUTROPHILS 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             7      35       1.61    0.1659 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       2.6667      0.6325      35       4.22      0.0002      0.05      1.3827      3.9506 
         day        1       2.1667      0.6325      35       3.43      0.0016      0.05      0.8827      3.4506 
         day        3       4.0000      0.6325      35       6.32      <.0001      0.05      2.7160      5.2840 
         day        7       2.1667      0.6325      35       3.43      0.0016      0.05      0.8827      3.4506 
         day       28       1.6667      0.6325      35       2.64      0.0124      0.05      0.3827      2.9506 
         day       36       1.5000      0.6325      35       2.37      0.0233      0.05      0.2160      2.7840 
         day       38       2.1667      0.6325      35       3.43      0.0016      0.05      0.8827      3.4506 
         day       42       1.6667      0.6325      35       2.64      0.0124      0.05      0.3827      2.9506 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7     -0.5000    0.8944    35    -0.56    0.5797  Dunnett       0.9913    0.05   -2.3158    1.3158 
    day      3   -7      1.3333    0.8944    35     1.49    0.1450  Dunnett       0.5234    0.05   -0.4825    3.1491 
    day      7   -7     -0.5000    0.8944    35    -0.56    0.5797  Dunnett       0.9913    0.05   -2.3158    1.3158 
    day     28   -7     -1.0000    0.8944    35    -1.12    0.2712  Dunnett       0.7835    0.05   -2.8158    0.8158 
    day     36   -7     -1.1667    0.8944    35    -1.30    0.2006  Dunnett       0.6552    0.05   -2.9825    0.6491 
    day     38   -7     -0.5000    0.8944    35    -0.56    0.5797  Dunnett       0.9913    0.05   -2.3158    1.3158 
    day     42   -7     -1.0000    0.8944    35    -1.12    0.2712  Dunnett       0.7835    0.05   -2.8158    0.8158 
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APPENDIX 3.1 
BAL - % EOSINOPHILS 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             7      35       2.30    0.0485 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7      -6.5074      0.4041      35     -16.10      <.0001      0.05     -7.3278     -5.6871 
         day        1      -5.3035      0.4041      35     -13.12      <.0001      0.05     -6.1238     -4.4831 
         day        3      -6.9088      0.4041      35     -17.10      <.0001      0.05     -7.7291     -6.0884 
         day        7      -6.9088      0.4041      35     -17.10      <.0001      0.05     -7.7291     -6.0884 
         day       28      -5.9966      0.4041      35     -14.84      <.0001      0.05     -6.8170     -5.1763 
         day       36      -6.1061      0.4041      35     -15.11      <.0001      0.05     -6.9265     -5.2858 
         day       38      -5.7048      0.4041      35     -14.12      <.0001      0.05     -6.5251     -4.8844 
         day       42      -6.9088      0.4041      35     -17.10      <.0001      0.05     -7.7291     -6.0884 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7      1.2040    0.5715    35     2.11    0.0424  Dunnett       0.1933    0.05   0.04382    2.3641 
    day      3   -7     -0.4013    0.5715    35    -0.70    0.4872  Dunnett       0.9701    0.05   -1.5615    0.7588 
    day      7   -7     -0.4013    0.5715    35    -0.70    0.4872  Dunnett       0.9701    0.05   -1.5615    0.7588 
    day     28   -7      0.5108    0.5715    35     0.89    0.3775  Dunnett       0.9076    0.05   -0.6494    1.6709 
    day     36   -7      0.4013    0.5715    35     0.70    0.4872  Dunnett       0.9701    0.05   -0.7588    1.5615 
    day     38   -7      0.8026    0.5715    35     1.40    0.1690  Dunnett       0.5838    0.05   -0.3575    1.9628 
    day     42   -7     -0.4013    0.5715    35    -0.70    0.4872  Dunnett       0.9701    0.05   -1.5615    0.7588 
 
 
                                          day       ll        mean        ul 
 
                                          -7     0.06566    0.14901    0.33780 
                                           1     0.21853    0.49497    1.11720 
                                           3     0.04396    0.09980    0.22639 
                                           7     0.04396    0.09980    0.22639 
                                          28     0.10938    0.24809    0.56172 
                                          36     0.09805    0.22242    0.50377 
                                          38     0.14640    0.33189    0.75066 
                                          42     0.04396    0.09980    0.22639 
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APPENDIX 3.1 
BAL - % MAST CELLS 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             7      35       1.62    0.1609 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       1.8333      0.5028      35       3.65      0.0009      0.05      0.8127      2.8540 
         day        1       3.3333      0.5028      35       6.63      <.0001      0.05      2.3127      4.3540 
         day        3       2.5000      0.5028      35       4.97      <.0001      0.05      1.4793      3.5207 
         day        7       1.5000      0.5028      35       2.98      0.0052      0.05      0.4793      2.5207 
         day       28       2.3333      0.5028      35       4.64      <.0001      0.05      1.3127      3.3540 
         day       36       1.5000      0.5028      35       2.98      0.0052      0.05      0.4793      2.5207 
         day       38       1.6667      0.5028      35       3.31      0.0021      0.05      0.6460      2.6873 
         day       42       1.6667      0.5028      35       3.31      0.0021      0.05      0.6460      2.6873 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7      1.5000    0.7110    35     2.11    0.0421  Dunnett       0.1923    0.05   0.05654    2.9435 
    day      3   -7      0.6667    0.7110    35     0.94    0.3549  Dunnett       0.8873    0.05   -0.7768    2.1101 
    day      7   -7     -0.3333    0.7110    35    -0.47    0.6421  Dunnett       0.9969    0.05   -1.7768    1.1101 
    day     28   -7      0.5000    0.7110    35     0.70    0.4866  Dunnett       0.9699    0.05   -0.9435    1.9435 
    day     36   -7     -0.3333    0.7110    35    -0.47    0.6421  Dunnett       0.9969    0.05   -1.7768    1.1101 
    day     38   -7     -0.1667    0.7110    35    -0.23    0.8160  Dunnett       1.0000    0.05   -1.6101    1.2768 
    day     42   -7     -0.1667    0.7110    35    -0.23    0.8160  Dunnett       1.0000    0.05   -1.6101    1.2768 
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APPENDIX 3.1 
BAL - Fe STAINING CELLS 
 
                                                  The Mixed Procedure 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             7      35       0.72    0.6545 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       0.1667      0.3699      35       0.45      0.6551      0.05     -0.5842      0.9175 
         day        1       0.5000      0.3699      35       1.35      0.1851      0.05     -0.2509      1.2509 
         day        3       0.5000      0.3699      35       1.35      0.1851      0.05     -0.2509      1.2509 
         day        7       0.3333      0.3699      35       0.90      0.3736      0.05     -0.4175      1.0842 
         day       28       1.0000      0.3699      35       2.70      0.0105      0.05      0.2491      1.7509 
         day       36       0.8333      0.3699      35       2.25      0.0306      0.05     0.08245      1.5842 
         day       38       0.8333      0.3699      35       2.25      0.0306      0.05     0.08245      1.5842 
         day       42       1.0000      0.3699      35       2.70      0.0105      0.05      0.2491      1.7509 
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APPENDIX 3.1 
LIP - WBC 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             8      40       0.90    0.5220 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       6.3833      0.3843      40      16.61      <.0001      0.05      5.6067      7.1600 
         day        1       7.1833      0.3843      40      18.69      <.0001      0.05      6.4067      7.9600 
         day        3       6.8500      0.3843      40      17.83      <.0001      0.05      6.0734      7.6266 
         day        7       6.2167      0.3843      40      16.18      <.0001      0.05      5.4400      6.9933 
         day       28       6.2167      0.3843      40      16.18      <.0001      0.05      5.4400      6.9933 
         day       36       6.9833      0.3843      40      18.17      <.0001      0.05      6.2067      7.7600 
         day       38       7.0283      0.3843      40      18.29      <.0001      0.05      6.2517      7.8050 
         day       42       6.7067      0.3843      40      17.45      <.0001      0.05      5.9300      7.4833 
         day       62       6.9500      0.3843      40      18.09      <.0001      0.05      6.1734      7.7266 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7      0.8000    0.5434    40     1.47    0.1488  Dunnett       0.5691    0.05   -0.2983    1.8983 
    day      3   -7      0.4667    0.5434    40     0.86    0.3956  Dunnett       0.9419    0.05   -0.6316    1.5650 
    day      7   -7     -0.1667    0.5434    40    -0.31    0.7607  Dunnett       0.9999    0.05   -1.2650    0.9316 
    day     28   -7     -0.1667    0.5434    40    -0.31    0.7607  Dunnett       0.9999    0.05   -1.2650    0.9316 
    day     36   -7      0.6000    0.5434    40     1.10    0.2761  Dunnett       0.8243    0.05   -0.4983    1.6983 
    day     38   -7      0.6450    0.5434    40     1.19    0.2423  Dunnett       0.7715    0.05   -0.4533    1.7433 
    day     42   -7      0.3233    0.5434    40     0.59    0.5552  Dunnett       0.9928    0.05   -0.7750    1.4216 
    day     62   -7      0.1171    0.1292    40     0.91    0.3700  Dunnett       0.9244    0.05   -0.1440    0.3782 
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APPENDIX 3.1 
LIP - LYMPH 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             8      40       1.03    0.4280 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       0.8037     0.09135      40       8.80      <.0001      0.05      0.6191      0.9884 
         day        1       0.7807     0.09135      40       8.55      <.0001      0.05      0.5961      0.9654 
         day        3       0.6957     0.09135      40       7.62      <.0001      0.05      0.5111      0.8804 
         day        7       0.7784     0.09135      40       8.52      <.0001      0.05      0.5938      0.9630 
         day       28       0.9097     0.09135      40       9.96      <.0001      0.05      0.7251      1.0943 
         day       36       0.6810     0.09135      40       7.45      <.0001      0.05      0.4964      0.8656 
         day       38       0.6713     0.09135      40       7.35      <.0001      0.05      0.4867      0.8560 
         day       42       0.8385     0.09135      40       9.18      <.0001      0.05      0.6539      1.0231 
         day       62       0.9209     0.09135      40      10.08      <.0001      0.05      0.7363      1.1055 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7    -0.02302    0.1292    40    -0.18    0.8595  Dunnett       1.0000    0.05   -0.2841    0.2381 
    day      3   -7     -0.1080    0.1292    40    -0.84    0.4080  Dunnett       0.9492    0.05   -0.3691    0.1531 
    day      7   -7    -0.02536    0.1292    40    -0.20    0.8454  Dunnett       1.0000    0.05   -0.2865    0.2357 
    day     28   -7      0.1060    0.1292    40     0.82    0.4170  Dunnett       0.9540    0.05   -0.1552    0.3671 
    day     36   -7     -0.1227    0.1292    40    -0.95    0.3478  Dunnett       0.9062    0.05   -0.3838    0.1384 
    day     38   -7     -0.1324    0.1292    40    -1.02    0.3115  Dunnett       0.8695    0.05   -0.3935    0.1287 
    day     42   -7     0.03473    0.1292    40     0.27    0.7894  Dunnett       1.0000    0.05   -0.2264    0.2958 

 
 
                          Effect    day    Estimate      StdErr       LL       Median       UL 
 
                          day      -7       0.8037     0.09135    1.85729    2.23390    2.68687 
                          day       1       0.7807     0.09135    1.81503    2.18307    2.62573 
                          day       3       0.6957     0.09135    1.66712    2.00517    2.41176 
                          day       7       0.7784     0.09135    1.81079    2.17797    2.61960 
                          day      28       0.9097     0.09135    2.06488    2.48358    2.98718 
                          day      36       0.6810     0.09135    1.64278    1.97589    2.37654 
                          day      38       0.6713     0.09135    1.62695    1.95685    2.35364 
                          day      42       0.8385     0.09135    1.92294    2.31285    2.78183 
                          day      62       0.9209     0.09135    2.08811    2.51152    3.02078 
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APPENDIX 3.1 
LIP - CD3 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             8      40       1.16    0.3494 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       0.5970      0.1010      40       5.91      <.0001      0.05      0.3927      0.8012 
         day        1       0.5792      0.1010      40       5.73      <.0001      0.05      0.3749      0.7834 
         day        3       0.5240      0.1010      40       5.19      <.0001      0.05      0.3198      0.7282 
         day        7       0.5940      0.1010      40       5.88      <.0001      0.05      0.3898      0.7982 
         day       28       0.7768      0.1010      40       7.69      <.0001      0.05      0.5725      0.9810 
         day       36       0.4892      0.1010      40       4.84      <.0001      0.05      0.2850      0.6934 
         day       38       0.5154      0.1010      40       5.10      <.0001      0.05      0.3111      0.7196 
         day       42       0.6800      0.1010      40       6.73      <.0001      0.05      0.4757      0.8842 
         day       62       0.7820      0.1010      40       7.74      <.0001      0.05      0.5778      0.9863 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7    -0.01779    0.1429    40    -0.12    0.9015  Dunnett       1.0000    0.05   -0.3066    0.2710 
    day      3   -7    -0.07294    0.1429    40    -0.51    0.6126  Dunnett       0.9973    0.05   -0.3618    0.2159 
    day      7   -7    -0.00296    0.1429    40    -0.02    0.9836  Dunnett       1.0000    0.05   -0.2918    0.2859 
    day     28   -7      0.1798    0.1429    40     1.26    0.2156  Dunnett       0.7226    0.05   -0.1090    0.4686 
    day     36   -7     -0.1077    0.1429    40    -0.75    0.4553  Dunnett       0.9706    0.05   -0.3966    0.1811 
    day     38   -7    -0.08159    0.1429    40    -0.57    0.5712  Dunnett       0.9944    0.05   -0.3704    0.2072 
    day     42   -7     0.08301    0.1429    40     0.58    0.5646  Dunnett       0.9938    0.05   -0.2058    0.3718 
    day     62   -7      0.1851    0.1429    40     1.30    0.2027  Dunnett       0.6965    0.05   -0.1037    0.473 
 
 
                         Effect    day    Estimate      StdErr       LL       Median       UL 
 
                          day      -7       0.5970      0.1010    1.48102    1.81657    2.22816 
                          day       1       0.5792      0.1010    1.45490    1.78454    2.18886 
                          day       3       0.5240      0.1010    1.37683    1.68879    2.07142 
                          day       7       0.5940      0.1010    1.47664    1.81121    2.22158 
                          day      28       0.7768      0.1010    1.77278    2.17444    2.66711 
                          day      36       0.4892      0.1010    1.32973    1.63101    2.00056 
                          day      38       0.5154      0.1010    1.36497    1.67424    2.05357 
                          day      42       0.6800      0.1010    1.60921    1.97381    2.42102 
                          day      62       0.7820      0.1010    1.78215    2.18593    2.68121 
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APPENDIX 3.1 
LIP - CD4 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             8      40       0.74    0.6554 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       0.1783      0.1059      40       1.68      0.1002      0.05    -0.03585      0.3924 
         day        1       0.2337      0.1059      40       2.21      0.0332      0.05     0.01955      0.4478 
         day        3       0.1413      0.1059      40       1.33      0.1897      0.05    -0.07278      0.3555 
         day        7       0.2446      0.1059      40       2.31      0.0262      0.05     0.03047      0.4587 
         day       28       0.3192      0.1059      40       3.01      0.0045      0.05      0.1051      0.5333 
         day       36       0.1593      0.1059      40       1.50      0.1406      0.05    -0.05483      0.3734 
         day       38      0.09035      0.1059      40       0.85      0.3988      0.05     -0.1238      0.3045 
         day       42       0.2613      0.1059      40       2.47      0.0180      0.05     0.04722      0.4755 
         day       62       0.3807      0.1059      40       3.59      0.0009      0.05      0.1666      0.5949 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7     0.05540    0.1498    40     0.37    0.7135  Dunnett       0.9997    0.05   -0.2474    0.3582 
    day      3   -7    -0.03693    0.1498    40    -0.25    0.8066  Dunnett       1.0000    0.05   -0.3397    0.2659 
    day      7   -7     0.06632    0.1498    40     0.44    0.6604  Dunnett       0.9990    0.05   -0.2365    0.3691 
    day     28   -7      0.1410    0.1498    40     0.94    0.3525  Dunnett       0.9103    0.05   -0.1619    0.4438 
    day     36   -7    -0.01898    0.1498    40    -0.13    0.8998  Dunnett       1.0000    0.05   -0.3218    0.2838 
    day     38   -7    -0.08792    0.1498    40    -0.59    0.5606  Dunnett       0.9934    0.05   -0.3907    0.2149 
    day     42   -7     0.08307    0.1498    40     0.55    0.5824  Dunnett       0.9954    0.05   -0.2197    0.3859 
    day     62   -7      0.2025    0.1498    40     1.35    0.1842  Dunnett       0.6562    0.05   -0.1003    0.5053 
 
 
                         Effect    day    Estimate      StdErr       LL       Median       UL 
 
                          day      -7       0.1783      0.1059    0.96478    1.19515    1.48053 
                          day       1       0.2337      0.1059    1.01974    1.26323    1.56486 
                          day       3       0.1413      0.1059    0.92981    1.15182    1.42685 
                          day       7       0.2446      0.1059    1.03094    1.27711    1.58205 
                          day      28       0.3192      0.1059    1.11082    1.37606    1.70463 
                          day      36       0.1593      0.1059    0.94665    1.17268    1.45269 
                          day      46      0.09035      0.1059    0.88358    1.09456    1.35591 
                          day      42       0.2613      0.1059    1.04835    1.29867    1.60877 
                          day      62       0.3807      0.1059    1.18130    1.46337    1.81279 
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APPENDIX 3.1 
LIP - CD5 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             8      40       1.31    0.2644 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       0.6724     0.09496      40       7.08      <.0001      0.05      0.4805      0.8643 
         day        1       0.7369     0.09496      40       7.76      <.0001      0.05      0.5450      0.9289 
         day        3       0.6348     0.09496      40       6.69      <.0001      0.05      0.4429      0.8267 
         day        7       0.6886     0.09496      40       7.25      <.0001      0.05      0.4967      0.8805 
         day       28       0.8737     0.09496      40       9.20      <.0001      0.05      0.6818      1.0656 
         day       36       0.5517     0.09496      40       5.81      <.0001      0.05      0.3598      0.7437 
         day       38       0.6422     0.09496      40       6.76      <.0001      0.05      0.4503      0.8341 
         day       42       0.7811     0.09496      40       8.23      <.0001      0.05      0.5892      0.9731 
         day       62       0.8697     0.09496      40       9.16      <.0001      0.05      0.6778      1.0616 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7     0.06453    0.1343    40     0.48    0.6335  Dunnett       0.9982    0.05   -0.2069    0.3359 
    day      3   -7    -0.03758    0.1343    40    -0.28    0.7811  Dunnett       1.0000    0.05   -0.3090    0.2338 
    day      7   -7     0.01620    0.1343    40     0.12    0.9046  Dunnett       1.0000    0.05   -0.2552    0.2876 
    day     28   -7      0.2013    0.1343    40     1.50    0.1418  Dunnett       0.5501    0.05  -0.07013    0.4727 
    day     36   -7     -0.1207    0.1343    40    -0.90    0.3743  Dunnett       0.9276    0.05   -0.3921    0.1508 
    day     38   -7    -0.03019    0.1343    40    -0.22    0.8233  Dunnett       1.0000    0.05   -0.3016    0.2412 
    day     42   -7      0.1087    0.1343    40     0.81    0.4229  Dunnett       0.9570    0.05   -0.1627    0.3802 
    day     62   -7      0.1973    0.1343    40     1.47    0.1497  Dunnett       0.5714    0.05  -0.07414    0.468 
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APPENDIX 3.1 
LIP - CD8 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             8      40       4.83    0.0003 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       0.3823     0.06190      40       6.18      <.0001      0.05      0.2572      0.5074 
         day        1       0.3797     0.06190      40       6.13      <.0001      0.05      0.2546      0.5048 
         day        3       0.3481     0.06190      40       5.62      <.0001      0.05      0.2230      0.4732 
         day        7       0.2896     0.06190      40       4.68      <.0001      0.05      0.1645      0.4147 
         day       28       0.6760     0.06190      40      10.92      <.0001      0.05      0.5509      0.8011 
         day       36       0.4170     0.06190      40       6.74      <.0001      0.05      0.2919      0.5421 
         day       38       0.5336     0.06190      40       8.62      <.0001      0.05      0.4085      0.6587 
         day       42       0.4338     0.06190      40       7.01      <.0001      0.05      0.3087      0.5590 
         day       62       0.6582     0.06190      40      10.63      <.0001      0.05      0.5331      0.7834 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7    -0.00258   0.08754    40    -0.03    0.9766  Dunnett       1.0000    0.05   -0.1795    0.1743 
    day      3   -7    -0.03421   0.08754    40    -0.39    0.6981  Dunnett       0.9996    0.05   -0.2111    0.1427 
    day      7   -7    -0.09267   0.08754    40    -1.06    0.2961  Dunnett       0.8510    0.05   -0.2696   0.08426 
    day     28   -7      0.2937   0.08754    40     3.36    0.0017  Dunnett       0.0115    0.05    0.1168    0.4707 
    day     36   -7     0.03475   0.08754    40     0.40    0.6935  Dunnett       0.9995    0.05   -0.1422    0.2117 
    day     38   -7      0.1513   0.08754    40     1.73    0.0916  Dunnett       0.3972    0.05  -0.02560    0.3283 
    day     42   -7     0.05156   0.08754    40     0.59    0.5592  Dunnett       0.9932    0.05   -0.1254    0.228 
    day     62   -7      0.2760   0.08754    40     3.15    0.0031  Dunnett       0.0196    0.05   0.09904    0.4529 
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APPENDIX 3.1 
LIP - CD21 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             8      40      20.23    <.0001  
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7      0.07601     0.01364      40       5.57      <.0001      0.05     0.04845      0.1036 
         day        1      0.08930     0.01364      40       6.55      <.0001      0.05     0.06174      0.1169 
         day        3      0.09307     0.01364      40       6.82      <.0001      0.05     0.06551      0.1206 
         day        7      0.07023     0.01364      40       5.15      <.0001      0.05     0.04267     0.09779 
         day       28       0.2089     0.01364      40      15.32      <.0001      0.05      0.1814      0.2365 
         day       36       0.1730     0.01364      40      12.68      <.0001      0.05      0.1454      0.2005 
         day       38       0.2208     0.01364      40      16.19      <.0001      0.05      0.1932      0.2484 
         day       42       0.1486     0.01364      40      10.89      <.0001      0.05      0.1210      0.1761 
         day       62       0.2031     0.01364      40      14.89      <.0001      0.05      0.1755      0.2306 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7     0.01329   0.01929    40     0.69    0.4947  Dunnett       0.9824    0.05  -0.02569   0.05227 
    day      3   -7     0.01706   0.01929    40     0.88    0.3816  Dunnett       0.9328    0.05  -0.02192   0.05604 
    day      7   -7    -0.00578   0.01929    40    -0.30    0.7661  Dunnett       0.9999    0.05  -0.04475   0.03320 
    day     28   -7      0.1329   0.01929    40     6.89    <.0001  Dunnett       <.0001    0.05   0.09394    0.1719 
    day     36   -7     0.09696   0.01929    40     5.03    <.0001  Dunnett       <.0001    0.05   0.05798    0.1359 
    day     38   -7      0.1448   0.01929    40     7.51    <.0001  Dunnett       <.0001    0.05    0.1058    0.1838 
    day     42   -7     0.07256   0.01929    40     3.76    0.0005  Dunnett       0.0037    0.05   0.03358    0.1115 
    day     62   -7      0.1271   0.01929    40     6.59    <.0001  Dunnett       <.0001    0.05   0.08809    0.1660 
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APPENDIX 3.1 
LIP - MHCII 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             8      40       0.73    0.6609 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       1.9552      0.2455      40       7.96      <.0001      0.05      1.4590      2.4514 
         day        1       1.9231      0.2455      40       7.83      <.0001      0.05      1.4268      2.4193 
         day        3       1.7361      0.2455      40       7.07      <.0001      0.05      1.2398      2.2323 
         day        7       1.8235      0.2455      40       7.43      <.0001      0.05      1.3273      2.3197 
         day       28       2.3019      0.2455      40       9.38      <.0001      0.05      1.8057      2.7981 
         day       36       1.8359      0.2455      40       7.48      <.0001      0.05      1.3397      2.3321 
         day       38       1.8407      0.2455      40       7.50      <.0001      0.05      1.3445      2.3369 
         day       42       2.1349      0.2455      40       8.70      <.0001      0.05      1.6387      2.6311 
         day       62       2.2937      0.2455      40       9.34      <.0001      0.05      1.7975      2.7900 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7    -0.03212    0.3472    40    -0.09    0.9268  Dunnett       1.0000    0.05   -0.7339    0.6697 
    day      3   -7     -0.2191    0.3472    40    -0.63    0.5316  Dunnett       0.9896    0.05   -0.9209    0.4827 
    day      7   -7     -0.1317    0.3472    40    -0.38    0.7065  Dunnett       0.9997    0.05   -0.8334    0.5701 
    day     28   -7      0.3467    0.3472    40     1.00    0.3240  Dunnett       0.8831    0.05   -0.3550    1.0485 
    day     36   -7     -0.1193    0.3472    40    -0.34    0.7330  Dunnett       0.9998    0.05   -0.8211    0.5825 
    day     38   -7     -0.1145    0.3472    40    -0.33    0.7434  Dunnett       0.9999    0.05   -0.8162    0.5873 
    day     42   -7      0.1797    0.3472    40     0.52    0.6076  Dunnett       0.9971    0.05   -0.5221    0.8815 
    day     62   -7      0.3386    0.3472    40     0.98    0.3354  Dunnett       0.8946    0.05   -0.3632    1.0403 
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APPENDIX 3.1 
LIP - CD4:CD8 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             8      39       6.77    <.0001 
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7       3.5111      0.3701      39       9.49      <.0001      0.05      2.7626      4.2597 
         day        1       3.6722      0.3701      39       9.92      <.0001      0.05      2.9237      4.4208 
         day        3       3.8498      0.3701      39      10.40      <.0001      0.05      3.1012      4.5984 
         day        7       4.8428      0.3701      39      13.09      <.0001      0.05      4.0943      5.5914 
         day       28       2.1256      0.3701      39       5.74      <.0001      0.05      1.3770      2.8742 
         day       36       2.1163      0.4054      39       5.22      <.0001      0.05      1.2963      2.9363 
         day       38       2.1534      0.3701      39       5.82      <.0001      0.05      1.4048      2.9019 
         day       42       3.0640      0.3701      39       8.28      <.0001      0.05      2.3154      3.8126 
         day       62       2.2822      0.3701      39       6.17      <.0001      0.05      1.5336      3.0308 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day      1   -7      0.1611    0.5234    39     0.31    0.7599  Dunnett       0.9999    0.05   -0.8976    1.2197 
    day      3   -7      0.3386    0.5234    39     0.65    0.5214  Dunnett       0.9881    0.05   -0.7200    1.3973 
    day      7   -7      1.3317    0.5234    39     2.54    0.0150  Dunnett       0.0855    0.05    0.2731    2.3903 
    day     28   -7     -1.3855    0.5234    39    -2.65    0.0116  Dunnett       0.0679    0.05   -2.4442   -0.3269 
    day     36   -7     -1.3949    0.5489    39    -2.54    0.0151  Dunnett       0.0862    0.05   -2.5052   -0.2845  
    day     38   -7     -1.3578    0.5234    39    -2.59    0.0133  Dunnett       0.0766    0.05   -2.4164   -0.2991 
    day     42   -7     -0.4471    0.5234    39    -0.85    0.3981  Dunnett       0.9443    0.05   -1.5058    0.6115 
    day     62   -7     -1.2289    0.5234    39    -2.35    0.0240  Dunnett       0.1301    0.05   -2.2876   -0.1703 
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APPENDIX 3.1 
ANTIBODY 
 
                                             Type 3 Tests of Fixed Effects 
 
                                                   Num     Den 
                                     Effect         DF      DF    F Value    Pr > F 
 
                                     day             3      15       3.19    0.0540   
 
 
                                                  Least Squares Means 
 
                                      Standard 
         Effect    day    Estimate       Error      DF    t Value    Pr > |t|     Alpha       Lower       Upper 
 
         day       -7      0.06667      0.4829      15       0.14      0.8920      0.05     -0.9626      1.0959 
         day       28       1.2167      0.4829      15       2.52      0.0236      0.05      0.1874      2.2459 
         day       49      -0.6833      0.4829      15      -1.42      0.1775      0.05     -1.7126      0.3459 
         day       62      -0.5333      0.4829      15      -1.10      0.2868      0.05     -1.5626      0.4959 
 
 
                                           Differences of Least Squares Means 
 
                                 Standard 
    Effect  day  _day  Estimate     Error    DF  t Value  Pr > |t|  Adjustment     Adj P   Alpha     Lower     Upper 
 
    day     28   -7      1.1500    0.6829    15     1.68    0.1129  Dunnett       0.2560    0.05   -0.3056    2.6056 
    day     49   -7     -0.7500    0.6829    15    -1.10    0.2894  Dunnett       0.5708    0.05   -2.2056    0.7056 
    day     62   -7     -0.6000    0.6829    15    -0.88    0.3935  Dunnett       0.7152    0.05   -2.0556    0.8556 


