ABSTRACT
PRITCHARD, JESSICA CHRISTINE. B Cell Activating Factor Characterization and Use as
a Biomarker in Dogs with Primary Immune-Mediated Thrombocytopenia. (Under the
direction of Dr. Adam Birkenheuer).
A canine biomarker to identify and differentiate active primary immune mediated
thrombocytopenia (ITP) from ITP that is in remission would provide a valuable diagnostic
tool to modulate therapy and reduce patient exposure to potentially harmful
immunosuppressive medications. Treatment for ITP in dogs attempts to balance high rates of
disease mortality and relapse with the risks of extended systemic immunosuppression
required to manage the disease. Currently, return of the platelet count to within the reference
interval is used to indicate treatment success, however this finding does not guarantee
cessation of the aberrant immune response. It is impossible for clinicians to know if the ITP
is controlled until therapy is withdrawn. This lack of an effective monitoring tool results in
either disease relapse after therapy withdrawal or extended and potentially unnecessary
immunosuppression leading to life-threatening complications such as infections. An ITP
biomarker that is elevated in active disease and that decreases as the aberrant immune
response is controlled would aid in ITP diagnosis and treatment. B cell activating factor
(BAFF) is one such possible biomarker.
BAFF is a cytokine of the tumor necrosis factor superfamily with important roles in B
cell maturation, survival, and class-switching. In humans, excessive BAFF rescues selfreactive B cells and has been associated with the development of autoimmune disease,
including ITP. Serum and plasma BAFF concentrations in humans with ITP are significantly
higher than healthy humans and humans with ITP in remission. In dogs, only recombinant
BAFF produced in E. coli has been previously described, and native BAFF protein

production has yet to be documented from canine tissue. Nothing is known of BAFF in dogs
with ITP.
Herein, we describe BAFF transcription and production in the canine macrophage cell
line O3O-D by the use of RT-qPCR and Western blotting, respectively. Additionally, it is
shown that BAFF transcription is significantly increased in dogs with ITP compared to dogs
with other causes of thrombocytopenia and healthy controls. The BAFF regulatory splice
variant, DBAFF, is not different between dogs with ITP and healthy dogs. Finally, a portion
of the BAFF promoter region failed to identify any polymorphisms that may explain higher
BAFF transcription in dogs with ITP compared to healthy controls.
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CHAPTER ONE: COMPARISON OF THE PATHOGENESIS OF PERIPHERAL
PLATELET DESTRUCTION IN IMMUNE THROMBOCYTOPENIA OF HUMANS
AND DOGS

1.1 Introduction
Immune thrombocytopenia (ITP) is an acquired autoimmune disorder in which
patients are severely thrombocytopenic in the absence of known, identifiable causes of
decreased platelets. As a clinical entity in humans, ITP was first described in 1025 (Stasi &
Newland, 2011), at which point it was diagnosed via the presence of purpuric hemorrhages in
otherwise healthy individuals. It wasn’t until the middle of the 19th century that platelets were
discovered and not until the 1880s that a connection between the described clinical entity of
ITP and platelets was made (Stasi & Newland, 2011).
Throughout the early 1900s, autoimmunity and platelet destruction versus decreased
production were postulated as the causes of ITP (Stasi & Newland, 2011). By 1951, an
experiment by two hematology fellows, known as the Harrington-Hollingsworth Experiment,
provided substantial evidence of peripheral destruction of platelets as the driving factor for
thrombocytopenia in ITP (Stasi & Newland, 2011). It is now commonly recognized that in
addition to auto-antibody mediated peripheral platelet destruction by macrophages, platelet
destruction mediated by T cells, a lack of megakaryocyte production within the bone
marrow, and megakaryocyte-directed bone marrow inhibition and destruction all play a role
in ITP in humans (McKenzie, Guo, Freedman, & Semple, 2013). Recently, with the advent
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of thrombopoetin (TPO) agonists, there has been renewed interested in decreased platelet
production as an additional factor in ITP.
Treatment of ITP in humans is evolving as knowledge of the immune responses
driving thrombocytopenia expands. The American Society of Hematology last released
guidelines on the treatment of ITP in 2011. Initial treatments suggested for patients with a
platelet count <30x109/L include long courses of corticosteroids, with the possible addition
of intravenous immunoglobulin (Neunert et al., 2011). Patients that fail or relapse after their
initial corticosteroid therapy are treated with either splenectomy, TPO agonists, or B cell
depletion via the anti-CD20 antibody rituximab (Neunert et al., 2011). For further refractory
patients, additional immunosuppressive drugs are often used in combination with
corticosteroids or TPO agonists including vinca alkaloids, cyclosporine, and mycophenolate
(Cuker & Neunert, 2016). However, these second-line therapies often have unacceptable side
effects, including hepatotoxicity, nephrotoxicity, and secondary infections (Cuker & Neunert,
2016).
ITP has been recognized as a clinical entity in dogs since the 1950s (Magrane,
Magrane, & Ross, 1959) and dogs have been suggested as an animal model of the disease in
humans (Dodds, 1977; LeVine et al., 2014). Any breed of dog can be afflicted with ITP but
certain breeds are overrepresented including Old English Sheepdogs, Cocker Spaniels, and
Poodles (Lewis & Meyers, 1996; O'Marra, Delaforcade, & Shaw, 2011; Putsche & Kohn,
2008). As in humans, treatment of dogs with ITP focuses on use of immunosuppressive doses
of corticosteroids with the frequent addition of a second immunosuppressive drug, such as
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azathioprine or cyclosporine, to attenuate the adverse immune response driving the platelet
destruction (O'Marra et al., 2011). However, several retrospective studies of ITP in dogs and
individual case reports list complications attributed to various therapies such as leukopenia,
urinary tract infections, skin abscesses, signs of hypercortisolemia, and pancreatitis (Hsu,
Snead, Davies, & Carr, 2012; O'Marra et al., 2011; Putsche & Kohn, 2008). Corticosteroids
can be particularly damaging long term as their continual use has been associated with
increased risk of thrombosis, iatrogenic hyperadrenocorticism, secondary infection, bone
demineralization, and gastric ulceration (Behrend & Kemppainen, 1997; Costa et al., 2010;
Fry, McSporran, Ellis, & Harvey, 2009; Hsu et al., 2012; Jacoby, Owings, Ortega, Gosselin,
& Feldman, 2001; Laurenson, Hopper, Herrera, & Johnson, 2010; Rose, Dunn, Allegret, &
Bedard, 2011).
In humans and dogs, a better understanding of the aberrant immune response driving
platelet destruction would allow for more precise, individualized treatment and monitoring
than the current methods of inhibiting large arms of the immune system, leaving patients
(both human and canine) vulnerable to harmful adverse events. Herein, we will focus on the
pathophysiology of the destruction of peripheral platelets, what is known in humans and in
dogs with regard to the roles of APCs, B cells and T cells in driving immune imbalance and
thrombocytopenia, and areas for potential impact and discovery.
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1.2 Pathogenesis of Platelet Destruction in Human ITP
1.2.1 T cells in ITP: Tregs, Th22 cells, and Th17 cells
The maintenance of tolerance to self-antigen is both one of the vital functions of the
immune system and an aspect of immunity that is disrupted in autoimmune disease. For T
cells this tolerance is maintained both centrally and peripherally. Centrally, in the thymus T
cells are positively selected to recognize self MHC molecules and negatively selected to
remove those that recognize self-antigen. In the periphery, this maintenance of tolerance
involves the need for two signals for T cell activation by APCs. Additionally, a class of
regulatory T cells (Tregs) have been noted to exist (Jonuleit & Schmitt, 2003). These
CD4+CD25+FoxP3+ T cells contribute to the maintenance of tolerance and prevention of
autoimmunity (Gratz, Rosenblum, & Abbas, 2013). Two classes of Tregs exist: naturally
occurring and induced (Jonuleit & Schmitt, 2003).
Naturally occurring Tregs have properties allowing them to be both suppressive to
other T-helper type cells and anergic, and in humans represent approximately 5-10% of all
peripheral CD4+ T cells (Jonuleit & Schmitt, 2003). Early studies in mice showed that
removal of the thymus, thus preventing the development of CD4+CD25+ cells, resulted in
autoimmune disorders (Suri-Payer, Amar, Thornton, & Shevach, 1998). Isolation of Tregs
and incubation with CD25- T cells later demonstrated their ability to suppress that population
once their own T cell receptor (TCR) was activated (Shevach, 2002). Induced Tregs are
formed in the periphery from a CD4+CD25- population in response to the local environment.
Unlike naturally occurring Tregs, inducible Tregs are contact independent (Jonuleit &
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Schmitt, 2003). TGF-β or IL-10 exposure primarily from dendritic cells as APCs induces
their differentiation to CD4+CD25+FoxP3+ cells (Chen et al., 2003; Jonuleit & Schmitt,
2003).
Because of their purported regulatory abilities, Tregs have been evaluated in many
autoimmune and inflammatory diseases. In 2006, the first study evaluating Tregs in patients
with ITP found that the percentage of Tregs as identified by flow cytometry was significantly
lower in patients with active ITP not in remission compared with both patients with ITP in
remission and healthy subjects (B. Liu et al., 2007). In this study, there was no difference in
the percentage of Tregs in ITP patients in remission and healthy controls (B. Liu et al., 2007).
However, other studies have shown there was no difference noted in the percentage of Tregs
detected by flow cytometry in the peripheral blood of patients with chronic refractory ITP
compared to healthy controls (J. Yu et al., 2008), suggesting that the shift in Treg
percentages may not be universal in all stages of ITP.
If the percentage of Tregs is reduced in ITP, the question of what leads to that
reduction remains. Tregs are known to be induced partially by the cytokine profile of their
environment (Jonuleit & Schmitt, 2003), and in turn help with modulation of dendritic cell
survival and function (Catani et al., 2013). However, the dendritic cell population also
contributes to Treg generation. Dendritic cells produce indoleamine 2,3-dioxygenase 1
(IDO1), an immunoregulatory enzyme involved in tryptophan metabolism. The upregulation
of IDO1 production can lead to changes in immune cell populations secondary to tryptophan
deprivation (Hill et al., 2007). Additionally, it was shown by Hill et al. that IDO production
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by dendritic cells led to an expansion of Treg populations (Hill et al., 2007). Given these
findings, Catani et al. evaluated IDO expression in mature dendritic cells from acute and
chronic ITP patients and healthy controls. They found reduced expression of IDO1
expression in mature dendritic cells of patients with ITP compared with controls, although no
difference between groups of ITP patients (acute versus chronic disease) (Catani et al., 2013).
Additionally, dendritic cells taken from ITP patients could not stimulate Treg expansion in
vitro to the same degree as dendritic cells from control patients (Catani et al., 2013).
Mirroring previous studies as well, Tregs from those ITP patients had a significantly lower
suppressive ability in vitro on CD4+CD25- cells than Tregs from control patients (Catani et
al., 2013).
The possibility that not only Treg numbers, but also function, may be affected in ITP
has been raised as well. Tregs constitutively express TNF receptor II (TNFRII), which when
bound to TNF-a suppresses their usual functions (Yazdanbakhsh, 2016). Previous studies
had shown increased TNF-a concentrations in patients with ITP, but Zhong et al. showed
that CD4+ cells specifically made more TNF-a, and that Tregs from patients in ITP were
more sensitive to the inhibitory effects of TNF-a secondary to increased TNFRII on their
surface (Zhong, Bussel, & Yazdanbakhsh, 2015). Liu et al. demonstrated that Tregs isolated
from splenic tissue of ITP patients had limited suppressive capabilities in vitro when
compared with Tregs isolated from splenic tissue of patients with hereditary splenocytosis,
thus indicating a possible functional abnormality as well as deficiency of Treg numbers in
ITP patients (B. Liu et al., 2007). This was duplicated by Yu et al. in which a failure of Tregs
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from patients with chronic ITP to suppress CD4+CD25- T cell proliferation in vitro was
demonstrated (J. Yu et al., 2008).
Opposing the role of Tregs is a subset of T-cells known as Th17 cells. Th17 cells
secrete IL-17 and other cytokines leading to inflammation and possible autoimmune disease
(H. Park et al., 2005). IL-17 most commonly refers to the cytokine IL-17A, as six family
members (A-F) exist (Kolls & Lindén, 2004). IL-17 is known for its potent inflammatory
properties including induction of GCSF, chemokines, IL-6, TNF, and matrix
metalloproteinases (Zenobia & Hajishengallis, 2015). Interestingly, both Th17 and Tregs
share a common precursor and are induced by TGF-β, and it is the presence or absence of
other cytokines such as ROR-γ-t, IL-1β, IL-23, and others that determine if the CD4+ cells
differentiate to become Tregs or Th17 cells (Manel, Unutmaz, & Littman, 2008).
The role of Th17 cells in ITP was initially debated, but has since become largely
accepted as a both a possible mediator of pathogenesis and potential therapeutic target (Ye et
al., 2015). One group evaluated the percentages of both Tregs and Th17 cells and the
Treg/Th17 ratios in patients with newly diagnosed ITP that required treatment and those that
were observed with no treatment needed, compared to healthy adults (Ji et al., 2012). While
the percentage of Th17 cells was significantly higher in those ITP patients who required
treatment and healthy controls, and ITP patients who did not require treatment and healthy
controls, there was no significant difference in Th17 cell percentage in patients with ITP who
did or did not require treatment (Ji et al., 2012). Similar to prior studies, the patients with ITP
requiring treatment had a significantly lower percentage of Tregs compared to those with ITP
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not requiring treatment and healthy adults (Ji et al., 2012). These percentages resulted in a
significantly lower Treg/Th17 ratio in ITP patients not receiving treatment compared to
healthy controls, ITP patients receiving treatment compared to those who did not receive
treatment, and ITP patients receiving treatment compared to controls (Ji et al., 2012). In
patients receiving treatment, a small number were evaluated for response and it was noted
that the responders had significantly higher Treg percentages, and thus a higher Treg/Th17
ratio, at diagnosis than non-responders (Ji et al., 2012).
These findings are similar to both previous and later studies evaluating Th17 cell
populations by flow cytometry in patients with chronic or active ITP compared with controls,
where the percentage of Th17 cells was markedly increased in patients with ITP (Ye et al.,
2015; Zhang et al., 2009). The genesis of the shift toward a Th17 signature and away from
Tregs is postulated to be partially mediated by increased IL-23. IL-23, a member of the IL-12
family of cytokines, is crucial to the development of Th17 cells from a common progenitor
cell with Tregs. The Th17/IL-23 pathway is known to be important in several other
autoimmune diseases (Lubberts, 2008) therefore, it stood to reason that the Th17 shift in ITP
may also be secondary to increased IL-23. Ye at al. compared cytokine mRNA expression,
plasma cytokine concentration, and percentage of Th17 cells in patients with chronic and
newly diagnosed ITP and healthy controls. They found that IL-23 mRNA was increased, as
were plasma levels of IL-17 and IL-23 and percentages of Th17 cells in ITP patients
compared to controls (Ye et al., 2015). A small percentage of the patients enrolled in the
study were followed throughout treatment, and with control of their disease, both plasma IL-
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23 and IL-17 levels fell (Ye et al., 2015). These findings mirrored another study evaluating
the IL-12 family of cytokines, specifically IL-12, IL-23, IL-27, IFN-g, IL-4 and IL-17A in
patients with chronic ITP who had not received steroids for at least one month (Q. Li, L.
Zhang, et al., 2015). They found patients with untreated ITP had significantly higher IL-12,
IL-23, IL-27, IFN-g, and IL-17A, and significantly lower IL-35 and IL-4 than controls (Q. Li,
L. Zhang, et al., 2015). Moreover, when the ITP patients were treated with dexamethasone
and exhibited a complete response, their cytokine levels normalized, and were not
significantly different from controls (Q. Li, L. Zhang, et al., 2015).
Importantly, these cytokine findings also reconfirmed previous work showing a
Th1/Th2 imbalance in ITP, with a polarization toward Th1 cells (producing IL-2) and away
from Th2 cells (producing IL-4, IL-5) (Panitsas et al., 2004). Furthermore, when humans
with active, untreated ITP received dexamethasone and had a response in platelet count, their
Th1/Th2 ratios normalized as determined by chemokine receptor mRNA expression (Z. Liu
et al., 2016).
Another CD4+ T cell lineage, Th22 cells, have been found to correlate with Th17 cell
populations in ITP and may also contribute to the pathogenesis of disease. Th22 cells
produce IL-22 and TNF-a, but not IL-17 or IFN-g. IL-22 is a pro-inflammatory cytokine
with in the IL-10 family that has been linked to several autoimmune diseases (Cao et al.,
2011). Patients with newly-diagnosed ITP had significantly more Th22 cells identified by
flow cytometry and significantly higher plasma IL-22 concentrations by ELISA than healthy
controls (Hu et al., 2012). Additionally, this same group found ITP patients had higher
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percentages of Th17 and Th1 cells than the healthy population, and that there was a positive
correlation between IL-22 plasma concentrations and percentage of Th22 cells in patients
with ITP (Hu et al., 2012).
The cytokine IL-10 is a point of conflicting information. IL-10 was found to be
higher in some patients with active ITP compared with controls in an earlier study evaluating
Tregs (B. Liu et al., 2007). This was important because it is known that IL-10 helps with
differentiation of Tregs (Chen et al., 2003; Jonuleit & Schmitt, 2003). The source of IL-10
was unknown at that time, although it had been previously reported that IL-10 was both
decreased in patients with active ITP and increased in patients with chronic ITP (Panitsas et
al., 2004). Further work to clarify the concentrations and role of IL-10 in other autoimmune
diseases led to the discovery of a subset of regulatory B cells, B10 cells, that produce IL-10
in a regulatory fashion. Investigating the prevalence of these IL-10 producing cells in humans
with newly diagnosed ITP showed a positive correlation between B10 cell percentages and
Treg percentages at diagnosis (Hua et al., 2014). Additionally, the overall percentage of B10
cells was increased in ITP patients, both before and after treatment, compared to healthy
control humans (Hua et al., 2014). The results suggested that there may be decreased or
inhibited secretion of IL-10 from these cells given previous work showing conflicting levels
of IL-10 in patients with ITP (Hua et al., 2014). These conclusions had been mirrored in
previous work by the same group showing higher numbers of B10 cells in patients with ITP,
higher IL-10 mRNA in those cells, but lower IL-10 concentrations in patient plasma (Hua et
al., 2012). These conclusions were also later documented in Treg production of IL-10, where
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a greater percentage of Tregs from patients with active ITP were IL-10+ via intracellular
staining, but supernatant of those cultured cells contained less IL-10 than healthy controls or
ITP in remission (F. Li et al., 2015). This led to the conclusion that IL-10 secretion appears
impaired in Tregs as in B10 cells, and may additionally be partially responsible for the
pathogenesis of ITP (F. Li et al., 2015).

1.2.2 B cells in ITP: Bregs, B10 cells, and B cell activating factor
While the involvement of various T cell subsets is a relatively new discovery related
to the pathogenesis of ITP, the involvement of B cells in platelet destruction has been wellestablished since the 1970s (McMillan et al., 1971). It is accepted that in the majority of
patients with ITP, B cells produce antibodies against platelet glycoproteins (most commonly
GPIIb/IIIa and GPIb/IX). These antibodies are bound by the Fc receptors of macrophages in
the reticuloendothelial system and result in platelet destruction. Thus, what drives the
production of the autoantibodies and allows the proliferation and survival of self-reactive B
cells is an active area of research and discovery in ITP. This problem has been addressed
from several angles, often mirroring the investigation into the role of T cells in ITP: failure of
regulatory B cells, rescue or proliferation of self-reactive B cells, and aberrant cell-signaling
such as through Toll-Like Receptors (TLRs).
Similar to T cells, there exist subsets of B cells with immune regulatory mechanisms:
Bregs (CD19+CD24hiCD38hi). Studies in mice have shown that several subsets of Bregs
produce IL-10, which helps drive the differentiation of immature T cells toward Tregs and
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away from Th1 and Th17 cells (Carter, Rosser, & Mauri, 2012). In human patients with ITP,
given what is known about the shift toward a Th1/Th17 environment, it is natural to explore
the connection between these two cell lines. One group evaluated the ability of Bregs from
chronic, untreated ITP patients to express IL-10 and inhibit monocyte TNF-a (X. Li et al.,
2012). They found not only did untreated ITP patients with <50x109/L platelets have fewer
CD19+CD24hiCD38hi cells, but also that those CD19+CD24hiCD38hi cells that were present
expressed significantly less IL-10 after stimulation than in healthy controls and were less
able to inhibit monocytes than those of healthy controls (X. Li et al., 2012). However, as
discussed previously, Hua et al. found instead a higher number of CD19+ IL-10 producing
cells in newly diagnosed ITP patients compared to control patients (Hua et al., 2014). In
Hua’s study, of those patients in that cohort that were followed, those with no response to
therapy began with a significantly lower number of CD19+ IL-10 producing cells than the
partial responders or those experiencing complete remission (Hua et al., 2014). It is important
to note, however, that the function of the Breg cells was not assessed in that study, and the
selection of Breg cells differed between the two groups, with one using the stricter inclusion
criteria of CD19+CD24hiCD38hi. Impaired function of Bregs classified as
CD19+CD24hiCD38hi has been shown in SLE compared to healthy controls, despite absolute
numbers of those cells not differing significantly between those groups (Blair et al., 2010).
Taken together these studies suggest that IL-10 production capabilities by Breg cells may
influence ITP outcome, and like Tregs, both changes in number and functional capacity are
likely important in Bregs in ITP.
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Complicating studies of Bregs in immune disease, multiple lineages of Bregs appear
to exist, and a single discriminatory marker analogous to the Treg-FoxP3 connection has yet
to be found (Mauri & Menon, 2015). B10 cells are identified solely by their ability to
produce IL-10, typically via intracellular staining (Kalampokis, Yoshizaki, & Tedder, 2013),
although various studies have defined them differently as noted previously. Several
mechanisms of IL-10 induction exist including CD40 ligation or exposure to
lipopolysaccharide or CpG oligonucleotides (Kalampokis et al., 2013). Additionally, Bregs
may represent a transient state of B cells, such that any B cell may exert regulatory capacity
given an environment that demands it, rather than a final state toward which B cell subsets
mature (Mauri & Menon, 2015).
What drives either a deficiency of B10 cells, or functional impairment of B10 cells, in
autoimmune disease is unknown. Recently, a cytokine involved in B cell maturation,
differentiation and survival, B cell activating factor (BAFF), has been implicated as
contributing to a Breg imbalance in autoimmune disease in mice (Ma et al., 2017). Both
lupus-prone and experimental allergic encephalomyelitis (EAE) mice were evaluated for
proportions of B10 cells and the effects of BAFF blockade (Ma et al., 2017). In inflammatory
states, BAFF selected IL-10(-) cells preferentially over IL-10(+) cells due to a higher number
of BAFF receptors on the IL-10(-) cells, while in the absence of inflammation, BAFF
stimulation led to the expansion of IL-10(+) B cells (Ma et al., 2017).
Antigen presenting cells, T cells and peripheral blood mononuclear cells produce
BAFF both constitutively and in response to other cytokines such as interferons, IL-10 and
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G-CSF (Huard et al., 2004; Nardelli et al., 2001). Once produced, BAFF initially exerts its
effects by binding to a BAFF receptor ligand located on B cells. Bound BAFF ultimately
leads to cell growth and inhibition of apoptotic signals resulting in prolonged B-cell survival
(Patke, Mecklenbrauker, Erdjument-Bromage, Tempst, & Tarakhovsky, 2006; Woodland et
al., 2008).
In vivo models using BAFF transgenic mice demonstrated that high concentrations of
BAFF are associated with increased numbers of mature B cells, circulating immunecomplexes, effector T cells (F. Mackay et al., 1999) and the development of an autoimmune
lupus-like disease (Khare et al., 2000). Further investigation has shown that numerous
autoimmune diseases in people have been associated with elevated serum BAFF
concentrations, increased autoantibody production, and expanded low-affinity self-reactive B
cell populations (I. R. Mackay, Groom, & Mackay, 2002; Pers et al., 2005; Thien et al.,
2004). The link between BAFF and some autoimmune diseases such as systemic lupus
erythematosus (SLE) is so strong that monoclonal antibodies against BAFF, which lower the
level of the cytokine within the blood, are used as treatments (Navarra et al., 2011).
Several independent studies have demonstrated increased levels of BAFF in humans
with active ITP compared with humans with secondary ITP, healthy controls, or patients with
ITP in remission (Emmerich et al., 2007; Thomas, Machin, Mackie, & Scully, 2011; Zhu et
al., 2009). What drives the BAFF increase in autoimmune disease is unknown, but several
groups have implicated Toll-like receptors (TLRs) in ITP specifically (Yang, Xu, et al.,
2011; H. Yu et al., 2011). TLRs play a key role in activating B cells, often via dendritic cells
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(DCs), and increased levels of TLRs in ITP have been noted in microarray studies (Sood,
Wong, Jeng, & Zehnder, 2006; Yang, Xu, et al., 2011), however, the role of TLR
upregulation was unknown. One group found that in vitro DCs stimulated with a TLR7
agonist produced large amounts of BAFF, and in patients with ITP, there was a positive
correlation between concentrations of anti-GP antibody and serum BAFF, and between
serum BAFF and relative TLR7 mRNA expression (H. Yu et al., 2011). This suggested a
synergy between TLR7 from DCs and increased serum BAFF in ITP.
These findings were mirrored in an additional study in which TLR7 expression was
found to be increased in a mouse model of ITP (Yang, Xu, et al., 2011). When the ITP mice
were treated with a TLR7 silencing lentivirus their platelet counts increased, and when they
were treated with the TLR7 agonist imiquimod their platelet counts further decreased (Yang,
Xu, et al., 2011). Additionally, platelet-associated IgG (PAIgG) was noted to increase after
TLR7 agonist administration and decrease with lentiviral silencing (Yang, Xu, et al., 2011).
Importantly, there was no difference in platelet count or PAIgG in any of the control groups
of mice with TLR7 silencing or TLR agonist administration. Correlating these TLR7 findings
to BAFF, splenic mononuclear cells from the ITP mice were cultured in vitro and found to
have significantly higher supernatant BAFF than controls (Yang, Xu, et al., 2011), which was
further increased with imiquimod. However, TLR7 silencing did not change the
concentrations of BAFF in ITP mice or controls (Yang, Xu, et al., 2011). Overall, this
supported a role for TLR7 in driving increased BAFF production via APCs in ITP.
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More recently, TLR expression was investigated in a human cohort of patients with
newly diagnosed and refractory ITP (Hua et al., 2016). Splenic B cells and peripheral B cells
were evaluated for mRNA expression of TLRs and downstream cytokines. However, only
IL-10 and IL-1b were found to be significantly upregulated in both splenic and peripheral B
cells, and not TLR7 (Hua et al., 2016). It is unknown if the APCs in those patients may have
had upregulation of TLR7 expression, similar to the prior mouse studies (Yang, Xu, et al.,
2011).
1.2.3 Antigen Presenting Cells in ITP
Antigen presenting cells (APCs) are the first line of defense against many pathogens,
and have an important role in the maintenance of self-tolerance. In the case of the
pathophysiology of ITP, they have important roles not only in direct platelet destruction but
also as the facilitators between the innate and adaptive immune responses. Thus, antigen
presenting cells have a vital role in the pathogenesis of ITP through mediating direct
destruction of platelets, production of cytokines implicated in self-reactive B cell survival,
and shifts in T cell populations.
Macrophages in the spleen are normally responsible for removal of aged platelets
from filtered blood, and thus when anti-GP antibodies opsonize platelets these macrophages
work quickly to destroy them (McKenzie et al., 2013). With regards to B cells, the previously
mentioned studies show a change in TLR7 in mouse models of ITP, and changes in several
downstream TLR cytokines in ITP in humans (Hua et al., 2016; Yang, Xu, et al., 2011),
suggesting that perhaps TLR activation by DCs leads to production of cytokines such as
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BAFF that promote self-reactive B cell proliferation, or changes in regulatory B cell
cytokines like IL-10.
The links between shifts of T cell populations and antigen presenting cells are
numerous. The DC regulatory molecule IDO1 helps to ensure adequate populations of Tregs,
and as referenced previously has been shown to be decreased in DC populations in patients
with ITP (Catani et al., 2013). Additionally, it has been shown that monocytes can drive T
cell differentiation.
Monocytes, the precursors to macrophages and dendritic cells found in the peripheral
blood, have three distinct lineages based on two surface markers CD16 and CD14: classical
(CD14hiCD16-), intermediate (CD14++CD16+), and nonclassical (CD14+CD16++) (Zhong et
al., 2012; Ziegler-Heitbrock, 2015; Ziegler-Heitbrock et al., 2010). CD14hiCD16- cells, the
most common linage accounting for up to 90% of monocytes, act primarily as phagocytic
cells (Ziegler-Heitbrock et al., 2010). The nonclassical cells have higher intracellular
proinflammatory TNF and lower anti-inflammatory IL-10 compared to classical monocytes,
and appear to present certain antigens in a more effective manner than classical monocytes
(Ziegler-Heitbrock, 2007). During inflammation the cell populations shift from the classical
to intermediate and then nonclassical cell types (Ziegler-Heitbrock et al., 2010).
In humans with chronic ITP being treated with various thrombopoietin agonists,
CD16+ monocytes were higher in patients with very low platelet counts (<50x109/L)
compared to those with higher platelet counts (>50x109/L) and controls (Zhong et al., 2012).
Those patients with higher CD16+ cells were also found to have higher numbers of

18

CD4+IFN-g+ T cells (indicating a Th1 response), and lower Treg and CD4+IL-17+ T cells (a
reduced Th17 response) (Zhong et al., 2012). When CD16+ cells were depleted in blood from
those ITP patients and controls, an increase in Treg frequency and CD4+IL-17+ frequency
was seen, indicating that the CD16+ cells could drive T cell polarization (Zhong et al., 2012).
Importantly, in co-culture experiments with isolated T cells and CD16+ cells from the ITP
patients, blocking IL-12 secreted from CD16+ cells nearly abolished the ability of those cells
to induce Th1 polarization (Zhong et al., 2012). Taken together this indicates that CD16+
cells, via IL-12, can contribute to the decrease in Tregs and increase in a Th1-type response
in ITP patients. Importantly, CD16+ cells in nonhuman primates have increased TLR7
expression, which as discussed previously is known to activate B cells and contribute to the
production of cytokines like BAFF that are increased in ITP patients and to drive IL-12
production contributing to T cell imbalance (Yang, Wang, et al., 2011).
As previously discussed, antigen presenting cells also produce IL-23, which
influences T cell population development. While IL-12 appears to shift polarization of T cells
away from IL-17+ cells, IL-23 has been shown to expand Th17 responses in ITP (Ye et al.,
2015). In patients with both acute and chronic ITP relative gene expression of IL-12 and IL23 and absolute concentrations of plasma IL-12 and IL-23 were higher in ITP patients
PBMCs than controls (Q. Li, Yang, Xia, Xia, & Zhang, 2015). The authors of that study
postulated that a positive feedback loop exists, with the IL-12 leading to production of Th1
cells, which in turn produce IFN-g, which then primes additional APCs for IL-12 production.
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1.3 The pathogenesis of peripheral platelet destruction in dogs with ITP
In comparison to humans, little is known regarding the exact pathogenesis of ITP in
dogs. Several groups have identified platelet-associated IgG in dogs suspected of having ITP,
although in veterinary medicine PAIgG has not frequently been used in the diagnosis or
monitoring of disease due to low availability of the assay and its inability to distinguish
primary (autoimmune) ITP from secondary (triggered by other diseases) ITP (Dircks,
Schuberth, & Mischke, 2009). One group has evaluated changes in Treg frequencies in dogs
with ITP and chronic enteropathy (Volkmann et al., 2014). Using flow cytometry Volkmann
et al. compared Treg frequencies in dogs with clinical ITP, dogs with ITP in remission, and
healthy controls, finding that the clinically affected dogs had fewer Tregs in peripheral
circulation than either control group. While this study was limited by small group sizes (7
dogs total with ITP and 13 healthy controls), it did establish a link between humans and dogs
in the pathogenesis of spontaneous ITP.
One study evaluating experimentally-induced and naturally occurring ITP in dogs
with cytokine/chemokine analysis found that lower serum IL-10 concentrations were directly
correlated with severity of bleeding (LeVine et al., 2014). While the outcome of that study
was not to evaluate cytokine profiles of naturally occurring ITP in dogs, given what is known
about IL-10 producing cells and the pathophysiology of ITP in humans, this finding warrants
further investigation.
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1.4 Conclusions
ITP has several similarities in both humans and dogs (LeVine et al., 2014), however
much more is known of the pathogenesis of ITP in humans. Advances in the knowledge of
the etiology of ITP in humans in recent years have led to reliance on new treatments such a
TPO agonists (Cuker & Neunert, 2016; Neunert et al., 2011). At present, the knowledge gaps
in terms of the pathogenesis of ITP in dogs are large: do dogs share the same effector cells
beyond B cells, including nonclassical monocytes and various T cell subsets? Does decreased
platelet production play a role in thrombocytopenia? Does megakaryocyte destruction play a
role? Is there a Th cell polarization that occurs?
Based on one study it does seem possible that Tregs are also affected in dogs with
ITP (Volkmann et al., 2014), but little is known of other groups of CD4+ T cells or the
change in polarization with disease. Th1, Th2, Treg and Th17 cytokine expression has been
previously evaluated via RT-qPCR in dogs with inflammatory bowel disease and sterile
meningitis (E. S. Park, Uchida, & Nakayama, 2013; Schmitz, Garden, Werling, &
Allenspach, 2012). Th17 cells have recently been characterized with flow cytometry in
peripheral blood of healthy dogs and with immunofluorescence in tissues of dogs with
inflammatory diseases, representing an important step in establishing a protocol to evaluate
the cells in other diseases such as ITP (Kol, Walker, Nordstrom, & Borjesson, 2016).
While little is known of newly discovered T cell subsets in dogs, even less is certain
regarding B regulatory cells, B cell survival cytokines, and monocyte lineages in dogs.
Canine total monocyte numbers have been previously evaluated primarily in neoplasia,
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although in a recent study a subset of intermediate CD14+CD16+ monocytes was found in
dogs with osteosarcoma (Tuohy, Lascelles, Griffith, & Fogle, 2016). Recently IgDhi B cells
that produce IL-10 similarly to certain groups of Breg cells described previously in humans
and mice were noted in dogs with visceral leishmaniasis (Schaut et al., 2016). Another group
investigating changes in mucosal immunoglobulins in dogs with IBD evaluated BAFF in
attempts to explain a decreased concentration of duodenal IgA in biopsy samples from
affected dogs (Maeda et al., 2013). However, no group has evaluated BAFF in dogs with
other inflammatory or immune-mediated diseases in dogs. Given recent advances in the
knowledge of BAFF in other human immune-mediated diseases such as systemic lupus
erythematosus and its use as a therapeutic target for that disease (Coquery et al., 2014;
Navarra et al., 2011; Pers et al., 2005), we elected to evaluate BAFF in dogs with ITP as a
potential diagnostic biomarker. We hypothesize that BAFF will be a sensitive and specific
biomarker for the diagnosis of ITP, able to aid in treatment duration decisions and
monitoring for the risk of relapse.
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CHAPTER TWO: CHARACTERIZATION OF B CELL ACTIVATING FACTOR IN
A CANINE MACROPHAGE CELL LINE AND HEALTHY DOGS

2.1 Introduction
B cell activating factor (BAFF, also described as tumor necrosis factor superfamily
member 13b, and B lymphocyte stimulator) is a cytokine of the tumor necrosis factor
superfamily (TNFSF). While BAFF production has been documented in a variety of cells and
tissues, the primary sources are T cells, dendritic cells, and macrophages (Kim, Seo, & Kim,
2011; Moore et al., 1999; Schneider et al., 1999). These cells produce BAFF in response to
interferons, IL-10 and toll-like receptor stimulation (Huard et al., 2004; Nardelli et al., 2001).
Once produced, BAFF binds to one of three receptors, BAFF-R, transmembrane activator
and CAML interactor (TACI), or B cell maturation antigen (BCMA) and contributes to B
cell maturation, T cell independent class switching, and plasma cell survival (Bossen &
Schneider, 2006). Additionally, an alternatively spliced version of BAFF, termed ΔBAFF, is
present in humans and mice and acts as a negative regulator of BAFF (Gavin, AitAzzouzene, Ware, & Nemazee, 2003; Gavin et al., 2005).
After the discovery of BAFF, studies utilizing BAFF-transgenic mice noted not only
the development of more B cells and larger lymphoid organs, but also the development of a
disease similar to systemic lupus erythematosus (SLE) (Mackay et al., 1999; Thien et al.,
2004). Since then, the link between increased BAFF and autoimmune disease has been
strengthened through associations found in many diseases including SLE, Sjogren’s
syndrome, rheumatoid arthritis, and immune thrombocytopenia (Emmerich et al., 2007; Pers
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et al., 2005). The link between BAFF and autoimmune disease is so strong that monoclonal
antibodies against BAFF have been approved for use to treat SLE (Navarra et al., 2011).
BAFF has been previously described in dogs and noted to have a similar structure and
function in stimulating B cell survival (Shen et al., 2011). However, this work dealt primarily
with recombinant BAFF produced in E. coli rather than BAFF isolated from canine tissues.
Despite the clear connection between autoimmune disease and BAFF in humans, there are
few published studies evaluating BAFF levels in dogs with analogous autoimmune diseases,
and only one commercial assay to quantify BAFF exists (Maeda et al., 2014; Maeda et al.,
2013). There has been no characterization of canine ΔBAFF. Further characterization of
BAFF in canine tissues would facilitate future study of this cytokine.
Given that BAFF is produced by both human and murine macrophages (Kim et al.,
2011; Munari et al., 2014), we selected a canine macrophage cell line (030-D) to evaluate for
BAFF and ΔBAFF. Here we describe BAFF and ΔBAFF production in 030-D cells through
RT-qPCR, Western blotting, and validation of a commercially available canine BAFF
ELISA, as well as identification of native canine BAFF via Western blotting with splenic
tissue lysates.

2.2 Materials and Methods
2.2.1 RNA extraction, cDNA synthesis, and RT-PCR of 030-D cells
030-D cells were cultured at 37°C with 5% CO2 in RPMI with glutamine with 10%
FBS for 5 days or until post-confluency. Total RNA extraction was performed using TRIzol
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LS (ThermoFisher Scientific, Grand Island, NY) as per the manufacturer’s instructions.
Purified RNA was quantified via NanoDrop Spectrophotometry. For reverse transcription to
synthesize cDNA, 100ng of RNA was combined with distilled water to a volume of 19.25µl,
11µl 25mM MgCl, 5µl 10x RT buffer, 10µl 2.5mM dNTPs, 2.5µl 50uM random hexamers,
1µl 20U/ul RNase inhibitor, and 1.25µl 50U/ul reverse transcriptase as part of a commercial
kit (TaqMan Gold RT-PCR, ThermoFisher Scientific, Grand Island, NY). Samples were held
at 25°C for 10 minutes, followed by 48°C for 1 hour, and 95°C for 5 min.
Intron-spanning primers were manually designed using a putative BAFF homologue
(NM_001161710.2) in the canine genome to amplify a 129 base pair region of the mRNA
and consisted of Forward (Baff F1: 5’CCTCAGCTCTGAACGGAATC3’) and Reverse (Baff
R1: 5’GCAATCAGTTGCAAGCAGTC3’). Each 50µl reaction consisted of 1µl cDNA, 25µl
Power SYBR Green Master Mix (ThermoFisher Scientific, Grand Island, NY), 0.5µl 50uM
Fwd primer, 0.5µl 50uM Rev primer, and 25µl water. Reaction times included an initial 3min
at 95C, followed by 45 cycles of 10sec at 95C, 20sec at 58C, and 30sec at 72C. Amplicons
were visualized on an agarose gel and bidirectionally sequenced (Genewiz, South Plainfield,
NJ), with the sequence constructs submitted to a basic local alignment search tool (BLAST)
to confirm 100% homology with the expected product from NM_001161710.2.
2.2.2 030-D Cell lysis and Immunoblotting
030-D cells cultured as described above were harvested for immunoblotting both with
and without the use of extraction buffers. Initially, cells were harvested by removal of culture
media, washing with ice cold phosphate buffered saline (PBS), and addition of 0.5ml per
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5x106 cells/60mm dish/75cm2 flask) RIPA Lysis and Extraction Buffer (ThermoFisher
Scientific, Grand Island, NY) or 5x Extraction Buffer (abcam, Cambridge, Mass.). Adherent
cells were removed from the plate using a cold plastic scraper and transferred into a
precooled microcentrifuge tube, which was then agitated constantly for 30 min at 4°C,
followed by centrifuging at 12,000 rpm for 20 min at 4°C. The resultant supernatant was
decanted and stored at -80°C until analysis.
Without the use of extraction buffers, cells were harvested by removal of culture
media followed by washing with ice-cold PBS, manual scraping of cells and collection in a
precooled microcentrifuge tube, centrifugation and washing with PBS three times,
resuspsension in ice-cold PBS, and sonication for 30 seconds three times, three freeze-thaw
cycles, or both, followed by centrifugation at 3,000rpm for 15min at 4°C.
Whole lysate protein was quantified with the use of a commercially available kit
(QuantiPro BCA Assay, Sigma Aldrich). The protocol for this assay was modified in that the
standard was prepared at the following concentrations: 2mg/ml, 1.5mg/ml, 1mg/ml,
0.75mg/ml, 0.5mg/ml, 0.25mg/ml, 0.125mg/ml, and 0.025mg/ml, 25µl of each standard or
sample was used in duplicate, 200µl of working reagent (250µl Cu++, 6.25ml QA, 6.25ml
QB) was added to each well, and the plate was incubated at 37C for 30 minutes. Optical
density (OD) was measured at a wavelength of 562nm with a microplate reader.
Polyacrylamide gel electrophoresis was performed on each of the whole cell lysate
preparations using 4-12% Bis-Tris gradient gels under denaturing conditions. Proteins were
transferred to a PVDF membrane and after blocking were probed with an anti-human BAFF
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primary antibody (EMD Millipore, Germany) and an HRP-labeled appropriate secondary
antibody. Chemiluminescence was detected using a commercially available
chemiluminescent HRP substrate (Immobilon Western, Millipore, Billerica, Mass.). A
commercially available recombinant canine BAFF fragment (Kingfisher Biotech, St. Paul,
Minn.) was used as a positive control.
2.2.3 ELISA quantification of 030-D BAFF protein
A commercially available canine BAFF ELISA (amsbio, Lake Forest, Calif.) was
evaluated for its ability to detect BAFF in each of the three cell lysate preparations as
described above as well as 030-D protein extractions in RIPA Lysis and Extraction Buffer
(ThermoFisher Scientific, Grand Island, NY) and 5x Extraction Buffer (abcam, Cambridge,
Mass.). The ELISA was initially performed as per the manufacturer’s instructions, with the
use of a Balance solution in the cell lysate preparations.
To evaluate the influence of the extraction buffers on the ELISA capture antibody the
kit standard solution was diluted from a concentration of 5000pg/ml to 2500pg/ml,
1000pg/ml, 500pg/ml, 250pg/ml, and 0pg/ml (extraction buffer only) with each extraction
buffer in addition to being run as described in the kit instructions. The ELISA was also
performed once with an extra wash step between the incubation with samples/standards and
application of the secondary antibody, to assess the affect this may have on interference from
the extraction buffers.
For each of the three extraction buffer-free protein extraction methods, each sample
was run neat, diluted 1:2 with PBS (frozen, sonicated, and both lysates), or extraction buffer,
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and diluted 1:4 with PBS (frozen, sonicated, and both lysates), or extraction buffer.
Additionally, each dilution of the physically disrupted cells was run in duplicate, with one set
boiled for 5min prior to application. A commercially available recombinant canine BAFF
fragment (Kingfisher Biotech, St. Paul, Minn.) was used as an additional positive control.
Optical density (OD) of the samples was measured at a wavelength of 462nm with a
microplate reader, as per the kit’s instructions.
2.2.4 RT-PCR for identification of ΔBAFF in 030-D cells
Amino acid and mRNA alignments of human and murine ΔBAFF (acc. nos.
GenBank: AY302751.1 and GenBank: AY290823) showed each missing nearly completely
homologous (49/57nt) nucleotide sequences, although different predicted exons (exon 3 in
humans and exon 4 in mice). The missing amino acid sequence was aligned with the reported
exon 3 of canine BAFF (NM_001161710.2). Primers were designed manually to flank exon
three, resulting in a BAFF product of 257bp and ΔBAFF product of 200bp in the same
reaction, and consisted of Forward (Baff F1: 5’CCTCAGCTCTGAACGGAATC3’) and
Reverse (BaffE4PR: 5’GTAACCGGCTTCTTTTACAAGT3’). Each 50µl reaction consisted
of 1µl previously synthesized 030-D cDNA, 25µl Power SYBR Green Master Mix
(ThermoFisher Scientific, Grand Island, NY), 0.5µl 50uM Fwd primer, 0.5µl 50uM Rev
primer, and 25µl water. Reaction times included an initial 5min at 95C, followed by 45
cycles of 15sec at 95C, 30sec at a gradient from 55-62C, and 60sec and 72C. Amplicons
were visualized on an agarose gel, extracted from the gel and purified via a commercial kit
per the manufacturer’s instructions (QIAQuick, Valencia, Calif.), and bidirectionally
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sequenced (Genewiz, South Plainfield, NJ), with the sequence constructs submitted to a basic
local alignment search tool (BLAST) to confirm 100% homology with the expected products.
2.2.5 Splenic cell lysis and immunoblotting
Splenic tissue was obtained from a recently deceased, previously healthy adult terrier
mix dog and frozen at -80C until processing. For protein extraction, 0.2g of splenic tissue
was washed with ice cold PBS until the PBS remained clear, minced and homogenized in
1.5ml cold PBS with a glass homogenizer, followed by three cycles of sonication and
centrifugation as described previously for the 030-D cells. The resultant supernatant was
decanted and used in immunoblotting as described above to assess the presence of BAFF in
canine splenic tissue.

2.3 Results
2.3.1 Production of BAFF mRNA by 030-D cells
The canine macrophage cell line 030-D expresses BAFF mRNA as indicated by PCR
amplification of a 129bp segment of the BAFF mRNA sequence. The identity of this
amplicon was confirmed via agarose gel electrophoresis and bidirectional sequencing.
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2.3.2 Production of BAFF protein by 030-D cells

'JHVSF8FTUFSOCMPUPG%DFMMMZTBUFT
BOE DBOJOF TQMFOJD UJTTVF .BHJD .BSL 91
4UBOEBSE MBOF   TIPXT CBOET JO MBOFT 
TQMFFO   3*1" FYUSBDUFE %  BOE 
&YUSBDUJPO #VòFS FYUSBDUFE %  BU
BQQSPYJNBUFMZL%B5IJTJTDPOTJTUFOUXJUI
UIFSFQPSUFETJ[FPGDBOJOFGVMMMFOHUI#"''

The canine macrophage cell line 030-D expresses BAFF protein as indicated by
Western blotting and detection of an appropriately sized 32kDa product for various
extraction methods with 030-D cells (Figure 1). The 17kDa commercially available
recombinant canine BAFF fragment was also detected using this antibody pair (Figure 2).
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2.3.3 Failure of a commercially available canine BAFF ELISA to detect BAFF in 030-D
cell lysate

'JHVSF  8FTUFSO CMPU PG
DPNNFSDJBMMZ
BWBJMBCMF
SFDPNCJOBOU DBOJOF #"''
GSBHNFOU 5IF .BHJD .BSL 91
4UBOEBSE MBOF   TIPXT B CBOE
PG BQQSPYJNBUFMZ  L%B JO UIF
,JOHöTIFS SFDPNCJOBOU DBOJOF
#"'' MBOF DPOTJTUFOUXJUIUIF
#"''
QSPEVDUTSFQPSUFETJ[F

A commercially available canine BAFF ELISA (amsbio, Cambridge, Mass.) failed to
detect canine BAFF in any of the 030-D lysates positive for BAFF protein via Western
blotting or the purchased recombinant canine BAFF protein. Boiling the lysates failed to
enhance detection, as did 1:2 and 1:4 dilutions. Protein extraction from 030-D cells was
attempted with RIPA lysis and extraction buffer (ThermoFisher Scientific, Grand Island,
NY) and 5x Extraction buffer (abcam, Cambridge, Mass.) as well, but each buffer was noted
to interfere with the ELISA standard detection.
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2.3.4 Production of ΔBAFF mRNA by 030-D cells

'JHVSF  "HBSPTF HFM FMFDUSPQIPSFTJT PG
351$3 QSPEVDU JEFOUJGZJOH EFMUB#"''
351$3 VUJMJ[JOH #"'' QSJNFST TQBOOJOH UIF
&YPO  KVODUJPO GXE  BOE &YPO  SFW 
SFTVMUFE JO UXP QSPEVDUT -BOF   PG UIF
FYQFDUFE CQ BOE CQ TJ[FT
DPSSFTQPOEJOH XJUI #"'' BOE EFMUB#"''
SFTQFDUJWFMZ
SFTQF

The canine macrophage cell line 030-D expresses ΔBAFF mRNA as indicated by
PCR amplification of a 200bp segment of the BAFF mRNA sequence using the previously
described primer pair. The identity of this amplicon was confirmed via agarose gel
electrophoresis (Figure 3) and bidirectional sequencing showing a missing homologous
section of mRNA corresponding with exon 3 in the dog and human.
2.3.5 Presence of BAFF protein in healthy canine splenic tissue
Canine BAFF protein was detected in splenic tissue from a healthy animal as assessed
by Western blotting and detection of an appropriately sized 32kDa product (Figure 1). The
030-D lysates were used as positive controls for the assay.
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2.4 Discussion
Herein we document production of BAFF and ΔBAFF mRNA and BAFF protein by a
canine macrophage cell line (030-D), as well as BAFF presence in splenic tissue from a
healthy dog. Currently, it is known that BAFF production is increased in many disease states
in humans (Emmerich et al., 2007; Pers et al., 2005; Zhu et al., 2009). BAFF in dogs has
been investigated only in the etiology of selective mucosal IgA deficiency in intestinal
biopsies and as a candidate gene in Nova Scotia Duck Tolling Retrievers with
hypoadrenocorticism (Hughes, Bannasch, Kellett, & Oberbauer, 2011; Maeda et al., 2013).
In both humans and dogs, little is known about what drives or suppresses BAFF production
outside the bounds of homeostasis. This cell line could provide valuable information
regarding the production of canine BAFF in response to certain cytokines, infectious agents,
and other physiologic states (Coquery et al., 2014; Yang et al., 2011). Additionally, the
development of these assays provides a reliable method to quantify BAFF transcription in
various disease states in dogs.
This study failed to validate a commercially available canine BAFF ELISA, and thus
it cannot be recommended as a tool to measure canine BAFF protein. Lysates of 030-D cells,
which had been noted to contain BAFF protein based on the Western blotting described
above, were not detected by the ELISA. To explore reasons for the lack of detection
alternative extraction buffers were used, physical disruption rather than chemical disruption
of the cells was used, the cell lysate samples were boiled to attempt to eliminate the
possibility of post-translational folding shielding the epitope, additional wash steps were
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added to remove extraneous debris, and canine recombinant BAFF protein was used as an
additional positive control.
Ideally, the standards within the kit, the lysates from the 030-D cells, and the
purchased recombinant canine BAFF would be analyzed via mass spectrometry to confirm
the presence of BAFF protein. Other veterinary ELISAs that suffered similar validation
problems have been found lacking the protein of interest in the provided standards (Floras et
al., 2014). Other possibilities include that the BAFF produced by the 030-D cells exists in a
form that shields the detection or capture epitopes. It is known that secreted human BAFF
can exist in many forms including homotrimers, heterotrimers, and 60-mers (Mackay &
Schneider, 2009). If canine BAFF also exists in these forms it is possible the quaternary
structure may preclude epitope binding in this ELISA.
Ultimately, while the commercially available ELISA tested here was not validated for
the measurement of canine BAFF, the ability to detect canine BAFF via Western blotting in
030-D cell lysates makes the possibility of the development of a new canine-specific BAFF
ELISA possible. Alternatively, quantitative Western blotting could be used to determine the
amount of canine BAFF present in tissues and sample going forward (Eaton et al., 2014), or
alternative protein quantification methods such as mass spectrometry could be used.
Developing an assay to quantify BAFF protein concentration reliably will be
important as it is known that mRNA levels do not always correlate well with protein levels
(Gygi, Rochon, Franza, & Aebersold, 1999). However, the assays to identify BAFF mRNA
described here can in the future be used on canine samples both in health, to establish a
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reference range, and in disease states similar to those in humans with abnormal BAFF
transcription noted. Additionally, the canine macrophage cell line 030-D could be used to
gain a better understanding of the processes driving canine BAFF production in health and
disease.
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CHAPTER THREE: B CELL ACTIVATING FACTOR mRNA EXPRESSION IN
DOGS WITH PRIMARY IMMUNE-MEDIATED THROMBOCYTOPENIA
3.1 Introduction
Primary immune-mediated thrombocytopenia (ITP) is a disease in dogs in which B
cells produce antibodies directed against platelet surface self-antigens leading to platelet
destruction and resultant clinical bleeding. Dogs with ITP experience high rates of mortality
(10-30%), and disease relapse (9-40%) (Lewis & Meyers, 1996; O'Marra, Delaforcade, &
Shaw, 2011; Putsche & Kohn, 2008). Treatment requires the use of immunosuppressive
doses of corticosteroids with the frequent addition of a second immunosuppressive drug to
attenuate the adverse immune response driving the platelet destruction (O'Marra et al., 2011).
Several retrospective studies of ITP and individual case reports list complications attributed
to various therapies such as leukopenia, urinary tract infections, skin abscesses, hepatopathy,
and pancreatitis (Hsu, Snead, Davies, & Carr, 2012; O'Marra et al., 2011; Putsche & Kohn,
2008; Wallisch & Trepanier, 2015). Corticosteroids can be particularly damaging long term
as their continual use has been associated with increased risk of thrombosis, iatrogenic
hyperadrenocorticism, secondary infection, bone demineralization, and gastric ulceration
(Behrend & Kemppainen, 1997; Costa et al., 2010; Fry, McSporran, Ellis, & Harvey, 2009;
Hsu et al., 2012; Huang, Yang, Liang, Lien, & Chen, 1999; Jacoby, Owings, Ortega,
Gosselin, & Feldman, 2001; Laurenson, Hopper, Herrera, & Johnson, 2010; Rose, Dunn,
Allegret, & Bedard, 2011).
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Normalization of platelet numbers is the primary biomarker used to assess control of
the immune response driving platelet destruction, and as platelet counts rise,
immunosuppressive drug dosages are decreased slowly over time. Due to the risk of relapse
and lack of definitive methods to demonstrate immuosuppression, treatment duration often
lasts months to over a year (O'Marra et al., 2011). This inexact method results in prolonged
treatment of some dogs in which shorter durations of treatment may have been effective and
inadequate duration of treatments and resultant relapse in other dogs, demonstrating a critical
need for a precise biomarker of active ITP in dogs.
In humans with ITP a cytokine, B cell activating factor (BAFF), is increased during
active disease and decreases as the aberrant immune response is controlled. BAFF, a member
of the tumor necrosis factor family of cytokines, plays a crucial role in B cell growth,
survival, and class switching (Schneider et al., 1999). Antigen presenting cells, T cells and
peripheral blood mononuclear cells produce BAFF both constitutively and in response to
other cytokines such as interferons, IL-10 and G-CSF (Huard et al., 2004; Nardelli et al.,
2001). Several independent studies have demonstrated increased concentrations of BAFF in
humans with active ITP compared with humans with secondary ITP, healthy controls, or
patients with ITP in remission (Emmerich et al., 2007; Thomas, Machin, Mackie, & Scully,
2011; Zhu, Shi, Peng, et al., 2009). These characteristics of BAFF may make it an ideal
biomarker to aid in the diagnosis and treatment of ITP in dogs.
Only a few published reports exist evaluating BAFF in dogs (Maeda et al., 2014;
Maeda et al., 2013; Shen et al., 2011), and none have been published evaluating BAFF in
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canine ITP. The objective of this study was to quantify and compare the transcription of
BAFF in the blood of dogs with untreated ITP, dogs with secondary thrombocytopenia, and
healthy control dogs. We hypothesized that BAFF expression as demonstrated by RT-qPCR
would be elevated in dogs with untreated ITP compared with dogs with secondary
thrombocytopenia and healthy dogs. Here we demonstrate that BAFF mRNA is significantly
and specifically elevated in dogs with ITP compared with secondary thrombocytopenia and
healthy control dogs.

3.2 Materials and Methods
3.2.1 Study Population
EDTA-anticoagulated whole blood was collected from 10 client-owned dogs that
were presented to the Veterinary Hospital at the North Carolina State University College of
Veterinary Medicine (NCSU-CVM) from November 2014 to October 2015 and diagnosed
with primary ITP. Dogs were eligible for inclusion with a clinician diagnosis of ITP, initial
platelet count less than 50,000 cells/µl, and response to treatment for ITP in surviving
dogs(Putsche & Kohn, 2008). Exclusion criteria included administration of
immunosuppressive medications or medications known to be associated with ITP prior to
sample collection for this study, identification of neoplasia on abdominal imaging, thoracic
radiographs, or necropsy, or vector-borne disease testing results consistent with infections
known to cause throombocytopenia.
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Blood from dogs with secondary causes of thrombocytopenia were drawn from a
prior study on sepsis, SIRS, and neoplasia (Cruse, 2009). Healthy control dogs were drawn
from a population of dogs presenting to NCSU-CVM during the same time period for
wellness exams with normal platelet counts and previous control dogs from the
aforementioned SIRS study. The NCSU Animal Care and Use Committee approved the
study.
3.2.2 RNA Isolation & cDNA Synthesis
EDTA-anticoagulated whole blood was collected within 24 hours of ITP dog
admission, preserved with ZR RNA Buffer (Zymo Research, Irvine, Calif.), and stored at 80°C. Total RNA was later isolated via a ZR Whole Blood Total RNA kit (Zymo Research,
Irvine, Calif.) according to the manufacturer’s instructions. Purified RNA was quantified by
NanoDrop Spectrophotometry. For each sample, 100ng of RNA was reverse transcribed into
cDNA using a commercially available kit (TaqMan Gold RT-PCR Kit, ThermoFisher
Scientific). Each 50µl reaction consisted of 100ng RNA combined with distilled water to a
volume of 19.25µl, 11µl 25mM MgCl, 5µl 10x RT buffer, 10µl 2.5mM dNTPs, 2.5µl 50uM
random hexamers, 1µl 20U/ul RNase inhibitor, 1.25µl 50U/ul reverse transcriptase. Samples
were held at 25°C for 5 minutes, followed by 48°C for 1 hour, and 95°C for 5 min.
3.2.3 Quantitative RT-PCR for BAFF
Using a putative BAFF homologue (NM_001161710.2) in the canine genome intronspanning primers to amplify a 129 base pair region of the mRNA were manually designed
and consisted of Forward (Baff F1: 5’CCTCAGCTCTGAACGGAATC3’) and Reverse (Baff
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R1 5’GCAATCAGTTGCAAGCAGTC3’). After reverse transcription, RT-qPCR was
performed to evaluate expression of BAFF using ß-actin as a reference gene. Each 50µl
reaction consisted of 1µl cDNA, 25µl Power SYBR Green Master Mix (ThermoFisher
Scientific, Grand Island, NY), 0.5µl 50uM Fwd primer, 0.5µl 50uM Rev primer, and 23µl
water. Thermal cycling conditions (MJ Mini, Bio-rad Laboratories, Inc. Hercules, CA) for
the BAFF PCR consisted of an initial denaturing for 3min at 95C, followed by 45
amplification cycles of 95C for 10 seconds, annealing at 58C for 20 seconds, and 30 seconds
of extension at 72C.
For the ß-actin PCR each 50 µL reaction contained 25 µL of 2X SYBR Green PCR
Master Mix, 0.5µl of each 50uM primer (ß-actin forward 5’GACCCTGAAGTACCCCATTGAG-3’ and ß-actin reverse 5’TTGTAGAAGGTGTGGTGCCAGAT-3’), 1 µL of cDNA template, and 23µl water.
Thermal cycling conditions (MJ Mini, Bio-Rad Laboratories, Inc., Hercules, CA) consisted
of an initial denaturation step at 95C for 3 minutes followed by 45 amplification cycles (95C
for 10 seconds, 64.4°C for 20 seconds and 72°C for 20 seconds).
These assays do not amplify canine genomic DNA and under optimized reaction
conditions have an amplification efficiency of 100%. Melt curve analysis was performed to
confirmed expected products.
3.2.4 Statistics
Preliminary data was used to perform an a priori power analysis with a balanced
ANOVA (f-test) calculator (G*Power 3.1). Based on these calculations samples from a total
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of 30 dogs (10 in each group) would be necessary for a power of 0.85 with α error probability
of 0.05 and an effect size of 0.65 for the three groups (dogs with active primary ITP, dogs
with secondary thrombocytopenia, and healthy control patients). Data from RT-qPCR was
analyzed by comparison of the DCT values obtained from the two control populations and the
DCT values from dogs with primary ITP. The fold change in gene expression relative to the
control subjects was calculated as 2^(-DDCT), where DDCT = mean DCT control group - DCT
ITP group, as previously described (Schmittgen & Livak, 2008). Statistical analysis was
performed with the use of commercially available software (GraphPad Prism, La Jolla,
Calif.). The difference between groups of nonparametric data was compared with a KruskalWallis test. Statistical significance was assigned a p value of ≤ 0.05.

3.3 Results
3.3.1 Study populations
EDTA-anticoagulated whole blood was collected from 10 dogs with ITP. The breeds
represented were two each of Maltese and Labrador retrievers, and one each of the following:
West Highland white terrier, American cocker spaniel, German shepherd dog, miniature
poodle, shih tzu, and Jack Russell terrier. Ages of the dogs with ITP ranged from 2 years to
12.5 years (median: 8.20 years), with 6 male castrated dogs, 1 intact male, and 3 spayed
females. In this group, 9/10 dogs (90%) survived to discharge, although three were
subsequently euthanized due to complications related to treatment of their disease.
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The dogs with secondary causes of thrombocytopenia comprised 10 dogs with SIRS
and 3 dogs with neoplasia, with an age range of 1.92 years to 14.5 years (median: 6.00
years), and sex distribution of 8 male castrated, 3 female spayed, 1 male intact and 1 female
intact. The most commonly represented breed was Labrador retriever (n=2), with one each of
the following: Basset hound, beagle, Belgian tervuren, border collie, bull terrier, collie, corgi,
great Dane, great Pyrenees, Rottweiler, and Shetland sheepdog.
The 10 healthy control dogs ranged in age from 0.5 years to 9.92 years (median: 5.29
years) and was comprised of 6 spayed females, 2 castrated males, and 2 intact males. The
most common breeds in the control group were golden retriever, Italian greyhound, and
Portuguese water dog with 2 each, and one each of Jack Russell terrier, hound, boxer dog,
and Shiba Inu. There was no statistically significant difference in age between any of the
groups (p=0.1490).

'JHVSF3FMBUJWFRVBOUJUBUJWF#"''N3/"FYQSFTTJPOJOEPHTXJUI*51DPNQBUFE
XJUIPUIFSDBVTFTPGUISPNCPDZUPQFOJBBOEIFBMUIZDPOUSPMT " 5IFSBUJPTPG#"''
N3/"JOEPHTXJUI*51DPNQBSFEUPPUIFSDBVTFTPGUISPNCPDZUPQFOJBBOEIFBMUIZEPHT
BSFBOE SFTQFDUJWFMZ # *OEJWJEVBMDZDMFUISFTIPMEEJòFSFODFTGPS#"''BOE
#BDUJOJOFBDIPGUIFUISFFHSPVQT"WFSBHFDZDMFUISFTIPMEEJòFSFODFXBTTJHOJöDBOUMZ
EJòFSFOUCFUXFFOEPHTXJUI*51BOEIFBMUIZEPHT BOEEPHTXJUIPUIFSDBVTFTPGUISPN
CPDZUPQFOJBBOEEPHTXJUI*51
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Table 1. Individual cycle threshold values for RT-qPCR for BAFF and β-actin. The average difference
between the values for each group is used to calculate the relative quantity of BAFF compared to healthy
animals.

CT β-actin

ITP
(n=10)

Other
TP
(n=13)

Healthy
(n=10)

24.42
22.61
24.02
24.24
24.77
25.16
25.13
25.37
24.14
26.46
24.92
19.59
20.27
19.22
21.07
22.35
20.54
21.2
18.85
19.54
27.07
21.24
22.05
24.26
28.07
23.73
23.61
23.84
23.1
21.98
21.03
21.69
21.71

CT BAFF
35.17
31.54
33.91
34.31
34.82
34.92
34.59
35.59
34.07
37.63
36.01
33.25
32.23
30.74
32.25
33.21
33.33
32.78
29.02
32.01
39.35
33.77
34.19
36.06
42.4
42.02
36.24
36.11
35.62
35.98
33.53
34.72
35.04

ΔCT
10.75
8.9
9.89
10.07
10.05
9.76
9.46
10.22
9.93
11.17
11.09
13.66
11.96
11.52
11.18
10.86
12.79
11.58
10.17
12.47
12.28
12.53
12.14
11.8
14.3
18.3
12.63
12.27
12.52
14
12.5
13.03
13.33

Average ΔCT

-ΔΔCT

BAFF – β-actin

-(ΔCT – ΔCT, Healthy))

RQ BAFF Rel.
to Healthy

10.03 (±0.64)

3.44

10.85

11.86 (±0.93)

1.61

3.05

13.47 (±1.87)

0

1

3.3.2 BAFF mRNA is increased in dogs with ITP compared to those with secondary
thrombocytopenia and healthy controls
Use of the DDCT method to analyze RT-qPCR showed BAFF mRNA levels 10.85
times higher in the ITP group compared to healthy dogs, and 3.05 times higher than dogs
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with secondary causes of thrombocytopenia (Figure 1, Table 1). There was a significant
difference in BAFF mRNA concentration between ITP and healthy controls (p<0.0001) and
between ITP and secondary thrombocytopenia (p=0.0049). There was not a significant
difference in BAFF mRNA levels between healthy control dogs and dogs with secondary
causes of thrombocytopenia (p=0.1691).

3.4 Discussion
These results demonstrate that BAFF transcription is significantly higher in dogs with
ITP compared with dogs with other causes of thrombocytopenia and healthy dogs. This is the
first study in dogs evaluating BAFF transcription in disease, and offers evidence that BAFF
may be a biomarker for primary ITP in dogs compared with other causes of
thrombocytopenia.
Dogs with ITP are at significant risk of both mortality and relapse (Lewis & Meyers,
1996; O'Marra et al., 2011; Putsche & Kohn, 2008), and for surviving dogs and owners the
financial and emotional burdens of long treatment durations can be taxing. Currently, platelet
count is the most commonly used biomarker to assess disease status in dogs with ITP,
however this imprecise measurement of the immune response driving platelet destruction
leads to treatment durations too long for some dogs and too short for others. In the past,
attempts have been made to use the presence of platelet associated IgG (PAIgG) as a marker
of ITP, however this diagnostic aid has a number of shortcomings. In humans measurement
of PAIgG is rarely used in the diagnosis or monitoring of ITP as while the finding of
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antibodies on platelets is moderately sensitive, a number of other conditions can lead to
elevations in PAIgG including sepsis, disseminated intravascular coagulation, and viral
infection(Beardsley & Ertem, 1998), making it a low specificity test. Additionally, PAIgG
levels are also affected by several inherent factors including the age of the platelets
(Beardsley & Ertem, 1998). In veterinary medicine PAIgG has not frequently been used due
to low availability of the assay and its inability to distinguish primary (autoimmune) ITP
from other causes such as infection and neoplasia (Dircks, Schuberth, & Mischke, 2009).
In humans with ITP, serum and plasma BAFF levels and BAFF transcription have
been noted to be elevated during active disease (Emmerich et al., 2007; Thomas et al., 2011;
Zhu, Shi, Peng, et al., 2009). While BAFF is not used as a biomarker for the diagnosis of ITP
in humans, other diseases such as SLE in humans have shown favorable responses to BAFF
blockade with monoclonal antibodies (Navarra et al., 2011). Currently in humans it is
unknown what drives the elevated BAFF response in ITP and other autoimmune diseases.
One group has shown TLR7 activation in a mouse model of ITP to decrease platelet counts,
increase PAIgG, and increase serum BAFF levels (Yang et al., 2011). Given these findings,
BAFF or BAFF receptor (BAFF-R) blockade in humans may be a possible future treatment,
and one monoclonal BAFF-Ab, belimumab, has been used in a clinical trial for ITP treatment
(ClinicalTrials.gov identifier: NCT01440361). This strong association of BAFF and ITP in
humans coupled with the findings of higher BAFF mRNA in dogs with active ITP in this
study make it a promising candidate biomarker for distinguishing primary from secondary
disease in dogs.
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It is estimated that 80% of ITP cases in humans are primary, with the most common
secondary causes being SLE, antiphospholipid syndrome, chronic lymphocytic leukemia,
Hepatitis C, and miscellaneous systemic infections (Cines, Bussel, Liebman, & Luning Prak,
2009). Importantly, in humans secondary causes of thrombocytopenia such as HIV are
distinctly different from primary ITP in terms of BAFF levels (Thomas et al., 2011). One
limitation of this study is that while a thrombocytopenic control group was included, it did
not consist primarily of dogs with diseases commonly confused with ITP. In the future, dogs
with cancers such as lymphoma, and vector-borne diseases such as Babesiosis and
Leishmaniasis, should be evaluated as thrombocytopenic controls for BAFF transcription
comparison.
Additionally, little is known about BAFF in dogs, and whether levels of the cytokine
vary with age, breed, or sex has never been investigated. In this study, healthy control dogs
and secondary thrombocytopenic dogs were not age, breed and sex-matched. In mice,
estrogen strongly influences levels of BAFF in models of SLE, and splenic cells from female
mice have higher BAFF levels than males (Panchanathan & Choubey, 2013). Serum BAFF
levels in humans were also inversely correlated with age in various studies(Jin et al., 2008).
In the future, comparing BAFF transcription and quantifying serum BAFF in dogs of varying
breeds, ages and sex would be helpful to ascertain the importance of such stringently
matched controls.
Additional limitations of this study include a relatively small number of dogs and lack
of a patient-side assay. Although the numbers included were sufficient for adequate power, it
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is important to see these data corroborated over a large group of animals. Additionally, an
ideal biomarker would be easy to measure quickly in hospital, and measuring transcription
levels currently lacks both ease and patient-side characteristics.
In the future, evaluation of serum or plasma BAFF would have the potential for the
development of a rapid, patient-side test. Initial efforts to use human ELISAs for these have
been unsuccessful, although Western blotting has confirmed the presence of BAFF protein in
splenic cells of dogs. Additionally, the next steps for this method of BAFF measurement
would be following BAFF levels during treatment of dogs with ITP. In humans, treatment
with dexamethasone causes a rapid drop in detectable BAFF (Zhu, Shi, Sun, et al., 2009).
Evaluation of BAFF levels during treatment and remission in dogs could help confirm its use
as a biomarker to monitor for attenuation of the immune response driving platelet
destruction, or as a monitoring tool for relapse during treatment. Finally, given the
association with BAFF and ITP in dogs, the evaluation of BAFF in other B cell-driven
disease states in dogs such as lymphoma and other immune-mediated disorders is warranted.
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CHAPTER FOUR: B CELL ACTIVATING FACTOR PROMOTER
POLYMORPHISMS IN DOGS WITH PRIMARY IMMUNE-MEDIATED
THROMBOCYTOPENIA
4.1 Introduction
Immune-mediated thrombocytopenia (ITP) is a disease in which platelet membranedirected antibodies result in platelet destruction and clinical bleeding. In humans,
approximately 60% of patients have antibodies directed specifically against platelet surface
glycoproteins (GP) IIb/IIIa and GPIb/IX (Warner, Moore, Warkentin, Santos, & Kelton,
1999). While the exact mechanism for the production of these antibodies in ITP is unknown,
several studies have implicated various cytokine imbalances that may promote or perpetuate
a loss of self-tolerance (Panitsas et al., 2004; Rocha et al., 2011). Additionally, single
nucleotide polymorphisms (SNPs) in the regulatory and promoter regions of inflammatory
cytokines that have been associated with chronic ITP in children and adults have been
identified (Foster et al., 2001; Rocha et al., 2010). Current therapy for ITP in humans consists
of broad-spectrum immune suppression with the use of corticosteroids, intravenous
immunoglobulins (IVIg) and anti-D Ig (Rodeghiero & Ruggeri, 2014). A more precise
knowledge of the pathogenesis of ITP and associated cytokines could allow for the
development of more specific treatment strategies.
B cell activating factor (BAFF, also described as TNFSF13B, and B-lymphocyte
stimulator (BLyS)) is a TNFSF cytokine that is elevated in humans with active ITP compared
to healthy humans and those with other causes of thrombocytopenia (Emmerich et al., 2007;
Thomas, Machin, Mackie, & Scully, 2011; Zhu et al., 2009). Increased BAFF has also been
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noted in other autoimmune diseases such as systemic lupus erythematosus (SLE), rheumatoid
arthritis (RA), and Sjögren’s syndrome (Pers et al., 2005). In health, BAFF contributes to B
cell maturation, plasma cell longevity, and T cell-independent class switching (Mackay &
Schneider, 2009; Schneider et al., 1999). Additional investigation into the pathogenesis of
BAFF elevation in humans with ITP and other autoimmune diseases such as SLE and RA has
led to the discovery of a promoter SNP, -871 C>T, that is associated with the presence of
disease and in some cases with higher concentrations of BAFF (Abdel-Hamid & Al-Lithy,
2011; de Almeida & Petzl-Erler, 2013; Emmerich et al., 2007; Kawasaki, Tsuchiya,
Fukazawa, Hashimoto, & Tokunaga, 2002; Zayed et al., 2013).
ITP in dogs is similar to the disease in humans (LeVine et al., 2014) and our previous
work has shown that BAFF mRNA is significantly increased in dogs with ITP compared to
dogs with other causes of thrombocytopenia and healthy control dogs. As with humans
however, both the etiologies of ITP in dogs and of BAFF elevation in dogs with ITP are
unknown. Previous candidate gene studies for autoimmune disease in dogs have not
evaluated BAFF (Friedenberg et al., 2015), and it is unknown if there are SNPs in the
promoter region of canine BAFF, similar to those found in humans.
The primary objective of this pilot study was to compare the incidence of
polymorphisms in a selected portion of the BAFF promoter region in dogs with ITP and
healthy dogs. The initial promoter region selected for evaluation contained a transcription
factor binding site and a conserved site in which polymorphism is associated with
autoimmune disease in humans including ITP (Abdel-Hamid & Al-Lithy, 2011; de Almeida
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& Petzl-Erler, 2013; Emmerich et al., 2007; Kawasaki et al., 2002; Zayed et al., 2013). We
hypothesize that significantly more dogs with ITP will have polymorphisms identified in the
BAFF promoter region compared to healthy dogs.

4.2 Materials and Methods
4.2.1 Study Population
Whole blood was collected from 11 client-owned dogs that were presented to the
Veterinary Hospital at the North Carolina State University College of Veterinary Medicine
(NCSU-CVM) and diagnosed with ITP. Dogs were eligible for inclusion with a clinician
diagnosis of ITP, initial platelet count less than 70,000 cells/µl, and response to treatment for
ITP in surviving dogs. Whole blood from 9 healthy control dogs was collected from a
population of dogs presented to NCSU for wellness examinations and free from a known
history of hematologic autoimmune diseases.
4.2.2 Identification of Promoter Region and Selection of Regions of Interest
A promoter region for canine BAFF has not previously been described, therefore a
combination of proposed locations in humans (-1320) (Kawasaki et al., 2002) and an
arbitrary number approximately 10% the size of the genomic sequence of BAFF were used to
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determine the promoter region of interest. The sequence approximately 3000bp 5’ of the
beginning of the BAFF gene Exon 1 (NC_006604.3 (57034000..57037000)) was used as the
purported canine promoter region. This region was evaluated for promoter region elements
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and commercial software identified binding sites for two transcription factors (GPMiner,
Taiwan). Additionally, a sequence analogous to the human -871 C<T region was found
within this region. The promoter sequence containing both a possible transcription factor
binding site and similar sequence to that with a SNP in the human BAFF promoter region
was then selected for initial PCR amplification and sequencing.
4.2.3 Genomic PCR and Sequencing

'JHVSF  3FQSFTFOUBUJWF
BHBSPTFHFMFMFDUSPQIPSFTJTPG
$13 1$3 QSPEVDU " LC
MBEEFS MBOF   TIPXT BO
BQQSPQSJBUF CBOE GPS FBDI
DPOUSPM EPH BU BQQSPYJNBUFMZ
CQ MBOFTBOE (JWFOUIF
TNBMMFS  BQQSPYJNBUFMZ CQ
TNBMMF
QSPEVDUBMTPQSFTFOU UIFCQ
QSPEVDU XBT DVU GSPN HFM GPS
TFRVFODJOH

Primers flanking the 703bp region designated Canine Promoter Region 1 (CPR1)
were manually designed and consisted of BAFFPromFwd 5’GACAGAGCTAGCGCTCCAGT-3’ and BAFFPromRev 5’GCACTGAACTGTACTCAGCTGG-3’ (Figure 1). DNA was extracted with the use of a
commercial kit (Quick-gDNA MiniPrep) according to the manufacturer’s instructions (Zymo
Research, Irvine, Calif.) and PCR was performed. Each reaction consisted of 35ng DNA,
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0.5µl Fwd primer, 0.5µl Rev primer, TaKaRa LA Taq per the manufacturer’s instructions,
and water to 50µl. Reaction times included an initial 5min at 94C, followed by 45 cycles of
10sec at 94C, 20sec at 55C, and 30sec at 68C, with a final 5min extension at 72C. Amplicons
were visualized on an agarose gel (Figure 2) and bidirectionally sequenced (Genewiz, South
Plainfield, NJ). When multiple products were visualized on the agarose gel, the product with
a size corresponding to CPR1 was cut from the gel, purified with a kit according to the
manufacturer’s instructions (QIAquick Gel Extraction Kit, Qiagen, Germantown, MD), and
that product was submitted for sequencing.
Chromatograms were evaluated manually and contigs were assembled using a
commercially available software package (BioEdit Sequence Alignment Editor; North
Carolina State University, Raleigh, NC). Sequences of the 703bp region were trimmed by
approximately 60bp at each end to account for sequencing inaccuracy, and compared
between samples using a commercially available software package (BioEdit Sequence
Alignment Editor; North Carolina State University, Raleigh, NC).
4.2.4 RT-qPCR to Evaluate BAFF mRNA Expression
For dogs with ITP with whole blood samples available at diagnosis and before
treatment, RNA was extracted, cDNA synthesized, and RT-qPCR for BAFF was performed
as previously described (See: Chapter 3).
4.2.5 Statistical analysis
Statistical analysis was performed with the use of a commercially available software
program (GraphPad Prism, La Jolla, Calif.). Genotypic frequencies were compared using χ2
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testing. Association between genotypic frequencies and BAFF mRNA level was evaluated
with a Mann-Whitney U test. Power was calculated through the use of a commercially
available software (G*Power 3.1, Denmark).

4.3 Results
4.3.1 Comparison of amplified regions of CPR1

'JHVSF  1SFTFODF PG $" JOTFSUJPO JO EPHT
XJUI*51WFSTVTIFBMUIZDPOUSPMT5IFSFXBTOPTJH
OJöDBOU EJòFSFODF JO UIF HFOPUZQJD EJTUSJCVUJPO CF
UXFFOHSPVQTPGEPHT

The amplified regions of CPR1 were compared for each dog. The only commonly
identified polymorphism was the insertion of a cysteine and adenine at position 2259 (742CA) of the purported promoter region. Of the dogs with ITP, 6/11 (54.5%) were
homozygous for -742CA, 4/11 (36.4%) were heterozygous, and 1/11 (9.1%) was missing 742CA on both chromosomes. Of the control dogs, 4/9 (44.4%) were homozygous for 742CA, 3/9 (33.3%) were heterozygous, and 2/9 (22.2%) lacked -742CA on both
chromosomes (Figure 3). There was no significant difference between the groups and allelic
distributions (p=0.7107).
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4.3.2 Lack of Association between -742CA Genotype and BAFF mRNA level in canine
ITP

'JHVSF  .FBO #"'' N3/" $5 WBMVFT BOE $"
HFOPUZQFJOEPHTXJUI*514UBOEBSEEFWJBUJPOJTJOEJ
DBUFEXJUICBSTGPSHFOPUZQFTXJUINPSFUIBOPOFEPH
FWBMVBUFE5IFSFXBTOPTJHOJöDBOUEJòFSFODFCFUXFFO
NFBO #"'' N3/" $5 CFUXFFO IPNP[ZHPVT BOE IFU
FSP[ZHPVTEPHT

Of the 11 dogs in the ITP group, 10 had whole blood samples available from
diagnosis for measurement of BAFF mRNA (Figure 4). Average CT values were compared
between groups that had at least three values (homozygous and heterozygous -742CA) and
there was no significant difference between mean BAFF mRNA CT values between
homozygous and heterozygous -742CA dogs with ITP at diagnosis (p=0.7143).
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4.4 Discussion
This pilot study identified a polymorphism within a portion of the estimated promoter
region for canine BAFF: -742CA. Initial evaluation showed no significant difference in the
distribution of genotypes between dogs with ITP and healthy control dogs. Given that this
pilot study was underpowered to detect a true difference between groups, the initial data was
used to generate information about an appropriately powered study to evaluate if a difference
in -742CA genotype frequency exists between dogs with ITP and healthy dogs. To ensure a
power of 0.95 with an effect size of 0.49 and α of .05 a total sample size of 65 dogs would be
needed.
Evaluation of the -742CA region with several open source human promoter region
evaluation programs (WWW Signal Scan, Minnesota; BDGP Neural Network Promoter
Prediction, Berkeley, Calif.) identified possible promoter elements within that sequence. In
humans with ITP the BAFF promoter polymorphism -871 C>T is at the location of a myeloid
zinc finger binding site and was first noted to be associated with disease activity and serum
BAFF concentration soon after BAFF’s association with ITP was established (Emmerich et
al., 2007). Humans with the homozygous (TT) polymorphism appeared to be more frequent
in the ITP group versus normal population, and within the group of ITP patients, those with
the TT allele had higher serum BAFF levels (Emmerich et al., 2007). Subsequent studies
have found disparate results, identifying different alleles as being associated with higher
BAFF concentrations and ITP. One group implicated the same homozygous (TT)
polymorphism (Abdel-Hamid & Al-Lithy, 2011) as the initial work, while others noted the
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homozygous (CC) polymorphism to be associated with higher BAFF expression by flow
cytometry in healthy patients (de Almeida & Petzl-Erler, 2013), and others documented an
association of the T allele with disease but did not note a significant difference in BAFF
concentration with genotype (Liu et al., 2010).
The same -871 C>T polymorphism has also been investigated in humans with SLE
and RA with mixed results (Eilertsen, Van Ghelue, Strand, & Nossent, 2011; Kawasaki et al.,
2002; Zayed et al., 2013). Initial studies showed an association, although not significant, with
the homozygous (TT) genotype and characteristics of SLE, and higher BAFF mRNA in
peripheral blood monocytes with the presence of a -871T allele (Kawasaki et al., 2002).
These findings were replicated in different populations, with a significant association
between the homozygous (TT) genotype and SLE (Zayed et al., 2013). However, subsequent
analyses showed increased serum BAFF concentrations to be associated with inflammation
in SLE and not a specific promoter genotype, and in fact found no association between SLE
and the -871 C>T polymorphism (Eilertsen et al., 2011).
In our pilot study, there did not appear to be an association between BAFF mRNA in
dogs with newly diagnosed ITP and the -742CA genotype, however given the nature of the
pilot study this evaluation was underpowered to detect an association if one existed. To
ensure a power of 0.95 with an effect size of 0.40 and α of .05 a total sample size of 102 dogs
would be needed given our pilot data. Additionally, given that some studies have shown a
poor correlation between mRNA and serum BAFF levels and no correlation between mRNA
and the -871 C>T polymorphism (Gottenberg et al., 2006) it would be important to also
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measure BAFF protein in future studies. Given that the knowledge of what drives ITP in
dogs is limited, that it has been shown the BAFF mRNA is elevated in dogs with ITP, and
that BAFF promoter polymorphisms in humans may be associated with increased BAFF
concentrations in disease, this would be worth pursuing.
As with all pilot studies, the conclusions reached are limited by the small sample size
and power. However, this work has identified a region of interest for future studies of the
BAFF promoter region in dogs. Additionally, this study examined only a small portion of the
possible canine BAFF regulatory region, so that not all possible promoter polymorphisms in
canine BAFF have been identified. Future studies evaluating the remainder of the BAFF
promoter in a similar protocol to this study would be worthwhile to identify other possible
regions of variation between dogs with and without ITP and possible association with
increased BAFF mRNA.
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CHAPTER FIVE: DBAFF TRANSCRIPTION IS NOT INCREASED IN DOGS WITH
PRIMARY ITP COMPARED WITH HEALTHY DOGS
5.1 Introduction
B cell activating factor (BAFF) transcription is increased in canine immune
thrombocytopenia (ITP), as demonstrated in Chapter 3 of this manuscript. It remains
unknown what drives increased BAFF transcription in dogs with ITP and if increased BAFF
transcription is a major contributor to the pathogenesis of the disease. However, if elevated
BAFF does drive autoimmunity, then decreasing BAFF transcription could serve to attenuate
the dogs’ aberrant immune response. A splice variant of BAFF excluding exon 3 in humans
and exon 4 in mice, termed DBAFF is a negative regulator of BAFF in vitro and in vivo
(Gavin, Ait-Azzouzene, Ware, & Nemazee, 2003; Gavin et al., 2005). DBAFF is thought to
exert its regulatory effects via BAFF mRNA consumption, prevention of cleavage of
membrane-bound BAFF, and the formation of heterotrimers with soluble BAFF (Gavin et al.,
2003; Gavin et al., 2005; Roescher et al., 2014). DBAFF has been identified in the canine
macrophage cell line 030-D as described in Chapter 2 of this manuscript, and similarly to
humans is lacking exon 3.
Given DBAFF’s negative regulatory role it has been evaluated in autoimmune
diseases characterized by excess BAFF such as Sjögren’s syndrome (SS), through the use of
targeted mRNA splicing, resulting in the removal of exons missing in DBAFF (Roescher et
al., 2014). In this work it was found that by inducing exon skipping in a mouse model of SS,
salivary epithelial cell BAFF concentrations were decreased (Roescher et al., 2014). No
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published studies have evaluated DBAFF transcription in ITP, in humans or in mouse or dog
models of the disease.
The specific aims of this work were to evaluate dogs for evidence of DBAFF
transcription via RT-qPCR and to compare DBAFF transcription between dogs with ITP and
healthy dogs. Given its regulatory role in humans and mice, we hypothesized that DBAFF
transcription would be elevated in dogs with ITP compared to healthy dogs. Alternatively, if
a lack of DBAFF was driving BAFF transcription in dogs with ITP then there may be a less
DBAFF transcription in dogs with ITP compared with healthy dogs.

5.2 Materials and Methods
5.2.1 Patient Population
Dogs with ITP were drawn from a population of dogs described previously in Chapter
3 of this manuscript. Briefly, EDTA-anticoagulated whole blood was collected from 11
client-owned dogs that were presented to the Veterinary Hospital at the North Carolina State
University College of Veterinary Medicine (NCSU-CVM) from and diagnosed with ITP.
Dogs were eligible for inclusion with a clinician diagnosis of ITP, initial platelet count less
than 50,000 cells/µl and response to treatment for ITP in surviving dogs (Putsche & Kohn,
2008). Exclusion criteria included administration of immunosuppressive medications or
medications known to be associated with ITP prior to sample collection for this study,
identification of neoplasia on abdominal imaging, thoracic radiographs, or necropsy, or

77

vector-borne disease testing results consistent with infections known to cause
throbocytopenia.
Healthy control dogs (n=9) were drawn from a population of dogs presenting to
NCSU-CVM for wellness exams with normal platelet counts and previous control dogs from
other studies. The NCSU Animal Care and Use Committee approved the study.
5.2.2 RNA Isolation & cDNA Synthesis
EDTA-anticoagulated whole blood was collected within 24 hours of ITP dog
admission, preserved with ZR RNA Buffer (Zymo Research, Irvine, Calif.), and stored at 80°C. Total RNA was later isolated using a ZR Whole Blood Total RNA kit (Zymo
Research, Irvine, Calif.) as per the manufacturer’s instructions. Purified RNA was quantified
with NanoDrop Spectrophotometry. For each sample, 100ng of RNA was reverse transcribed
into cDNA. Each 50µl reaction consisted of 100ng RNA combined with distilled water to a
volume of 19.25µl, 11µl 25mM MgCl, 5µl 10x RT buffer, 10µl dNTPs, 2.5µl random
hexamers, 1µl RNase inhibitor, 1.25µl reverse transcriptase. Samples were held at 25°C for 5
minutes, followed by 48°C for 1 hour, and 95°C for 5 min.
5.2.3 Quantitative RT-PCR for ΔBAFF
Primer pairs to specifically amplify canine ΔBAFF were manually designed and
consisted of Forward (BaffEx2to4Fwd: 5’CCGGAAGAAACAGGAGCTTAC3’) and
Reverse (BaffE5PR: 5’GGGTAGTGTTTCAGGCATA3’). Using cDNA synthesized for
BAFF evaluation as described previously, RT-qPCR was performed to evaluate expression of
ΔBAFF using ß-actin as a reference gene. Each 50µl reaction consisted of 1µl cDNA, 25µl
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Power SYBR Green Master Mix (ThermoFisher Scientific, Grand Island, NY), 0.5µl Fwd
primer, 0.5µl Rev primer, and 23µl water. Reaction times for the ΔBAFF PCR included an
initial 3min at 95C, followed by 45 cycles of 95C for 10 seconds, annealing at 62C for 30
seconds, and 30 seconds of extension at 72C.
Reaction times for the ß-actin PCR included an initial 3min at 95C, followed by 45
cycles of 95C for 10 seconds, annealing at 64.4C for 20 seconds, and 20 seconds of extension
at 72C. These assays were optimized, do not amplify canine genomic DNA and under
optimized reaction conditions have amplification efficiencies of 99.9% and 100%,
respectively. Amplicons were visualized on an agarose gel and melt curve analysis
performed to confirm expected products.
5.2.4 Statistics
Data from RT-qPCR was analyzed by comparison of the DCT values obtained from
the control population and the DCT values from dogs with primary ITP. The fold change in
gene expression relative to the control subjects was calculated as 2^(-DDCT), where DDCT =
mean DCT control group - DCT ITP group, as previously described for BAFF, ß-actin and
ΔBAFF(Schmittgen & Livak, 2008). A Mann-Whitney Test was used to compare the DCT
values in dogs with ITP and healthy controls. Statistical analysis was performed with the use
of commercially available software (Prism). Statistical significance was assigned a p value of
≤ 0.05.
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'JHVSF3FMBUJWFRVBOUJUBUJWFEFMUB#"''N3/"FYQSFTTJPOJOEPHTXJUI*51DPNQBSFEUPIFBMUIZ
DPOUSPMT " 5IFSBUJPPGEFMUB#"''N3/"JO*51EPHTDPNQBSFEXJUIIFBMUIZEPHTXBT # *OEJWJEVBM
DZDMFUISFTIPMEEJòFSFODFWBMVFTGPSUIFEPHTJOFBDIHSPVQ

5.3 Results
5.3.1 Clinically healthy dogs and dogs with ITP produce DBAFF
All but one dog in the ITP group, and all dogs in the control group, had evidence of
DBAFF transcription as demonstrated by amplification with RT-qPCR. Cycle threshold
values for dogs in the healthy group had a mean of 39.23 (range: 37.15-44.22), cycle
threshold values for dogs in the ITP group had a mean of 38.56 (range: 36.42-41.06).
5.3.2 DBAFF mRNA is similar in dogs with ITP and normal platelet counts
Use of the DDCT method to analyze RT-qPCR showed DBAFF mRNA levels to be
nearly equivalent in the ITP group compared to healthy dogs (Figure 1). There was not a
significant difference in DBAFF mRNA levels between ITP and healthy controls (p=0.76).
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5.4 Discussion
This study demonstrated DBAFF mRNA production in the majority of a group of
dogs and a lack of difference in relative quantitative DBAFF mRNA expression between
dogs with ITP and healthy dogs. While it has been shown that both humans and mice express
DBAFF, this is the first documentation of a DBAFF homologue in dogs (Gavin et al., 2003;
Gavin et al., 2005). All of the control dogs whole blood samples had measurable DBAFF
mRNA, while 10/11 dogs with ITP had measurable DBAFF. It is unknown if humans, mice,
or dogs express DBAFF constitutively, although based on previous work no tested human
lacked measurable DBAFF mRNA (Lopez De Padilla et al., 2013). The lack of measurable
DBAFF mRNA in one dog in the ITP group may have been secondary to cDNA degradation
or a low copy number. Alternatively, DBAFF may not be constitutively expressed in dogs as
it is in other species.
There was no significant difference in relative DBAFF mRNA in dogs with ITP and
healthy controls. These findings begin to address the question of what drives the BAFF
mRNA increase in dogs with ITP compared to dogs with other causes of thrombocytopenia
and healthy controls. The purported role of DBAFF is negative regulation of BAFF through
three mechanisms: 1) consumption of mRNA via alternative splicing, 2) blockage of BAFF
cleavage at the cell membrane, and 3) trimerization with BAFF (Gavin et al., 2003; Gavin et
al., 2005). It has been shown that ITP in humans and dogs is accompanied by increased
BAFF transcription (Emmerich et al., 2007; Zhou et al., 2009; Zhu et al., 2009). Given those
two findings, it would be expected that animals with aberrantly high BAFF would have a
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concurrent increase in DBAFF to counter the BAFF effects, and indeed this was found in
humans with SLE and inflammatory myopathies (Lopez De Padilla et al., 2013). That dogs
do not have changes in DBAFF mRNA concentrations with ITP may point to a lack of
DBAFF, rather than increased BAFF, as the driving problem. This would be an important
difference from other BAFF-driven autoimmune diseases in humans that have been evaluated
for both BAFF and DBAFF thus far (Lopez De Padilla et al., 2013). Currently, no other study
has evaluated DBAFF in ITP in any animal, so it is unknown if this finding would be true in
humans and mice models as well.
This study was limited by a several factors including a small sample size. In future
having more dogs available, both normal and affected with ITP, would help to address the
issue of if DBAFF is or is not constitutively expressed. Additionally, the use of more cDNA
in the PCR reactions could help to identify samples with very low or single copy numbers of
DBAFF. Despite the relatively high cycle threshold values for the reactions reported here, the
use of a melt curve analysis helped to ensure that the expected products were formed.
Another important limitation of this study is the assumption that the PCR target is
DBAFF. Ideally, our purported DBAFF would be produced and its effect on BAFF binding
BAFF-R and being shed from cells would be analyzed in canine cells as in prior species
(Gavin et al., 2005). The molecule which we propose is the canine homologue of DBAFF is
missing a very similar sequence to human and mouse DBAFF (exon 3 in dogs and humans,
exon 4 in mice), but this does not guarantee an equivalent function. Indeed, there are
numerous splice variants of BAFF that exist in humans and mice, many of which are
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nonfunctional (Bossen & Schneider, 2006; Smirnova, Andrade-Oliveira, & Gerbase-DeLima,
2008). Our group has identified several additional canine BAFF splice variants, missing full
or partial exons, and with alternate start sites as well (unpublished data). A reasonable next
step to address this issue would be to assess the functional capacity of purported canine
DBAFF.
Overall, this study identified canine DBAFF in most dogs in a population of dogs
with and without ITP. There was no difference in DBAFF transcription between the two
groups of dogs, which could indicate that the purported canine DBAFF is not in fact DBAFF,
that a lack of DBAFF is driving BAFF increase in dogs with ITP, or that DBAFF in dogs has
a different function than in humans. Next steps include determining the function of possible
canine DBAFF and evaluating its presence in larger groups of dogs. This work could provide
important insights into the pathogenesis of ITP and the role of BAFF in dogs in health and
disease.
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