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ABSTRACT
IMMUNE-MEDIATED THROMBOCYTOPENIA IN DOGS:
ASSAY DEVELOPMENT, A ROLE FOR COMPLEMENT, AND ASSESSMENT
IN A TOXICOLOGIC STUDY
By

Michael A. Scott

The diagnosis of primary immune-mediated thrombocytopenia (IMT) in dogs is
generally based on clinical criteria, the exclusion of other identifiable causes of
thrombocytopenia, and response to therapy. The diagnosis of secondary IMT associated
with certain drug exposures, infections, and neoplasms has also been based on indirect
evidence. The role of humoral immunity in these conditions remains speculative without
reliable direct assays for canine platelet surface-associated immunoglobulin (PSAIg).

We therefore developed and characterized a sensitive immunoradiometric assay
(IRMA) for canine PSAIg and platelet-bindable immunoglobulin (PBIg). Immuno-
globulins were reproducibly detected in a dose-response fashion with *I-labeled
staphylococcal protein A (SpA), which we found to be unreactive with about 20% and
33% of canine IgG and IgM, respectively. 2’I-labeled antibodies to canine IgG and IgM
were used to define the antibody class and to detect SpA-nonbindable immunoglobulins.
False positive results due to nonspecific PSAIg and PBIg, mostly IgM, were avoided by
using fresh 37°C blood samples and 37°C plasma incubation temperatures.

The PSAIg assay was applied to investigations of the pathogenesis of sporadic
Cytopenias occurring in dogs during a toxicologic study with a proprietary drug.

Significant amounts of drug-dependent antibodies were not consistently detected during



screening or rechallenge studies, so humoral immunity did not appear to be responsible
for the cytopenias.

In human patients, drug-induced IMT may occur when immune complexes bind
to platelet Fcy receptors. We tested canine platelets for a response to heat-aggregated
IgG (HAIgG) analogous to the Fcy receptor-mediated aggregation of human platelets, and
found that they lacked a functional Fcy receptor analogue. Instead, canine platelets were
agglutinated by the complement-mediated (C3) interplatelet bridging of HAIgG. This
progressed to aggregation and release under certain conditions, suggesting the possibility
of a receptor-linked signal transduction pathway.

The importance of PSAlg and complement in the pathogenesis of canine
thrombocytopenic conditions associated with toxicants, infections, neoplasms, and

autoimmunity can now be investigated.
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REVIEW OF THE LITERATURE

The following definitions are provided to clarify how several terms relating to
immunological thrombocytopenias will be used in this dissertation. The use of these

terms has been variable and sometimes imprecise.

platelet associated immunoglobulin (PAIg) = any immunoglobulin detected in or on
platelets including internal and surface immunoglobulin, specifically or nonspecifically
bound in any way; context is required to determine if PAIg refers only to surface
immunoglobulin, as is often the case, or to total immunoglobulin including internal and

surface fractions

platelet-bindable immunoglobulin (PBIg) = any immunoglobulin in serum, plasma, or

fractions thereof that remains bound to platelets after suitable incubations and washes

antiplatelet antibodies = immunoglobulins (PAIg and PBIg) with specificities for
platelet epitopes; the term usually applies to antibodies reactive with surface epitopes, but

antibodies to internal epitopes are also antiplatelet antibodies
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antiplatelet autoantibodies = antiplatelet antibodies with reactivity to platelets from the

same individual that is producing the antibodies

autoimmune thrombocytopenia (ATP) = thrombocytopenia caused by antiplatelet

autoantibodies; ATP is also used for autoimmune thrombocytopenic purpura

idiopathic thrombocytopenia = thrombocytopenia from unknown causes

immune-mediated thrombocytopenia (IMT) = thrombocytopenia resulting from

immunological factors, usually antibody-mediated destruction

primary IMT = IMT unassociated with an underlying condition; while known
to be immune-mediated, cases of primary IMT are also idiopathic in that their

inciting causes are unknown

secondary IMT = IMT associated with underlying diseases such as neoplasia,
systemic lupus erythematosus, hyperthyroidism, or drug exposure; these may or

may not be autoimmune

immune-mediated thrombocytopenic purpura (IMTP) = IMT with mucocutaneous

hemorrhage; many patients have IMT without purpura
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idiopathic thrombocytopenic purpura (ITP) = a disease where mucocutaneous

hemorrhage is associated with thrombocytopenia from unknown causes; this term is also
used by some to mean IMTP because the original terminology persisted after the
immunological nature of many cases of "ITP" was demonstrated; "ITP" is also the
abbreviation often used for "immune thrombocytopenic purpura" which is equivalent to

IMTP

I. Introduction

Platelets, the smallest formed elements of blood, are anucleate cytoplasmic
fragments of the largest hematopoietic cells, the megakaryocytes. Megakaryocytes
residing primarily in the bone marrow but also in such sites as the spleen and lung,! shed
their discoid platelets into the bloodstream. In normal dogs, platelets circulate at a
concentration of about 200,000 - 500,000/ul.> Megakaryocytes also circulate in canine
blood at very low concentrations, perhaps in transit from marrow to lungs,® but the
significance of this is unknown.

The maintenance of normal circulating platelet concentrations requires effective
megakaryocytopoiesis and thrombopoiesis. These complex processes are under cytokine
control such that decreases in circulating platelet mass normally result in increased
platelet production.* Thrombopoietin is the name given to the cytokine primarily
controlling these processes. Thrombopoietin was recently purified and cloned, and its
receptor, c-Mpl, has been identified as the product of the c-mpl proto-oncogene which
is a member of the cytokine receptor superfamily.>®* Canine thrombopoiesis appears to

be governed similarly, as sera from dogs made aplastic by irradiation contain a humoral
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factor, presumably thrombopoietin, that binds to c-Mpl and transmits a mitogenic signal
to megakaryocytes.”® While this signal is pivotal to thrombopoiesis, other cytokines such
as interleukin 6 have been shown to influence the production and function of canine
platelets.’

Circulating platelets participate in numerous physiologic and pathologic processes
including maintenance of vascular integrity, coagulation, fibrinolysis, inflammation,
thrombosis, tumor metastasis, neovascularization, and repair. These metabolic activities
involve the participation of platelet membrane glycoproteins and phospholipids, signal
transduction pathways, internal storage granules and their secretory pathways, metabolic
pathways for the de novo generation and release of cytoplasmic products, muscular and
microtubular components, other cells, and numerous plasma factors.’® Despite their
anucleate status, mammalian platelets are clearly very active, complex, and important
elements of blood.

Of primary relevance to this review, platelets are essential for normal hemostasis.
With damage to vascular endothelium, normal platelets quickly adhere to exposed
subendothelium where they spread, aggregate, and form a primary hemostatic platelet
plug. Subendothelial collagen is important as an initial platelet agonist in this process.
Platelet activation leads to the secretion of ADP from dense granules and to the
generation and release of thromboxane A2, both of which result in the recruitment and
activation of more platelets to strengthen the plug. Concomitant activation of the
coagulation system leads to the generation of another potent platelet agonist, thrombin,
which cleaves fibrinogen to form a stabilizing fibrin network within and around the

platelet plug patching the vascular defect.'
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Severely impaired primary hemostasis results in reduced vascular integrity and
hemorrhage characterized most frequently by mucocutaneous petechiae and ecchymoses,
epistaxis, melena, hematochezia, hematuria, scleral hemorrhage, hyphema, and retinal
hemorrhage. This pattern of hemorrhage occurs in dogs with congenital and acquired
platelet functional defects, and in dogs with marked reductions in the circulating platelet
mass. Thrombocytopenia, defined by a platelet concentration below the normal range,

is generally considered the most frequent cause of nontraumatic hemorrhage in dogs.

II. Thrombocytopenia

A. Pseudothrombocytopenia

True thrombocytopenia must always be differentiated from pseudothrombo-
cytopenia, a laboratory artifact occurring when a substantial proportion of the platelets
in a sample are not recognized as such. With human samples, pseudothrombocytopenia
may occur when platelets are clumped due to:'' 1) anticoagulant-dependent IgG, IgA,
or IgM antibodies reactive to GPIIb/IIIa in the presence of EDTA or sometimes other
anticoagulants;'>'® 2) cold agglutinins; 3) platelet rosetting around neutrophils or
monocytes (platelet satellitism), which is generally due to EDTA-dependent interactions
at room temperature, possibly involving IgG' or thrombospondin;*® 4) platelet activation
during or after venipuncture; or 5) to a significant number of the platelets in a sample
being larger than the high threshold setting for platelets on automated counters. The
latter two are common concerns for the accurate enumeration of canine platelets.

As a breed, normal cavalier King Charles spaniels have the same circulating

concentration of platelets as other canine breeds, but automated counters underestimate
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their platelet concentrations and often indicate thrombocytopenia.'®!” This pseudothrom-
bocytopenia is due to a bimodal distribution of platelet size with one platelet population
similar in size to platelets of other breeds, and a second larger population that is
apparently gated out of the platelet size range by at least some automated cell counters.
The cause of this breed difference is unknown.
Greyhounds generally appear to have lower circulating platelet concentrations than
other breeds.’®!” The mean (+ S.D.) platelet concentration of 36 clinically normal
greyhounds was 154,000 + 43,000, while that of non-greyhounds was 238,000 + 22,000
(p <0.001)." It has been suggested, but not proven, that bipotential marrow stem cells
responsive to erythropoietin and thrombopoietin generate erythrocytes in greyhounds at
the expense of platelets'® This would be consistent with the elevated hematocrits in these
dogs as well as the low platelet concentrations. Platelet sequestration and low-grade
immune-mediated or infectious destruction have also been suggested causes of apparent
thrombocytopenia in greyhounds.!®*' If no pathologic or clinical significance can be
linked to this breed difference, a greyhound-specific reference range for platelet
Concentration will be required to prevent the misdiagnosis of thrombocytopenia in this
breed.

Anticoagulant-induced pseudothrombocytopenia has also recently been reported
in dogs.®?' In a carefully studied case, EDTA-anticoagulated blood from a healthy,
Untreated dog had an apparent platelet concentration of 50,000/ul as assessed by a
Technicon H-1 hematology analyzer.?® The platelet concentrations of several previous
Samples ranged from 248,000 to 316,000/ul. Platelet clumps were also noted by direct

€Xamination of blood smears made at the time of apparent thrombocytopenia. Platelet
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clumping was not apparent when citric acid or heparin were used as anticoagulants, and
the platelet concentrations with these two anticoagulants were 105,000 and 191,000/ pul,
respectively.

Recent studies of the phenomenon with human blood indicate that for any given
sample, several anticoagulants may induce pseudothrombocytopenia, but EDTA
consistently has the greatest effect.'® Interestingly, increasing concentrations of EDTA
appear to increase the effect initially but eventually inhibit and in fact prevent platelet
clumping in susceptible samples.'> While this finding led to the suggestion that calcium
chelation may not be solely responsible for inducing antibody interactions with
GPIIb/IIa, it is also possible that calcium chelation is critical but that high concentrations
of EDTA inhibit necessary metabolic platelet processes. The expression of activation
antigens on clumped platelets indicates that platelet activation and metabolic processes
are involved."

Differentiation of true thrombocytopenia from pseudothrombocytopenia is best
done by the direct evaluation of a blood smear;" the presence of many large platelets
should suggest the need for a manual method of platelet enumeration, and the presence
of platelet clumps indicates the need for another sample. The method of platelet
enumeration significantly affects the degree of pseudothrombocytopenia with any given
sample, and automated counters cannot be relied upon to indicate the presence of platelet

clumps.
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B. Causes of Thrombocytopenia in Dogs

While the focus of this dissertation is on canine IMT, all known causes of
thrombocytopenia in dogs will be discussed because: 1) the diagnosis of IMT is largely
one of exclusion, necessitating a firm knowledge of potential causes, and 2) immune- -
mediated platelet destruction may contribute to thrombocytopenia in many diseases.
What is known about the mechanism of thrombocytopenia in these diseases will be
discussed in an attempt to document any potential immune-mediated contributions, and
to differentiate clearly nonimmune thrombocytopenias from immune or potentially
immune-mediated thrombocytopenias.

General reviews of thrombocytopenia and specific reviews of IMT and drug-
induced thrombocytopenia in dogs have often intermixed a significant amount of
knowledge about the human conditions with a relatively small amount of documented

22224 While similar causes are likely operant in

knowledge about the canine conditions.
analogous human and canine conditions, they are not necessarily identical. In this
review, an attempt has been made to focus principally on canine thrombocytopenia,
omitting several diseases associated with thrombocytopenia in people that have not been
identified in dogs. Human conditions are discussed where they may be useful models to

better understand canine diseases, primarily those with an immune-mediated pathogene-

sis. Discussions pertaining to the human model will be clearly identified as such.

1. incidence and general disease associations
The incidence of thrombocytopenia in dogs is probably best estimated by a

retrospective survey of dogs examined at the College of Veterinary Medicine, North
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Carolina State University from 1983 to 1989.% Of the 18,910 dogs for which a complete

blood count was obtained, 987, or about 5%, were thrombocytopenic (<200,000/ul),
though 48% of these had platelet concentrations over 150,000/ul. This incidence is
biased for a referral institution as well as for the geographic region which, compared to
many other parts of the country, has a higher prevalence of infectious diseases associated
with thrombocytopenia.

The 987 thrombocytopenic dogs were categorized by general disease type such
that thrombocytopenia was attributed to the following: IMT in 5%, cytopathologically
or histopathologically confirmed neoplasia in 13%, inflammation or infection in 23 %,
and miscellaneous causes in 59% .2 Miscellaneous conditions included trauma (70), acute
hemorrhage (29), drug therapy including cancer chemotherapy (70), coagulopathies such
as DIC of unknown origin (8), platelet clumping (70), renal and liver disease (29),
sequestration (3), and bone marrow disease such as hyperestrogenism (6). Also placed
in the miscellaneous category were 304 (31%) dogs for which the cause of thrombocyto-
penia was unknown. Inclusion of thrombocytopenia due to platelet clumping may have
slightly overestimated the incidence of true thrombocytopenia, as pseudothrombo-
cytopenia may have accounted for many of these 70 cases.?

Overall, IMT was diagnosed in 0.26% of all admissions including dogs with
diagnoses of primary IMT (27, 0.14% of all admissions), systemic lupus erythematosus
(SLE) (13), Evans syndrome (6), pemphigus (1), and rheumatoid arthritis (1). The
diagnosis of IMT was made clinically on the basis of a positive antinuclear antibody test,
a positive LE cell preparation, thrombocytopenia with megakaryocytic hyperplasia, or

response to immunosuppressive drug therapy or splenectomy.
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In another study of 60 thrombocytopenic dogs, the general diagnoses were

categorized as immune-mediated in 33 (55%), neoplasia-associated in 11 (18%),
infectious or inflammatory in 8 (13%), and miscellaneous (including DIC and unknown
causes) in 8 (13%).2 The population included only those thrombocytopenic dogs for
which platelet volume analyses and bone marrow evaluation were done within 48 hr of
each other. Since platelet volumes and fragmentation indices were considered useful in
making a diagnosis of IMT, the population was likely biased toward this diagnosis. This
may explain the large difference between the 2 studies with respect to the percentage of
thrombocytopenias attributable to immune-mediated mechanisms.

Clearly, thrombocytopenia is frequently associated with neoplasia and infection
or inflammation, each of which can be occult. This emphasizes the importance of
thorough evaluations in an attempt to exclude such causes before a diagnosis of primary
IMT is reached. Confirming antibody-mediated platelet destruction with reliable tests
for PAIg may be useful for guiding treatment in IMT as well as in the thrombocytopenic

conditions associated with neoplasia, infections, and inflammation.

2. pathophysiologic mechanisms
While numerous specific disease states are associated with thrombocytopenia, only
a few general pathophysiologic mechanisms are ultimately responsible for the condition.
The total body platelet mass at any given time is dependent upon a balance between the
rate of platelet production and the rate of platelet destruction or consumption. The
platelet concentration of peripheral blood is similarly affected by these factors, and

additionally by the degree of platelet sequestration outside the peripheral vascular system.
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When the balance tips toward production, the result is an increased platelet concentration,
called thrombocytosis; when the balance tips toward consumption, destruction, or
sequestration, thrombocytopenia may ensue. Intensified platelet production may partially
or completely compensate consumptive and destructive states, thus maintaining relatively
normal peripheral platelet concentrations.

Many thrombocytopenic states are likely caused by the cumulative effects of
multiple pathophysiologic mechanisms, but others appear to have a predominant cause.
Wherever possible, the following causes of canine thrombocytopenia will be grouped by
the predominating pathophysiologic mechanism thought to produce the thrombocytopenia.
The pathophysiology of thrombocytopenias associated with neoplasia and infectious
diseases are often multifactorial, complex, or only tenuously defined. Consequently,

some of their discussion will be separate from specific mechanistic categories.

a. decreased production
Adequate platelet production is dependent upon the maintenance of a healthy
megakaryocyte population. Conditions which reduce the number of viable megakary-
ocytes or hematopoietic cells in general may lead to thrombocytopenia, bicytopenia, or
pancytopenia. In most cases of bone marrow injury, multiple cell lines are affected.?’
Thrombopoiesis may also be decreased when adequate numbers of megakaryocytes are

present if they are functionally impaired, though this is difficult to evaluate.
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(1) chemical toxicants (drugs) with predictable effects
Predictable and dose-dependent thrombocytopenias have been well-documented
for several common myelosuppressive drugs in dogs. Other chemicals have been
implicated by clinical reports, but a firm cause-and-effect relationship has not been

established.

(a) chemotherapeutic agents

The bone marrow suppression occurring with many antineoplastic chemotherapeu-
tic agents is a well-recognized toxicity that is not restricted to any particular class of
drug.?* Myelosuppression, which may include thrombocytopenia, can occur with the
use of: 1) alkylating agents (busulfan, chlorambucil, cyclophosphamide, melphalan,*!
dacarbazine); 2) mitotic inhibitors (vinblastine); 3) antimetabolites (pyrimidine analogues
including cytosine arabinoside, 5-fluorouracil, and 5-aza-2’-deoxycytidine,*? purine
analogues including 6-mercaptopurine and azathioprine,* and the folic acid antagonist
methotrexate); 4) antibiotics (doxorubicin, mitomycin, mithramycin), and 5) other agents
such as cisplatin, hydroxyurea, and carmustine.

The sometimes severe thrombocytopenia caused by doxorubicin in dogs* has been
associated with decreased platelet survival.’® It is not known if the decreased platelet
survival is just the result of a more rapid turnover of platelets due to the low platelet
concentrations, or if doxorubicin has more direct effects on the platelets which contribute
to their early removal.®> Myelosuppression and thrombocytopenia were profound and
intolerable when doxorubicin was encapsulated in glutaraldehyde-treated erythrocytes

before administration, perhaps because fixation altered the drug’s effect.®® With the
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related drug mitoxantrone, thrombocytopenia does not appear to be a clinical problem
at dosages up to 6.5 mg/m*.*’** Cisplatin, as a single agent, induced severe thrombocy-
topenia with or without granulocytopenia in 10% of 41 dogs treated for a variety of

malignancies.* Azathioprine has also been associated with pancytopenia in dogs.*

(b) estrogens

Estrogens, from either endogenous or exogenous sources, can have profound
effects on hematopoiesis in such sensitive species as ferrets,*'** mice,* and dogs.*® In
dogs, the effects of natural or synthetic estrogens have been well-studied. Hemato-
logically, a marked initial leukocytosis is followed by leukopenia, progressive anemia,
and a persistent thrombocytopenia.**¢ These findings are associated with initially
stimulated but later depressed granulopoiesis, depressed erythropoiesis, and depressed
thrombopoiesis accompanied by a hypoplastic bone marrow.*** The severity of the
hematologic changes are dose-dependent and vary with the individual affected; a
spectrum of conditions, from aplastic pancytopenia to transient thrombocytopenia, may
be seen.

While great individual variation in the toxicity of estrogens has been frequently
noted, others have consistently induced experimental thrombocytopenia in dogs.**4° A
single intramuscular injection of estradiol valerate (1 mg/kg) into 8 healthy dogs led to
mean platelet concentrations that were statistically significantly reduced by day 7, 9.1%
of initial value (351,000/ul) on day 11, and at a nadir of 12,000/ul on day 14.%
Recovery began on day 17 and platelet concentrations were 125,000/ul in the 3 dogs

evaluated on day 23. No dogs bled spontaneously, and mean platelet volumes did not



-




14
change. Megakaryocyte numbers in the bone marrow were markedly reduced, and *"'In-

kinetics were indicative of suppressed thrombopoiesis. The maintenance of minimum
platelet concentrations after all radiolabeled platelets had disappeared indicated
persistence of a basal rate of thrombopoiesis. Predictable thrombocytopenia of similar
severity and time-course was also induced in 4 dogs by a single intramuscular injection
of estradiol cypionate at a dose of 1 mg/kg.*

The synthetic ethynylestradiol has also induced a dose-dependent thrombocytope-
nia.* At a dose of 1 mg/kg per os once daily, thrombocytopenia developed with a nadir
of 71,000/ul during week 4, with partial recovery before a second low of 85,000/ul on
week 10. At a dose of 5 mg/kg, the mean platelet concentration fell to 3,000/ul by week
3 and was persistently low, resulting in severe hemorrhage and death.

Studies in mice have shown that estrogens do not directly inhibit myelopoiesis;
rather, they stimulate the murine thymus to produce an inhibitor of granulocyte-
macrophage progenitor cell replication.”® Canine thymic stromal cells studied in vitro
have also been shown to produce an inhibitor of myelopoiesis, more inhibitory than the
murine analogue,’”> while estrogen has no significant direct effect on canine marrow
progenitors.**>? This and the presence of estrogen receptors on nonlymphoid thymic cells
suggests that the thymus may mediate estrogen-induced myelosuppression in vivo.? In
vivo studies have shown that some dogs injected with estrogen had a serum factor
inhibitory to GM-CFU formation.> It is not yet known if this factor is the same as that
produced by thymic stromal cells in culture, but it may play an important role in the

development of the cytopenias produced in some animals exposed to estrogen.
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Variations in the amount produced may explain the variations among dogs in susceptibili-
ty to estrogen myelotoxicosis.*
Clinically, estrogen-induced thrombocytopenia develops from endogenous and

€xogenous estrogen sources.

i) endogenous
Thrombocytopenia with bone marrow hypoplasia occurs secondary to the high
concentrations of endogenous estrogens produced by some testicular sertoli cell
neoplasms>-** and by some ovarian granulosa cell neoplasms.*® Myelosuppression with
thrombocytopenia due to hyperestrogenism has also occurred with testicular interstitial

cell tumors.”’

il) exogenous

Thrombocytopenia has also occurred as a result of the use of synthetic estrogens
to terminate pregnancies®® or as therapies for such conditions as estrogen-responsive
urinary incontinence, prostatic hyperplasia, and perianal hepatoid adenomas.*® Marrow
suppression is not unique to any particular synthetic estrogenic compound, though there
appear to be differences in toxicity.

While many believe that the chance for success in treating dogs with estrogen-
induced myelosuppression are too low to be justified, therapy has been successful when
repeated platelet transfusions were used.”” However, considerable effort and expense

may be required to provide the necessary long-term support. Surgical extirpation of
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estrogen-producing neoplasms is certainly necessary when endogenous sources are

present.

(c) drugs with idiosyncratic effects

Phenylbutazone and meclofenamic acid are nonsteroidal anti-inflammatory drugs
which have been associated with idiosyncratic myelosuppression and hypoplastic bone
marrows in dogs.*#’%¢! Bicytopenias and pancytopenia have been reported, but the
pathophysiology of the suppression has not been studied in dogs.

Scattered clinical case reports have implicated other drugs as causes of
thrombocytopenia due to myelosuppression. These include thiacetarcemide which was
associated with pancytopenia, trimethoprim-sulfamethoxazole associated with
thrombocytopenia and anemia,® and trimethoprim-sulfadiazine with fenbendazole which
was associated with aplastic anemia.*’%

In the case of trimethoprim-sulfadiazine, it appears that myelosuppression can
occur when administered to dogs on poor diets with poor folate status.® In such dogs,
potentiated sulfonamides further decrease folate concentrations by inhibiting sequential
steps in folate metabolism. This can lead to suppressed DNA synthesis and reduced
hematopoiesis. However, folate deficiencies are rare in dogs, so more studies are needed
to understand the significance of this potential. It is important to recognize the potential
myelosuppressive effects of the potentiated sulfonamides because these antimicrobials
have also been implicated in causing immune-mediated platelet destruction in dogs (see

below). The two conditions require differentiation.
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(2) irradiation

Ionizing radiation from sources including x-rays, ®¥Co, ' Au, 2%Ra, »°Pu, *Sr,
21%pg, and *°Y has long been used to induce generalized bone marrow aplasia in dogs for
the study of the effects of irradiation and as models for treatment of radiation-induced
disease.® Irradiation, be it x-irradiation,®-®® y-irradiation (*Co),*" or internal B-
irradiation from exposure to and absorption of *Sr’>" or 3P’ may cause thrombocytope-
nia or pancytopenia with terminal aplastic anemia or myeloproliferative disease. Because
%Sr and 3?P translocate quickly to the skeleton after exposure, myelosuppression by these
B-emitters is similar to that of acute external radiation. This myelosuppression has been
used to advantage in the therapy of such conditions in dogs as polycythemia vera
(primary erythrocytosis) and essential thrombocytosis.”

Recently, marrow-ablative total body irradiation (*Co) has been used in dogs
prior to autologous bone marrow transplantation.””” These dogs required as long as 8
weeks for their platelet concentrations to exceed 20,000/ul, and platelet transfusions were

necessary for up to 7 weeks to prevent significant hemorrhage.

(3) myelophthisis
Marrow replacement by primary or metastatic neoplastic proliferations can cause
myelophthisic thrombocytopenia or multiple cytopenias in dogs when substantial marrow
infiltration is present. It may not be possible, however, to definitively incriminate
physical marrow replacement as the principal cause of suppressed hematopoiesis in any
given case. Myelophthisic suppression has been reported to occur in dogs with acute

myelogenous and lymphocytic leukemias,” chronic lymphocytic leukemia,’®”
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88 multiple myeloma,* some

lymphocytosis of large granular lymphocytes,® lymphoma,
cases of megakaryoblastic leukemia® and other myeloproliferative disorders involving
megakaryocytes.® The spectrum of marrow involvement by canine lymphoproliferative
malignancies, from focal to packed patterns, has been described.®® The precise
mechanisms of myelophthisic-induced myelosuppression are not known, but competition
for nutrients, occlusion of blood supply, lysis of marrow cells, and secretion of inhibitors
have been considered potential contributing factors.

Myelofibrosis is also a cause of marrow replacement and thus may potentially
cause or contribute to thrombocytopenia. In dogs, myelofibrosis has been associated with
neoplasia, hemolytic anemias, irradiation, and myelonecrosis, though the cause is
unknown in many cases.®®¥ Thrombocytopenia has specifically been associated with
myelofibrosis in dogs with neoplasia,’®*® DIC,* myelonecrosis,® pyruvate kinase
deficiency,®®®' and experimental irradiation.”>®> Myelonecrosis without apparent
myelofibrosis has also been associated with thrombocytopenia.®®* Causes of myelo-
necrosis have recently been reviewed for dogs and include infections, neoplasia, and
drugs.¥

Thrombopoiesis may not be as sensitive to myelofibrosis as is erythropoiesis. In
one series of 14 dogs with myelofibrosis, 13 had nonregenerative anemias (mean Hct =
18%) but only 3 were thrombocytopenic, and not markedly s0.% In fact, 5 nonthrombo-
cytopenic dogs actually had an increased number of megakaryocytes, consistent with the
hypothesis that megakaryocyte-derived growth factors have a pathophysiologic role in at
least some cases of myelofibrosis. The relative effects of myelofibrosis on different

marrow cell lines may depend on the underlying cause.
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(4) immune-mediated suppression

Thrombocytopenia associated with marked marrow hypoplasia or aplasia has been
reported in a dog with a positive result for possible antiplatelet antibodies using a platelet
factor-3 (PF3) assay.* IMT was strongly suspected, but response to therapy could not
differentiate the effects of oxytetracycline from those of corticosteroids. Other
weaknesses of the case study included failure to examine a core biopsy of the marrow
and use of serum for the PF3 assay (discussed below). However, the case suggests that
amegakaryocytic IMT may occur in dogs, similar to the better studied canine cases of
antibody-mediated pure erythrocyte aplasia.®

Acquired amegakaryocytic thrombocytopenia in people is a rare disorder
characterized by the absence or extreme paucity of megakaryocytes. It probably has
multiple causes, but the general lack of recognizable megakaryocytes or of marrow cells
reactive with anti-[platelet glycoprotein] antibodies suggests a defect in megakaryocyte
development at a stage preceding the acquisition of platelet glycoproteins.* In some
cases, it has been caused by antibodies reactive to platelets and megakaryocytes***’ or
to cytokines®® that normally participate in megakaryocytopoiesis. While such cases are
actually a type of IMT, their pathogenesis involves an obvious production failure and so
they are addressed here.

In one carefully studied human patient with amegakaryocytic IMT and elevated
PAIg, IgG isolated from the patient’s plasma after she relapsed with the disease markedly
inhibited the formation of megakaryocyte CFU, especially in the presence of comple-
ment.” This inhibition could be removed by incubating the IgG with autologous or

allogeneic platelets. IgG isolated from a sample obtained when the patient was in
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remission did not inhibit megakaryocytopoiesis. These findings indicated the presence
of antibodies that bound to platelets and also inhibited normal megakaryocytopoiesis. In
another patient, GM-CSF activity was suppressed by anti-[GM-CSF] antibodies such that
the patient had amegakaryocytic thrombocytopenia in the absence of elevated PAlg.%
While these reports are rare, antibodies may more commonly react with megakaryocytes
in such a way as to alter their development and thrombopoietic activity but not their
number®!'% (see below).

Cell-mediated immunity has also been implicated in the pathogenesis of human
acquired amegakaryocytic thrombocytopenia, with suppression of megakaryocytopoiesis
being thought to result from T lymphocytes in one case and cells of the monocyte/macro-
phage line in another.!” The contribution of cell-mediated immunity to canine
amegakaryocytic thrombocytopenic conditions remains to be shown.

Increased PAIgG has also been detected in human patients with aplastic
pancytopenia, reportedly unrelated to transfusion history.!®!% This suggests that aplastic
pancytopenia may have an autoimmune or immune-mediated component in some people,
and that platelet destruction and decreased platelet production may occur simultaneously.
Since some cases of pure erythrocyte aplasia in dogs appear to have an immune-mediated
pathogenesis,*"'% it would seem reasonable to hypothesize that some cases of aplastic

pancytopenia in dogs may also be immune-mediated.
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(5) hereditary disorders

(a) cyclic hematopoiesis
Cyclic hematopoiesis of grey collies is a rare autosomal recessive condition
characterized by regular cyclic fluctuations in leukocyte, reticulocyte, and platelet
concentrations with a periodicity of about 11-14 days.'®'” Periodic decreases in cell
production are due to a stem cell disorder that is correctable by bone marrow
transplantation.!® Cyclic depressions in platelet concentrations may be great enough to

induce thrombocytopenia in affected dogs.

(b) hereditary thrombasthenic thrombopathia
A variable but moderate thrombocytopenia was reported in otterhounds with
hereditary thrombasthenic thrombopéthia, but the cause of the thrombocytopenia is
unknown.!®!% The presence of a large population of bizarre giant platelets and the
deficiency in surface glycoproteins in affected dogs suggests that the thrombocytopenia

may be the result of production abnormalities.

(6) infections
Decreased platelet production may contribute to the thrombocytopenia of
infections when megakaryocytes are damaged by direct infection, immune-mediated
mechanisms, or presumably by the local effects of marked intramedullary inflammation.
For example, canine distemper virus can infect megakaryocytes and may contribute to
thrombocytopenia in distemper.'!! Chronic canine monocytic ehrlichiosis is associated

with bone marrow hypoplasia and cytopenias of unknown cause.''>'® And infections
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with such organisms as Leishmania spp. can be associated with granulomatous marrow
infiltrates of organism-laden macrophages that may affect hematopoiesis.!"* The
thrombocytopenia of these diseases is multifactorial and will be discussed in more detail
below.

Canine parvovirus infects rapidly dividing cells leading most notably to acute
enteritis and often panleukopenia.'’> Parvoviral infections have reportedly been
associated with suppression thrombocytopenia.!!®* However, viral antigen has minimally
and inconsistently been found in the bone marrow of experimentally infected dogs, and,
when present, it was not apparent in recognizable cells of the megakaryocytic series. !>
Moreover, the neutropenia appears to be secondary to severe enteritis rather than to
marrow suppression.'’* Other studies have failed to identify significantly suppressed
erythropoiesis.!'® Overall, there is no compelling evidence to indicate that suppressed
hematopoiesis causes thrombocytopenia in canine parvoviral infections. @ When
thrombocytopenia occurs, it is more likely related to septicemia/endotoxemia associated

with severe enteritis. !’

(7) idiopathic
Bone marrow aplasia or hypoplasia can occur without an obvious cause, as can
megakaryocytic aplasia or hypoplasia. Such cases of platelet production failure must be
classified as idiopathic, though they may in fact be the result of unidentified myelosup-

pressive toxicants, infections, or immunologic disorders.
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(8) other

Defective platelet production and thrombocytopenia reportedly occur with

uremia,''® but the precise pathogenesis and frequency in dogs are not clear.

b. abnormal distribution (sequestration)

Conditions falling into this category occur when the total body platelet mass is
normal, but the circulating platelet concentration is reduced because of reversible platelet
redistribution out of the circulation. Redistribution into organs has been commonly
referred to as sequestration. However, the term "sequestrati<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>