Clinical use of Hematopoietic Growth Factors-Chapter 103
Erythropoietin
· Production 
· Primarily in juxtatubular interstitial cells of the renal cortex
· Small amount in the liver
· Hypoxia is the most potent stimulus
· Increases production by activity of hypoxia-inducible factor 1α
· Actions
· Cooperates w/ IL-3, stem cell factor, and TPO
· Promotes erythroid progenitor cell survival by
· Apoptosis evasion by up-regulation of anti-apoptotic protein BCLXL
· Reduction in the level of cell cycle inhibitors
· Human application
· Recombinant human EPO approved for the treatment of anemia due to CKD, HIV, and chemotherapy induced anemia
· Darbepoetin alpha allows for longer duration due to increased level of glycosylation
· Veterinary application
· Recombinant human EPO causes a dose-dependent increased in Hct
· No standardized dosing schedules
· Recommendation for supplementation of iron
· Adverse reactions:
· Transient cutaneous or mucocutaneous reactions w/ or w/out fever
· Hypertension
· Seizure
· Erythrocytosis
· Development of neutralizing antibodies-seen in 20-30% of animals
· Causes RBC aplasia, may or may not reverse after stopping drugs
· Recombinant canine EPO was investgated in dogs w/ CKD, no neutralizing antibodies noted
· Recombinant feline EPO investigated in cats w/ CKD, did develop neutralizing antibodies
· Darbepoetin anecdotally used at several veterinary institutions
Granulocyte-colony stimulating factor
· Production
· Bone marrow stromal cells
· Monocytes/macrophages
· Endothelial cells
· Action
· Binds to granulocyte progenitor cells in bone marrow
· Stimulates proliferation and maturation of neutrophil precursors
· High doses act on several different hematopoietic progenitors
· Promotes neutrophil migration across vascular endothelium
· Primes neutrophils for cell killing
· Human applications
· Causes a dose-dependent rise in neutrophils and moderate increase in monocytes
· Reduces the length of stay in neutropenic humans
· Used for treatment of cyclic neutropenia and in association with bone marrow transplant
· Veterinary applications
· Canine G-CSF transiently increases neutrophil and macrophage numbers in dogs and cats
· Reduces the duration and severity of chemotherapy-induced myelosuppression
· Used in cyclic hematopoiesis of gray collie dogs, but chronic use causes neutralizing antibodies
· Reported in the setting of total body irradiation and bone marrow transplant
· Bone for collection (to increase numbers) and following therapy
Granulocyte-macrophage colony-stimulating factor
· Production
· Fibroblasts
· Endothelial cells
· Monocytes
· T lymphocytes
· Action
· Prolongs the survival of hematopoietic progenitors and mature neutrophils, eosinophils, and macrophages
· Stimulates the proliferation of progenitor cells
· Enhances the functional capacity of mature cells
· Human application
· For people >55 years of age with acute myelogenous leukemia after chemotherapy
· Also has utility in bone marrow transplant
· Side effects
· Bone pain
· Fever
· Flu-like symptoms
· Veterinary applications
· Recombinant canine product caused increases in circulating neutrophils and monocytes in healthy dogs
· Recombinant human product had variable results in dogs with chemotherapy induced myelosuppression
· Prevents recurrent neutropenia in grey collie dogs w/ cyclic hematopoiesis, get neutralizing antibodies in 2-3 weeks
· DNA plasmid vectors containing coding sequence for GM-CSF can be delivered directly to tumors
· Allows local recruitment and activation of macrophages
· Investigated in dogs with malignant melanoma and metastatic tumors
Thrombopoietin
· Production
· Liver
· Actions
· Late-acting megakaryocyte maturation factor
· Stimulates hematopoietic progenitor cells to undergo proliferation and differentiation into megakaryocytic colonies
· Synergizes with stem cell factor and IL-3 to stimulate hematopoietic progenitor cell division and differentiation
· Human applications
· Prevent severe thrombocytopenia following myelosuppressive chemotherapy
· In adults with chronic immune thrombocytopenic purpura
· In bone marrow transplate for both platelet recovery and other lineages after transplant
· Veterinary applications
· May be useful in any disease process resulting in thromobcytopenia
Interleukin-3
· Production
· T- cells
· Action
· Mainly on CD34+ hematopoietic progenitor cells
· Promotes survival and expansion of these cells
· Produces the same effects on committed progenitors of granulocyte-macrophage, erythroid, eosinophil, basophil, megakaryocyte, and mast cell lineages
· Enhances myeloid cell functions
· Leads to multilineage expansion of myeloid cells including platelets, neutrophils and monocytes
· Can be used alone or in combination with rhGM-CSF
· Human applications-none discussed
· Veterinary application-none proposed
Stem cell factor
· Production
· Bone marrow stromal cells
· Fibroblasts
· Endothelial cells
· Action
· Promotes production of lymphoid, myeloid, and erythroid lineages from hematopoietic precursors
· Human applications
· Potential benefit in precursor damage, deficit, or in the setting of bone marrow transplant
· Results in significantly increased progenitor cells in the bone marrow and blood
· Enhances the proliferation of bone marrow cells from patients with aplastic anemia
· Veterinary application
· Hematopoietic recovery after bone marrow transplant or total body irradiation
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· Evaluating efficacy of darbepoetin in cats w/ CKD
· Evaluated 66 cats reciving darbe, excluded majority due to death prior to 56 weeks
· Decided to evaluate over 56 weeks due to authors experience for time frame to expect response as well as side effects
· Most died due to euthanasia due to poor quality of life as a result of underlying disease
· Included 25 cats, considered an adequate response if PCV exceeded 25% by the end of 8 weeks
· 14 cats responding, 13 of fourteen cats received doses exceeding 1 mcg/kg/week
· Adverse effects considered potentially a result of darbe were vomiting, hypertension, fever and seizure

Questions
1) IL-3 exerts its effects predominantly on
a) [bookmark: _GoBack]CD34+ progenitor cells
b) Red blood cell progenitor cells
c) CD20+ progenitor cells
d) Megakarycyte progenitor cells
2) Extrapolating from clinical efficacy studies, darbepoietin is considered efficacious in cats with CKD in approximately what percent of the population?
a) 20
b) 40
c) 50
d) 70
3) Erythropoietin by the kidneys is via the
a) Macula densa
b) Juxtatubular interstitial cells
c) Type A intercalated cells
d) Aquaporin-1 channel
4) Signaling for the production of erythropoietin from hypoxia is via
a) Thrombopoietin
b) cAMP
c) Hypoxia-inducible factor 1α
d) Gammaglutamyl transpeptidase
5) Stem cell factor is naturally produced by
a) Stromal cells of the bone marrow
b) Renal interstitial cells
c) Zone 1 hepatocytes
d) Glial cells of the frontal cortex
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