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Abstract 

Urokinase (uPA) and urokinase receptor (uPAR) are present in the urinary 

tract of people, mice, rats and cows. The presence of urokinase and urokinase 

receptor in the urinary tract of dogs has not been documented. Documenting the 

presence of uPA and uPAR in the urinary tract of healthy dogs will help 

determine the role these proteins play in pathology of the urinary tract in further 

research. 

  Urine was collected from fifty-four healthy dogs. A fluorescence assay was 

developed using the fluorogenic substrate Z-Gly-Gly-Arg-AMC, HCl. This assay 

documented presence of active uPA-like protein in concentrated urine. A direct 

sandwich ELISA assay was developed using a mouse anti-mouse primary 

antibody and a biotin labeled rabbit anti-human secondary antibody. This ELISA 

documented presence of active and inactive uPA-like protein and measured 

concentration of uPA-like protein in concentrated urine.  

 Tissues from the urinary tract of eleven normal dogs; four intact females, 

five intact males and two castrated males; were collected from kidney, ureter, 

urinary bladder, urethra, prostate and testicle. SDS-PAGE/Western blot analysis 

using mouse anti-mouse, mouse anti-human and rabbit anti-human uPA 

antibodies and a mouse anti-human uPAR antibody were used to identify uPA-

like and uPAR-like protein on the basis of molecular weight and antigen-antibody 

reactions. 

Immunoprecipitation was employed to enhance identification uPA-like and 

uPAR-like protein using mouse anti-mouse, mouse anti-human and rabbit anti-

human uPA antibodies and a mouse anti-human uPAR antibody. 



 xiv

Immunohistochemistry was utilized to identify staining in specific cell types within 

the urinary tract. The uPA antibodies used were directed against human and 

mouse urokinase. The uPAR antibody used was directed against human 

urokinase receptor. 

A urokinase-like protein is present in urine from healthy dogs in small but 

measurable quantities. Urokinase-like and urokinase receptor-like protein are 

present in the urinary tract of the healthy dog. This distribution is similar to that 

identified in people. The role of urokinase-like and urokinase receptor-like protein 

in the urinary tract of the normal dog is yet to be defined.  
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Chapter 1 Introduction 
 
1.1 Urinary Tract Surgery in Animals 

Urinary tract surgery is performed in dogs to relieve urinary tract 

obstruction due to neoplasia or urolithiasis, to correct congenital abnormalities or 

to obtain biopsies.  Surgical procedures include cystotomy, cystostomy, partial 

cystectomy, nephrectomy, nephrotomy, ureteral implantation, urethrostomy and 

urethrotomy. Post-operative hemorrhage is a potential complication of urinary 

tract surgery, particularly following renal or lower urinary tract diversion surgery. 

In some cases, post-operative hemorrhage may necessitate blood transfusion 

and lead to extended hospitalization.1, 2 

1.2 Factors Contributing to Post-Operative Urinary Tract Hemorrhage 

 Factors contributing to post-operative hemorrhage include: the vascularity 

of penile tissue, continued mechanical disruption of blood clots due to urine flow 

past the surgical site, and failure to achieve an adequate fibrin seal when the 

urethrostomy is left to heal by  second intention healing of urethrotomy closes 

and the selected suture pattern for urethrostomy closures.2, 3 

1.3 The Role of the Fibrinolytic System after Urinary Tract Surgery 

The role of the fibrinolytic system in dogs after urinary tract surgery has 

not been established. Some have alluded to the role of urokinase in excessive 

post-operative hemorrhage after urethral surgery.2   

1.4 Urokinase and Urokinase Receptor in the Urinary Tract 

Urokinase or urokinase plasminogen activator (uPA) and urokinase 

receptor or urokinase plasminogen activator receptor (uPAR) are present in the 

tissues of the mammalian urinary tract. 4-6 The function of uPA and uPAR in the 
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urinary tract is not completely understood but they are important in development 

of the tubular anatomy of the urinary tract and in maintaining patency within the 

developing and mature urinary tract.7  

The proteolytic activity of human urine and its ability to dissolve fibrin clots 

has been known for decades and was discovered to be due to the presence of a 

plasminogen activator, later named urokinase.5, 8, 9 Urokinase is known to be 

increased in inflammatory and other pathological conditions of the urinary tract in 

people.7, 10, 11 Quantification of uPA in canine urine and identification of urokinase 

and urokinase receptor in tissues of the urinary  tract may help in determining if 

they have a role in fibrinolysis which may contribute to post operative 

hemorrhage following urinary tract surgery in dogs. 11, 12 

1.5 Clinical Significance in Dogs 

Post-operative hemorrhage in dogs undergoing urinary tract surgery can 

be substantial. Whether uPA has a substantial role in prolonged bleeding after 

urinary tract surgery in dogs is unknown. If urokinase does play a significant role, 

use of drugs such as ε-aminocaproic acid that competitively inhibit plasminogen 

activator substances may be useful. ε-aminocaproic acid has been successfully 

used in people to inhibit uPA and decrease bleeding during renal amyliodosis 

and menstruation.13, 14 Anecdotal reports of ε-aminocaproic acid successfully 

halting hemorrhage within the urinary tract are exist in veterinary medicine, 

however, no controlled studies have been performed.15 Dosages of ε-

aminocaproic acid have not been established for dogs.15  

The function of uPA within the urinary tract of dogs is not known but might 

be important in maintaining patency of the urinary tract in the face of hemorrhage 
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and in the embryologic development of the urinary tract, which is a complex 

system of hollow tubes. Identifying and quantifying uPA and uPAR in the normal 

canine urinary tract is an initial step in evaluating a possible role of uPA in the 

fibrinolytic system of the normal canine urinary tract. A description of the 

distribution of uPA and uPAR in urinary tract of normal dogs is the first step in the 

identification of disease related changes in the distribution of uPA and uPAR.  

1.6 Investigational Objectives 

The objectives in this investigation were: 

1. To identify and quantitate urokinase in the urine of healthy dogs. 

2. To identify urokinase and urokinase receptor in the urinary tract of 

healthy dogs. 

3. To validate the use of antibodies directed against human uPA and 

uPAR and mouse uPA for identification of uPA and uPAR in the urinary 

tract of healthy dogs. 
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Chapter 2 Literature Review 
 
2.1 Introduction 

 The focus of this thesis is on the distribution of urokinase and urokinase 

receptor in the urinary tract of the normal dog. These proteins play an important 

role in the activation of the fibrinolytic system in the body, a system that is 

integrally involved in hemostasis.  

2.2 Hemostasis 

 Hemostasis refers to the prevention of blood loss through a vessel when 

vascular integrity is lost. Hemostasis is achieved as the result of several integral 

mechanisms. These mechanisms include vascular spasm, formation of a platelet 

plug, formation of a blood clot as a result of blood coagulation, and formation of a 

permanent seal through a fibrin plug.1 The final step in those vessels which are 

able to restore patency is clot lysis.2 

 2.2.1 Vascular Constriction 
 
 Following trauma to a blood vessel, the autonomic nervous system, 

myogenic spasm and humoral factors released from traumatized endothelium 

combine together to reduce the flow of blood from the vessel. The majority of the 

vasoconstriction is attributed to myogenic contraction. In very small vessels 

platelet derived thromboxane A2 is responsible for most of the constriction.1, 2 

Endothelin and bradykinin also contributes to vascular constriction.2 

 2.2.2 Platelet Plug Formation 
 
 Small holes within blood vessels are sealed with a platelet plug as 

opposed to a blood clot. Platelets have many functional characteristics that allow 
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them to contribute to hemostasis. Actin, myosin and thrombosthenin allow 

platelets to contract and expand. Remnants of endoplasmic reticulum and Golgi 

apparatus mediate synthesis of enzymes and storage of calcium for contraction 

and expansion. Platelets are capable of producing adenosine triphosphate (ATP) 

and adenosine diphosphate (ADP) within mitochondria for energy for platelet 

activity. Prostaglandins are synthesized within platelets. These prostaglandins 

contribute to local vascular and tissue reactions like inflammation. Platelets 

contain fibrin-stabilizing factor which is important in creating bonds and cross-

linkages between fibrin molecules and fibers. Platelets also secrete growth factor 

that causes vascular endothelial, smooth muscle and fibroblasts to multiply and 

grow, allowing vascular repair. Platelet surfaces contain glycoproteins that 

promote adhesion to injured endothelial cells and exposed vessel wall. Platelet 

membranes also contains phospholipids that participate throughout the clotting 

process 1 

 In the presence of vascular injury platelets undergo three reactions: 1. 

Adhesion and shape change, 2. secretion, and 3. aggregation. Reactions occur 

simultaneously. Following adhesion, contractile proteins cause release of 

granules from the platelets that adhere to collagen in the vessel wall and von 

Willebrand factor in the plasma. Platelets secrete adenosine phosphate (ADP) 

and thromboxane A2 which activate and recruit more platelets to the forming 

plug.1, 2 Prostaglandin I2 is secreted by surrounding intact vascular endothelium 

inhibiting platelet aggregation past the site of injury by decreasing release of ADP 

from extra platelets. The platelet cell membrane glycoprotein also inhibits 

adherence to normal endothelium.2 
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 2.2.3 Blood Coagulation and Fibrin Plug Formation 
 
 If the injury to a vessel is severe a blood clot will begin to form in 15 to 20 

seconds. If the trauma has been minor, formation of this clot may take 1 to 2 

minutes. The process is initiated by activated substances from the endothelium 

and exposed collagen, platelets and blood proteins adhering to the vessel wall. 

The clot can completely fill the end of a small vessel and within an hour begins to 

retract.1 

 Fibrin plug formation occurs when the blood clot is invaded by fibroblasts, 

creating connective tissue throughout the clot. This process begins within a few 

hours of the blood clot formation and continues into organization of fibrous tissue 

over 1 to 2 weeks.1  

 2.2.4 Clot Lysis 
 
 Clot lysis requires the activation of circulating plasminogen to plasmin. In 

the initial stages of clot formation, plasminogen is trapped within the clot.  Tissue 

plasminogen activator is then released, which cleaves the plasminogen to 

plasmin, allowing the clot to be removed.2, 3 In non-vascular tissues a similar 

process is occurring. However, in non-vascular tissues urokinase is the 

plasminogen activator which cleaves the plasminogen.3  

2.3 The Coagulation System 

 The coagulation system is composed of more than a dozen factors which 

interact in a complex cascade of reactions within blood vessels and in the 

surrounding tissues to produce hemostasis (table 2.1 and figure 2.1). Most of the 

numbered factors are circulating inactive serine proteases, except factors V and 
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VIII and fibrinogen which are labile. The factors become activated after initiation 

of coagulation. The coagulation pathway is divided into the intrinsic or contact 

pathway, the extrinsic pathway and the common pathway.2, 4  Plasma in dogs 

and people have similar activity of prothrombin. Dogs have higher concentrations 

and activities of fibrinogen, factor VIII and contact factors (factor XII, prekallikrein, 

high-molecular-weight-kininogen and factor IX).4, 5 

Table 2.1. Coagulation Factors 
Name Synonym Pathway 
Factor I Fibrinogen Common 
Factor II Prothrombin Common 
Factor III Tissue factor; tissue 

thromboplastin 
Extrinsic 

Factor IV Calcium All 
Factor V Proaccelerin; labile factor Intrinsic/extrinsic 
Factor VII Proconvertin; stabile factor Intrinsic 
Factor VIII Antihemophilac factor A Intrinsic/common 
Factor IX Christmas factor; 

antihemophilic factor B 
Intrinsic 

Factor X Stuart factor Common 
Factor XI Plasma thromboplastin 

antecedent 
Intrinsic 

Factor XII Hageman factor Intrinsic 
Factor XIII Fibrin-stabilizing factor Common 
Prekallikrein Fletcher factor Extrinsic 
High-molecular-weight-
kininogen 

Fitzgerald factor, HMWK  Intrinsic/extrinsic 

Platelets  Intrinsic/extrinsic 
Kallikrein  Intrinsic 
Protein C  Intrinsic/common 
Protein S  Common 
 

2.3.1 The Extrinsic Pathway 
 
 The extrinsic pathway is activated when traumatized tissue in vascular 
 
adventitia and surrounding tissues, i.e. muscle, release tissue factor (TF) from 
 
the cell membranes. Tissue factor complexes with circulating blood coagulation 
 
factor VII in the presence of calcium and phospholipids.2, 4 Factor VII is activated 
 
by factors Xa and IXa or by factor XIIa. The factor VIIa-TF complex then  
 
activates factor X which in turn activates factor IX.4 The activated factor X 
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Figure 2.1. Coagulation Pathway: Blue arrows represent activation, Green broken arrows 
represent inhibitors, Red dotted arrow represents upregulation. 
 
complexes with tissue and platelet phospholipids, to form prothrombin activator.  

Prothrombin activator splits prothrombin to thrombin. At this point factor V can 

also split prothrombin to thrombin and thrombin itself can cause prothrombin to 

split into active thrombin in the intrinsic cascade.2 
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 2.3.2 The Intrinsic Pathway 
 
 The intrinsic pathway is initiated by trauma to the blood vessel itself when 

collagen in a damaged vessel wall is exposed. This trauma causes activation of 

factor XII and release of platelet phospholipids.2 Factor XII complexes with factor 

XI and high-molecular-weight-kininogen (HMWK), causing activation of factor XII. 

Factor XIIa activates factor XI and prekallikrein. Kallikrein increases factor XII 

activation. High-molecular-weight-kininogen binds to prekallikrein and factor XI 

as a cofactor for the intrinsic pathway surface-mediated reactions.4 Factor IXa 

combines with factor VIII in the presence of platelet phospholipids to activate 

factor X.2  

 The complement system acts with the contact phase of blood coagulation. 

The complement system is comprised of plasma proteins which give rise to 

chemotaxis mediators, increased vascular permeability, opsonin activity, 

phagocytic activity and cytolysis. Factor XIIa fragments initiate the classical 

pathway of complement by activating C1.6  

 2.3.3 The Common Pathway 
 
 The result of both the intrinsic and extrinsic pathways is the conversion of 

factor X to factor Xa. This is the starting point of the common pathway or the 

phase of thrombus formation. Thrombin cleaves fibrinogen into fibrin monomers. 

The initial clot is not cross-linked and is quite weak. Thrombin activates factor 

XIII, present in plasma and platelets. Factor XIIIa then creates fibrin dimers by 

cross-linking adjacent fibrin fibers. This gives the clot strength and durability.2, 4 

Fibrinogen is an important protein in both the formation and lysis of blood 
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clots. Fibrinogen is produced by hepatocytes and megakaryocytes and circulates 

in the plasma. Fibrinogen is a symmetrical dimer which is cleaved by Factor IIa to 

convert fibrinogen to fibrin. Once fibrin is formed it stacks with platelets and 

thrombin to form a loose fibrin plug. The fibrin molecules are later cross-linked by 

factor XIII to form a stable fibrin plug. This is where the fibrinolytic system begins 

to dissolve the plug.  

2.4 The Fibrinolytic System  

 Until the 1990’s the fibrinolytic system was regarded as being primarily 

involved in the regulation of intravascular clot dissolution via activation of 

plasminogen. This came from the knowledge that impairments in the fibrinolytic 

system resulted in increased bleeding or thromboembolic disease. In more 

recent research with knock-out mice it became evident that the fibrinolytic system 

has a more global role in the body. Fibrinolysis is involved in many aspects of 

cellular activity and tissue development, both beneficial and harmful to an 

organism as well as thrombolysis.7 Some authors consider this system to be 

more properly named the plasminogen system due to the role in many other 

activities besides just resolution of fibrin clots within the vascular system.3 

The fibrinolytic system has many components (table 2.2). The role of the 

fibrinolytic system in mammals is the maintenance of patent vasculature during 

thrombosis. It also functions during the inflammatory and maturation phases of 

wound healing. Fibrinolysis occurs for in the testicle and the placenta. 

Fibrinolysis is also important in angiogenesis, embryologic development, tissue 

remodeling, and in the pathogenesis of neoplastic disease. 8-18 

Tissue plasminogen activator (tPA) and urokinase (uPA) are the most 



 12

Table 2.2 Components of the Fibrinolytic System 
Component Molecular Mass, 

kDa 
Mean 
Plasma Conc 

Half-Life Function 

Plasminogen 92 0.2 mg/ml 50 h Proenzyme 
Tissue-type 
plasminogen activator 

70 5-10 ng/ml 2-3 min Plasminogen 
activator 

Urokinase 53, 33 1 ng/ml 3-5 min Plasminogen 
activator 

Prekallikrein 88 0.04 mg/ml 25 h Proenzyme 
Factor XII 80 0.03 mg/ml 60 h Proenzyme 
α2-Antiplasmin 70 0.07 mg/ml 50 h Plasmin inhibitor 
α2-Macroglobulin 4  160   Protease inhibitor 
Plasminogen activator 
inhibitor type-1 

50 60 ng/ml 5-7 min Inhibitor of tPA and 
uPA 

Plasminogen activator 
inhibitor type-2 

70   Inhibitor of uPA and 
two-chain tPA 

C1-inhibitor 105   Inhibitor of “contact 
activation” 
components 

Histidine-rich 
glycoprotein 

75   Plasminogen 
binding 

Thrombin activated 
inhibitor of fibrinolysis 

49   Attenuation of fibrin 
cofactor activity 

 
important mediators of plasminogen activation. The tPA mediated pathway is 

primarily involved in the dissolution of blood clots within the vascular system. The 

uPA-mediated pathway is activated to provide fibrinolysis for events including cell 

migration, tissue remodeling and fibrosis formation. Outside of the vascular 

system inhibitors of the fibrinolytic system balance the action of fibrinolysis and 

include α2 antiplasmin, α2 macroglobulin, antithrombin III, α2 antitripsin, C2  

inactivators, plasminogen activator inhibitor 1 (PAI 1) and plasminogen activator 

inhibitor 2 (PAI 2).9, 19 

Fibrinolytic activity in the blood is mediated by plasma and cellular 

components. In people and dogs, the plasma fraction contributes approximately 

30% of the fibrinolytic activity.20 Urokinase, tPA and PAI-1 and PAI-2 are not 

detectable in plasma of healthy people.21 However, these enzymes are present in 

normal circulating monocytes.21  Mononuclear phagocytes express uPA, uPAR 
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and plasminogen activator inhibitor (PAI).22, 23 Neutrophils and platelets have 

high density of uPAR in their membrane. The urokinase receptors bind uPA and 

accelerate plasminogen activation and fibrinolysis.24-26 Cytokines such as 

interferon gamma and tumor necrosis factor stimulate plasminogen activator (PA) 

and PAI activity in monocytes.23   

 The plasma kinin-forming system consists of three plasma proteins that 

interact with certain negatively charged surfaces or macromolecular complexes. 

They participate in the contact phase of the intrinsic coagulation pathway to 

induce fibrinolysis. 9, 27-30  The three plasma proteins are high molecular weight 

kininogen (HK), coagulation factor XII (FXII), and prekallikrein.29 Factor XII 

activation is induced by several mechanisms. Collagen contact and negatively 

charged surface contact, HMWK (Fitzgerald factor) and Kallikrein (Fletcher 

factor). Plasmin itself also activates Factor XII leading to fibrinolytic amplification. 

9, 28 For optimal activation of Factor XII (Hageman factor) both HK and 

prekallikrein must be present to participate in the contact phase of the intrinsic 

coagulation pathway and help induce fibrinolysis. 9, 28 High molecular weight 

kininogen binds to uPAR on the endothelial cell surface.29, 31  Some investigators 

propose that high concentrations of these activators are in circulation for the 

purpose of fibrinolysis.32 Others propose that the circulating concentrations are 

low unless triggered by a thrombolytic event.9 

2.5 Tissue Plasminogen Activator 
 
Tissue plasminogen activator is one of the endogenous extrinsic plasminogen 

activators. Tissue plasminogen activator has a high affinity for fibrin 
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Figure 2.2 Fibrinolytic Cascade:  Blue arrows represent activation, red arrows represent 
inactivation 
 
and is of primary importance for the lysis of clots in the circulatory system.7 It is a 

serine protease with a molecular weight of approximately 70kDa. It is secreted as 

a single chain glycoprotein. The proform has some intrinsic activity; however, the 

two chain form (held by single disulfide bonds) that is produced after cleavage by 

plasmin is the most active form. 28 

Tissue plasminogen activator is produced by endothelial cells, human 

keratinocytes, melanocytes and neurons. It is also produced in numerous human 

neoplastic cell lines such as melanoma, neuroblastoma, ovarian, breast and 

pancreatic cancer.8-11, 13, 14, 16   Tissue plasminogen activator is most active within 

the vasculature and has a high affinity for fibrin or fibrin-bound plasminogen. 
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Tissue plasminogen activator has increased activity in the presence of fibrin 

which leads to localization of activity within a clot, enhanced fibrinolysis and 

improved binding of plasminogen to fibrin clots.33 This all ensures continuous 

plasminogen concentration during tPA-mediated thrombolysis. 9, 28 

Tissue plasminogen activator bound to plasminogen activator inhibitor is 

cleared from the circulation by hepatocytes endocytosis. This clearance is via 

endocytosis. There are no cell surface receptors identified for tPA. 9, 28 

2.6 Urokinase 
 

The fibrinolytic activity of urokinase was discovered decades ago upon the 

discovery that urine could dissolve blood clots.34 Urokinase is a chymotrypsin-like 

serine protease and is the second of two endogenous extrinsic plasminogen 

activators that are important in the conversion of circulating proenzyme 

plasminogen into the active serine protease plasmin in the extravascular 

tissues.7, 35 Urokinase promotes fibrinolysis by catalyzing the cleavage of 

plasminogen to plasmin.36  

Urokinase is a single-chain glycoprotein with a molecular weight of 53 

kDa.28 The chemical structure of uPA is complex. It is composed of three 

domains with 411 amino acids.37 The N-terminal domain (amino acids 9-45) or 

light chain (scuPA) has a growth factor domain. This is called the amino terminal 

fragment and is also known as CD87.38-40 This fragment is the region responsible 

for urokinase receptor binding.41 The kringle domain (amino acids 46-143) 

contains a sequence that interacts with PAI-1. Urokinase also binds to heparin by 

this domain.37 The C-terminal catalytic domain (amino acids 144-411) is the B-

chain or heavy chain.  It has a carboxyl-terminal region with a serine protease 
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domain.37 The two chains are linked by a peptide.  Together they form active uPA 

which is also called high molecular weight urokinase.28, 36  Both single and two-

chain forms of uPA bind to uPAR or low-density lipoprotein (LDL) receptors on 

cell surface membranes.37 The C-terminal domain binds to plasminogen leading 

to plasmin formation. 
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Figure 2.3 Urokinase and its cleavage products 

In the mouse and human uPA is produced by many cell types within the 

body but is produced in the greatest quantity by renal epithelial cells of the 

proximal and distal kidney tubules. 42-44 Urokinase is also synthesized in 

glomerular visceral epithelial cells44, 45 and is known to be excreted in mammalian 

urine.46-49 Urokinase is present in human urine in a 1:1 ratio with a uPA 

inhibitor.47 The role of uPA within the urinary tract may be to ensure patency of in 

the face of hemorrhage.49 Urokinase is also present  in the human prostate and 
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semen where it is believed to play a role in sperm motility and maturation, and in 

the urothelium of the bovine urinary bladder.10, 11, 46, 50   

2.7 Urokinase Receptor 
 

Urokinase receptor is a membrane bound protein that binds uPA localizing 

extracellular and basement membrane degradation that promotes cellular 

migration and invasion (figure 2.4).51 Urokinase receptor is a 55-60 kDa 

glycoprotein.52-54  Urokinase receptor is anchored to the plasma membrane of 

cells by a glycosylphosphatidylinositol (GPI) lipid moiety or a GPI tail.40, 51, 55, 56  

Urokinase receptor consists of three different domains: the uPA binding domain 1 

(D1), the connecting domain 2 (D2) and the cell anchoring domain 3 (D3).55  The 

presence of urokinase receptors (uPAR) located on cell surface membranes is 

important, but not essential, for the activity of uPA within the tissues.37  

Urokinase receptor binds both the inactive and active forms of uPA. 40 

Once bound, the inactive form of urokinase becomes activated. Bound active 

urokinase enzyme retains its enzymatic activity. These uPAR are upregulated in 

several neoplastic cell lines and in inflammatory processes on neutrophil 

membranes.26 Although uPAR is present in normal cells, upregulation leads to 

the detrimental effects which have linked urokinase to tumor invasion in breast 

cancer57 and inflammation. Urokinase-uPAR complexes on any cell surface have 

proteolytic, cell migratory, adhesive and chemotactic effects and uPA-uPAR 

participates in extravascular fibrinolysis.55 Extracellular matrix disruption occurs 

because uPAR has high affinity for the extra-cellular matrix protein vitronectin.37  

Urokinase receptor plays a role in invasion and migration of certain immune cells  

including natural killer (NK) cells.51  Increased concentrations of uPA and uPAR 
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Figure 7.5 Immunohistochemical staining of uPA in the ureter. Membrane staining is noted along 
the luminal surface of the cells in the transitional epithelium. The cytoplasm of all cells in the 
transitional epithelium is staining. Also staining are the inflammatory cells in the connective tissue 
of the ureter wall and vascular endothelial cells. 
 

 
 

Figure 7.6 Immunohistochemical staining of uPAR in the ureter. Granular membrane staining is 
noted along the luminal surface of the cells in the transitional epithelium. The cytoplasm of cells in 
the first two cells layer in the epithelium is staining. Also staining are the inflammatory cells in the 
connective tissue of the ureter wall 
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staining was noted in the deeper cells of the transitional epithelium. Inflammatory 

cells within the connective tissue of the ureter wall were stained (figure 7.6). 

7.4.5 Urokinase and Urinary Bladder 

 There was staining of the transitional epithelium on the urinary bladder in 

all dogs evaluated (appendix table 6). Staining was variable with some sections 

of the mucosa stained throughout all cell layers on the luminal membrane surface 

and within the cytoplasm. Other sections only showed staining on the surface 

layer or not at all. The sections which had staining appear invaginated and there 

was increased vacuolization of the cytoplasm. Other cells which stained positive 

were the smooth muscle cells and skeletal muscle cells, endothelial cells of 

vessels and inflammatory cells within the bladder wall. These cells all stained in 

the cytoplasm. Two of the urinary bladder sections showed inflammation 

consistent with chronic cystitis. These samples displayed intense urokinase 

staining along the mucosa in the same regions as the normal bladder (figure 7.7) 

7.4.6 Urokinase Receptor and Urinary Bladder 

 Granular staining was noted along the luminal surface membrane of the 

cells in the transitional epithelium in all dogs evaluated (appendix table 6). 

Granular cytoplasmic staining of the cells in the transitional epithelium was 

evident in some regions extending only to the first one to two layers of cells. 

Inflammatory cells within the wall stained consistently (figure 7.8). 

7.4.7 Urokinase and Prostate 

 Staining in the prostate was highly variable (appendix table 8). Male 1 

through 5 were intact, males 6 and 7 were castrated. Male 1 had a mature 
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. 
 

Figure 7.7 Immunohistochemical staining of uPA in the urinary bladder. Staining is noted in the 
cytoplasm of cells in the transitional epithelium in the invaginated section. These cells are also 
more vacuolated than the cells in the remaining regions. Staining is also noted along the surface 
membrane of the cells of the remaining mucosa. 
 

 

Figure 7.8 Immunohistochemical staining of uPAR within the urinary bladder. Intense granular 
staining is noted along the membrane of the luminal cells of the transitional epithelium. Granular 
cytoplasmic staining is noted within the first cell layer of the transitional epithelium and 
inflammatory cells in the urinary bladder wall. 
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prostate and showed variable light staining in the cytoplasm of the connective 

tissue cells of glandular epithelium but most glandular tissue did not stain. 

Epithelial cells lining the prostatic ducts did not stain. Inflammatory cells within 

the connective tissue of the prostate stained positive. Male 2 had a mature 

prostate with some evidence of hyperplasia. Some faint staining of the cytoplasm 

of glandular cells was noted but the majority of the glandular cells did not stain. 

The prostate of male 3 was mature and hyperplastic. Fixation of the tissue was 

not optimal but showed very weak staining of some glandular cells. Male 4 was a 

young dog and the prostate had very little acinar development. Urokinase 

staining was prominent in the regions of developing ducts in the epithelial cells 

lining the ducts. Staining was decreased but still present in comparable cells in 

more differentiated ducts. Staining was also visualized in inflammatory cells 

within the glandular connective tissue (figure 7.9).  Male 5 was a mature dog 

prostate sample with multiple hyperplastic and cystic regions. Epithelium within 

the ducts and the glandular epithelium of the cystic regions showed moderate to 

intense staining. Very weak to no staining was noted in the glandular cells of the 

hyperplastic regions. Male 6 had normal prostate tissue and no staining was 

noted in glands or ducts. Very light staining was noted in the cytoplasm of a few 

foamy prostatic cells. The prostate of Male 7 was hypoplastic or atrophied. 

Prostatic glandular epithelial tissue and apical cytoplasm of the epithelial cells 

within the ducts stained. Inflammatory cells in the connective tissue and vascular 

endothelium stained. Some staining was noted in the cytoplasm of epithelial cells 

lining primitive or poorly differentiated ducts.  
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Figure 7.9 Immunohistochemical staining of uPA in the prostate of Male 4. Epithelial cells along 
surrounding the duct show staining at the apical membrane and within the cytoplasm.  

7.4.8 Urokinase Receptor and Prostate 

 Most of the prostatic sections did not stain for urokinase receptor staining 

(appendix table 8). Inflammatory cells in the connective tissue stained well in all 

samples, acting as an internal control. Male 4 was intact and granular staining 

was visualized in the epithelial cells of the developing ducts at both the apical 

surface and the cytoplasm. Staining was also noted in the more mature ducts at 

the apical borders of the epithelial cells at the same intensity as the less mature 

ducts. Intense staining was evident in interstitial inflammatory cells (figure 7.10). 

Male 7 was neutered and the prostate appeared hypoplastic or atrophied 

suggesting castration had been performed at a young age or that the gland was 

involuting. Granular staining was noted in the apical region of epithelial cells 

lining primitive or poorly developed ducts. Inflammatory cells in the glandular 

connective tissue stained. 
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Figure 7.10 Immunohistochemical staining of uPAR in the prostate of Male 4. Intense staining is 
noted along the cell membranes and within the cytoplasm of the epithelial cells lining the 
developing acinar structures. 

7.4.9 Urokinase and Testicle 

 Cytoplasm in the cells in the testicle stained intensely in all samples 

throughout the interstitial cells and the seminiferous tubules, including all phases 

of spermatogonia (figure 7.11 and appendix table 9). 

 7.4.10 Urokinase Receptor and Testicle 

 Testicular cells did not to stain well for urokinase receptor. Very faint 

staining was noted in the cytoplasm of interstitial cells. The seminiferous tubules 

and the contained spermatogonia did not stain. Inflammatory cells in the 

connective tissue still stained (figure 7.12 and appendix table 9) 

7.4.11 Urokinase and Urethra 

 Transitional epithelium within the ureter showed consistent staining along 

the luminal border and within the cytoplasm of the cells extending all the way 
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Figure 7.11 Immunohistochemical staining uPA in the testicle. Intense staining in noted 
throughout the interstitial cells and the seminiferous tubules including all phases of 
spermatogonia. 
 

 
 

Figure 7.12 Immunohistochemical staining of uPAR in the testicle. Very faint staining of the 
cytoplasm of the interstitial cells is seen.  
 
 
through the mucosa in all dogs evaluated (appendix table 7). This staining was 

similar to the urinary bladder mucosa in those areas which appeared to have 
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increased numbers of cells with vacuolated cytoplasm and was invaginated. In 

other areas of the mucosa, the staining was more luminal and in some places no 

staining. Inflammatory cells in the connective tissue of the urethral wall stained 

well (figure 7.14) There was no difference in the transitional epithelium of the 

prostatic (figure 7.13) and penile urethra of male dogs. 

7.4.12 Urokinase Receptor and Ureter 

 The transitional epithelium of the ureter stained for urokinase receptor on 

the luminal surface of the cells and within the cytoplasm of the cells closest to the 

lumen (appendix table 7). The staining was granular. Inflammatory cells in the 

connective tissue of the urethral wall stained positive (figure 7.16) Cells of the 

transitional epithelium of the prostatic urethra (figure 7.15) stained more intensely 

than the cells of the transitional epithelium of the penile urethra in some sections. 

 
 

Figure 7.13 Immunohistochemical staining of uPA in the prostatic urethra. Staining is noted in the 
cytoplasm of cells in the transitional epithelium in the invaginated section. These cells are also 
more vacuolated than the cells in the remaining regions. Staining is also noted along the surface 
membrane of the cells of the remaining mucosa. 
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Figure 7.14 Immunohistochemical staining of uPA in the urethra. Staining is noted along the 
entire layer of luminal cells along the membrane and in the cytoplasm. Staining continues 
throughout the cell layers in the mucosa in some regions of the section examined. Cytoplasm of 
inflammatory cells and vascular endothelial cells stain positive. 
 

 
 

Figure 7.15 Immunohistochemical staining of uPAR in the prostatic urethra. 
Light staining is present along the outer membrane of the luminal transitional epithelium and 
within the cytoplasm of some epithelial cells in the upper corner of the invagination. Inflammatory 
cells in the urethral wall are staining intensely. 
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Figure 7.16 Immunohistochemical staining of uPAR in the urethra. Intense granular staining is 
noted along the membrane of the luminal cells of the transitional epithelium. Granular cytoplasmic 
staining is noted within the cell layers of the transitional epithelium and inflammatory cells in the 
urethral wall. 
 
7.5 Discussion 

Urokinase and urokinase receptor appear to be present in all tissues of 

the urinary tract of the dog. Urokinase receptor appears to be present in most 

tissues except the testicle.  

The kidney specimens evaluated in our study showed staining for 

urokinase in the epithelium of the renal tubules throughout the kidney and 

staining along the epithelial cells of the glomeruli in most specimens. Urokinase 

expression in the kidney is consistent with that reported in the literature for 

people, mice and rats. Immunohistochemistry cannot differentiate whether the 

antigen is present due to synthesis within the cells or because of binding to a 

receptor in or on the cell membrane. However, invitro and tissue studies of cells 

lines from human mesangial and tubule cells show that urokinase is synthesized 
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and secreted by glomerular visceral epithelial cells and kidney tubular epithelial 

cells.9-11 Given these findings in other mammalian species the urokinase in the 

renal tubules and glomeruli of the dog is likely synthesized there also. To verify 

this, cell culture studies would be required to document secretion of urokinase 

into the cell medium. 

Within the kidney urokinase staining was also visualized along the 

transitional epithelium of the renal pelvis. Staining was intense and throughout 

the cytoplasm of all cell layers. Presence of and fibrinolytic activity of urokinase 

has been documented in epithelial cells of the renal calyces.11, 12 Urokinase may 

be produced the transitional epithelial cells. This has been shown to be the case 

in bovine urothelium. 13 To my knowledge this has not been investigated in other 

species. Presence of urokinase in the tubular structures of the urinary tract is 

important to maintain patency of the urinary tract in face of hemorrhage and fibrin 

deposition. 

Urokinase receptor staining in the tissues of the kidney was limited to the 

basement membranes of renal tubular cells. Urokinase receptor staining is not 

noted in normal murine kidney samples. 14 This is consistent with findings from 

people in which urokinase receptor was not noted in the tubules of the kidneys 

from healthy people presenting as donors.15 In another study glomerular cells did 

not stain in healthy kidney samples.16 In the dog kidney studied, uPAR was 

present along the basement membrane. This could indicate that the canine 

kidney does produce uPAR and is different than human kidneys in healthy 

subjects. Many of the dogs in our study did have heartworm disease as evident 

by the identification of microfilaria in glomeruli. This may have resulted in mild 
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interstitial disease and upregulation of uPAR in these dogs. More samples would 

have to be evaluated from known heartworm negative dogs to answer this 

question. Based on this study we can only say that urokinase receptor is present 

in the kidney of dogs. The role of uPAR and sites of production cannot be 

determined without additional studies such as cell culture.  

Transitional epithelium in the renal pelvis showed positive urokinase 

receptor staining along the surface and within cytoplasm of luminal cells in the 

same regions as urokinase staining in the renal pelvis. This may indicate that at 

least some of the urokinase in this tissue is bound to urokinase receptor at the 

cell surface or that urokinase is produced in this tissue. 

The pattern of urokinase staining along the mucosal surfaces of the 

urinary tract was consistent between section and site. The ureter stained most 

intensely along the entire region of transitional epithelium available for 

examination on the slide preparations. Within the urinary bladder and the ureter 

the staining was more variable. These tissues stained but only in some regions. 

The regions more likely to stain were areas which appeared to be invaginated 

and the cytoplasm of the staining cells had increased vacuolization. Areas of the 

mucosa which had decreased staining often stained along the luminal surface 

edge and sometimes into the cytoplasm of the first layer of cells. The significance 

of this finding is unknown. The stained regions may be areas of urokinase 

binding to cells which are damaged or being renewed or these regions may be 

indicative of urokinase producing cells with the transitional epithelium. Bovine 

urothelium has been shown to produce urokinase in culture medium.13 
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Urokinase receptor showed a similar pattern of staining to urokinase. It 

differed in that its appearance was granular and the staining was limited to the 

luminal surface and the cytoplasm of the first one to two layers of cells. It did not 

extend to the inner most layers of the mucosa. This pattern could indicate that 

the urokinase is being produced and secreted by the deeper cells layers and 

then bound to the luminal layers. These layers are rapidly turned over in the 

urinary tract.  

The variability of urokinase expression within the prostate tissue is 

interesting. I do not believe that this series of samples adequately describes the 

presence of urokinase and urokinase receptor in this tissue type, as presence 

seems to depend greatly on stage of development within the prostate gland. It 

has been shown that urokinase production in rats is influenced by hormones.17-19 

In these rats, immunohistochemical evaluation found urokinase to be present in 

scattered cells at the surface of the epithelium facing the lumen of the glandular 

ducts. This staining increased in epithelium after castration suggesting a role for 

urokinase in the involution of the ventral prostate of the rat as well as in the 

normal turnover of prostate epithelium.19 Increased activity of plasminogen 

activators was noted with use of plasminogen activator assays in developing 

prostate tissue which decreased when development was complete.17 This is 

consistent with the role of urokinase and other plasminogen activators in tissue 

remodeling. This is supported by the findings of this study in which expression of 

urokinase and urokinase receptor appeared to be limited to only developing 

ductile tissue. More samples at set developmental stages would be required to 

adequately characterize the presence of urokinase within the prostate of the dog. 
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Urokinase receptor did not stain the majority of prostate sample evaluated. 

Male 4 was intact and staining was visualized in the epithelial cells of the 

developing ducts at both the apical surface and the cytoplasm. Staining was also 

noted in the more mature ducts at the apical borders of the epithelial cells at the 

same intensity as the less mature ducts. Male 7 was neutered but the prostate 

appeared hypoplastic or atrophied suggesting castration had been performed at 

a young age and maybe recently leading to involution. Granular staining was 

noted around primitive or poorly developed ducts in the apical region. Staining 

urokinase and urokinase receptor in the same regions leads to question of 

whether urokinase is produced in these tissues or bound to the cells. It is 

possible, given the abundance of urokinase within the other tissues of the urinary 

tract, that urokinase is truly bound at this site and not produced. Answering this 

question would require cell culture and measurement of products in the culture 

medium. Urokinase and urokinase receptor may contribute to tissue remodeling 

in the prostate of the dog. The importance of uPA and uPAR in development of 

the gland and involution after castration has been shown in rat models of 

prostate development.18, 20, 21 Urokinase and urokinase receptor are known to be 

important in tissue remodeling due to the ability of the uPA-uPAR complex to 

degrade basement membranes in inflammation and neoplasia.22 

Intense staining for uPA was seen in testicle sections. Seminiferous 

tubules and interstial cells all stained in the dog. This has been documented in 

the rhesus monkey and man.23, 24, 25 The role of urokinase in the testicle is 

believed to be in spermatogenesis and sperm motility. It has been suggested that 

infertility in some men may be due decreased levels of urokinase within the 
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testicle.25 The role of urokinase in the dog cannot be determined by 

immunohistochemistry. Urokinase receptor did not stain in the seminiferous 

tubules of the dog. Staining was very weak in the cytoplasm of the interstitial 

cells. Urokinase may be produced in the testicle is produced there and not 

bound. In vitro studies in cell culture would provide further information on exactly 

which cell types produce urokinase. 

The expectation that urokinase would be present in the canine urinary 

tract is extrapolated from evidence of its presence in people. Actual identification 

of urokinase in the canine urinary tract has not been previously performed. Cell 

types which stained positive for urokinase and urokinase receptor in the tissues 

from the dog are consistent with those described in both people, rats, monkeys 

and mice. This lends support to the results of the immunohistochemical staining.  

Currently there are no specific antibodies for canine urokinase. Use of an 

antibody from another species to identify uPA and uPAR poses problems when 

interpreting results. Use of antibodies which were successfully used in our 

immunoprecipitation and SDS PAGE/ Western Blot also helps to validate the use 

of these antibodies in the canine tissues and support the conclusions that uPA an 

uPAR are present in the urinary tract of the healthy dog.     

Selection of an antibody for identification of urokinase in the canine urinary 

tract required consideration of any documentation of cross species reactivity of 

that antibody. Different antigens have greater or less degree of species 

specificity than others. At least two investigations have used a mouse anti-human 

monoclonal antibody from American Diagnostica to successfully detect urokinase 

within bovine urothelium and rat mammary tissue.13, 26 A third investigation used 
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a polyclonal goat antihuman uPA antibody to demonstrate uPA in bovine 

endothelial cells.27 This cross species reactivity would suggest that at least some 

segment of the uPA protein structure is retained across some species and or 

results suggest this includes the dog. 
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Chapter 8 Conclusions 
 

Identification of proteins such as urokinase and urokinase receptor in a 

species without species specific antibodies provides numerous challenges. In 

veterinary medicine we must often rely on antibodies produced for human 

medical research and therefore our findings cannot always be conclusive and we 

are left stating that, as in this case, we have identified urokinase-like and 

urokinase receptor-like proteins and activity in the samples tested.  

Uses of multiple methods of detection which support the finding of each 

test help validate the use of uPA and uPAR antibodies directed against mouse 

and human proteins for detection of the homologous protein in dogs. SDS-

PAGE/Western Blot and immunoprecipitation all demonstrated antibody binding 

with uPA-like and uPAR-like protein at the accepted molecular weight for these 

proteins. Immunohistochemistry showed positive staining in tissues of the urinary 

tract from the dog in cells consistent with descriptions from other mammals 

including people, rats, mice and monkeys. The ELISA assay also detected 

presence of a uPA-like protein in concentrated urine samples. All of these 

immunological techniques were run with the same mouse anti-mouse 

monoclonal antibody from Innovative Research.  

The fluorescence assay and ELISA assay are promising methods to 

evaluate concentration of uPA in urine samples. They require more time and 

work to eliminate variability and improve the results. Whether or not they will 

provide information that may be useful in a clinical setting is not determined since 

recent literature has conflicted as to whether renal disease would result in 

increased or decreased release of uPA into the urine. These assays may be very 
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useful, however, in evaluating tissues in studies on wound healing and cancer 

growth and metastasis. 

This research has resulted in very strong evidence that urokinase and 

urokinase receptor are present in the urinary tract of the healthy dog. The 

physiologic, pathophysiologic and clinical roles of these proteins are yet to be 

determined.  
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APPENDIX: RAW DATA 
 
Table 1 Clinical Parameters for establishing health of dogs for urine collection 

Group N Case BUN Creatinine Phosphorus Urine Spec Grav PCV 
f 1 80735 12   1.019 44.3 
f 2 79737     47 
f 3 80810 9   1.037 33 
f 4 74708 20 1.2 4.5 1.049 50 
f 5 81588 15 0.7 4.5  45 
f 6 81020 25   1.015 43.8 
f 7 81038 8 0.8 3.2  50 
f 8 81833 20 0.7 4.9 1.038 40 
fs 1 62001 15 0.6 2.6  45.8 
fs 2 81144 9 0.8 4.5 1.027 36.5 
fs 3 81357 13 1 4.1 1.032 49 
fs 4 76045 17 0.9 3.9  45 
fs 5 81337 18 1.3 3.6 1.02 44.7 
fs 6 81375 16 0.9 3.5 1.044 44.6 
fs 7 81414 9 0.7 3.1 1.013 41.3 
fs 8 81441 17 0.9 7.9  36.4 
fs 9 81188 16 0.9 5.1 1.017 37.6 
fs 10 81496 22 0.7 5.1 1.027 49.6 
fs 11 76846 14 1 2.8 1.05 48.3 
fs 12 81517 11 0.8 2.7 1.048 34.6 
fs 13 81528 9 0.3 5 1.008 41.6 
m 1 81252 10   1.011 43.6 
m 2 67922 20 1.1 3.7 1.037 45 
m 3 80982 14   1.038 41 
m 4 81451 16 1.1 4.7 1.049 42 
m 5 81460 11 1 3.8 10.32 45 
m 6 81419 10 0.6 3.4 1.038 44 
m 7 81440 17   1.055 57 
m 8 81482 25 0.9 4.2  40 
m 9 54704 6 0.3 7.7 1.024 29 
m 10 81610 17 0.4 4.1  43 
m 11 81618 18 0.9 4.3 1.057 31 
m 12 81748 15 1 4.7 1.045 51 
m 13 81892 10 0.7 4.2 1.017 55 
m 14 81913 8 1.2 4.8 1.037 49 
m 15 81108 10   1.048 43 
m 16 81962 13 0.4 5.7 1.041 33 
mc 1 78717 17 1 4.1 1.01 46 
mc 2 72533 21 1 4.5 1.028 41 
mc 3 81360 16 0.7 3.1 1.025 44 
mc 4 81380 7 0.4 4 1.012 39 
mc 5 81356 22 1 4.3 1.035 41 
mc 6 78701 20 1.2 4.3  42 
mc 7 81445 14 1 2.6  48 
mc 8 78785 36 0.8 5.3 1.038 52 
mc 9 81494 9 0.9 4.5 1.028 46 
mc 10 81511 21 1.3 6.6 1.012 35 
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mc 11 48505 15 0.5 2.7 1.041 45 
mc 12 81635 7 0.5 2.8 1.029 38 
mc 13 81688 11 0.9 3.8 1.043 45 

 
Key: 
Groups  
 f = female intact 
 fs = female spayed 
 m = male intact 
 mc = male castrated 
N = Dog number 
Case – Louisiana State University veterinary Teaching Hospital and Clinic patient 
number 
BUN – blood urea nitrogen mg/dl 
Creatinine – mg/dl 
Phosphorus – mg/dl 
Urine SG – Urine specific gravity 
PCV – Packed cell volume % 
Total protein – g/dl 
 
Table 2 Fluorescence activity assay data 
Sample Pt # Creat Start 

Vol 
ml 

End 
Vol 
ul 

conc 
factor 

Fluoro 
1 

Fluoro 
2 

Fluoro 
3 

uPA Conc 
Fluoro 

M#1 81252 57 50 450 111.1111 28 12 30 0.182055
M#2 67922 234 12.9 400 32.25 18 0 11 0.075423
M#3 80982 103 45 410 109.7561 0 0 39 0.101431
M#4 81451 356 19 150 126.6667 13 10 0 0.059818
M#5 81460 410 13.5 225 60 0 0 0 0
M#6 81419 65 16.2 525 30.85714 0 0 0 0
M#7 81440 87 2 150 13.33333 14 12 3 0.075432
M#8 81482 89 48 350 137.1429 0 0 0 0
M#9 54704 213 6.5 200 32.5 22 25 43 0.234071
M#10 81610 150 4.5 150 30 0 0 0 0
M#11 81618 435 13.5 175 77.14286 0 0 0 0
M#12 81748 466 47 300 156.6667 1 0 0 0.002601
M#13 81892 109 45 300 150 0 0 0 0
M#14 81913 261 42 275 152.7273 25 35 49 0.283485
M#15 81108 514 5.5 225 24.44444 0 0 0 0
M#16 81962 127 11 160 68.75 0 0 0 0
F#1 80735 123 52 450 115.5556 0 0 0 0
F#2 79737 159 11 150 73.33333 0 40 43 0.215865
F#3 80810 176 17 150 113.3333 5 0 0 0.013004
F#4 74708 380 48 755 63.57616 0 12 15 0.070221
F#6 81588 223 10.5 175 60 16 5 5 0.06762
F#7 81020 95 30 275 109.0909 0 0 0 0
F#8 81038 415 49 475 103.1579 0 0 0 0
F#9 81833 393 50 450 111.1111 0 0 0 0
M/N#1 78717 86 56 725 77.24138 0 2 0 0.005202
M/N#2 72533 128 19 140 135.7143 1 0 0 0.002601
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M/N#3 81360 166 41 250 164 41 31 16 0.228869
M/N#4 81380 44 22 150 146.6667 37 33 10 0.208063
M/N#5 81356 213 42 450 93.33333 20 17 2 0.101431
M/N#6 78701 553 20 160 125 0 0 0 0
M/N#7 81445 621 50.5 300 168.3333 122 142 135 1.035112
M/N#8 78785 52 24 160 150 0 0 0 0
M/N#9 81494 213 32.5 175 185.7143 8 12 6 0.06762
M/N#10 81511 98 7.5 150 50 0 0 0 0
M/N#11 48505 134 36 450 80 36 22 34 0.239272
M/N#12 81635 27 29 275 105.4545 6 1 0 0.018205
M/N#13 81688 49 50 550 90.90909 0 0 2 0.005202
F/S#1 62001 192 13.5 175 77.14286 0 0 0 0
F/S#3 81144 218 50 350 142.8571 0 0 0 0
F/S#4 81357 152 21.5 275 78.18182 0 0 0 0
F/S#5 76045 228 4.5 150 30 0 0 0 0
F/S#6 81337 114 44 300 146.6667 0 5 6 0.028609
F/S#7 81375 179 3.5 125 28 0 0 0 0
F/S#8 81414 283 6.5 350 18.57143 0 0 0 0
F/S#9 81441 173 45 450 100 58 74 93 0.585176
F/S#10 81188 138 10.5 200 52.5 19 25 34 0.202861
F/S#11 81496 90 14 150 93.33333 0 0 0 0
F/S#12 76846 468 15.5 175 88.57143 5 6 11 0.057217
F/S#13 81517 427 32.7 675 48.44444 19 47 39 0.273082
F/S#14 81528 28 44 400 110 6 7 3 0.041613

 
 
Key: 
Groups  
 f = female intact 
 fs = female spayed 
 m = male intact 
 mc = male castrated 
Sample = Dog number 
Pt # – Louisiana State University Veterinary Teaching Hospital and Clinic patient 
number 
Creat – Urine creatinine mg/dl 
Fluoro 1, 2 and 3 – Values of Fluorescence readings for each sample corrected 
for background 
uPA concentration fluoro – Concentrations of uPA in each samples as compared 
to standard dilutions of uPA and a global fit standard curve extrapolated from the 
standard curves run with each plate. Values are in ng/ml  
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Figure 1 Sample Standard Curve for Fluorescence Data  
 
Table 3 ELISA assay data 

Grp N Case  Sample 
Cr 

mg/dl 
Start 

Vol ml
End 

Vol ul 
uPA  
ng/ml volcorr 

ng/mg 
Cr/ml ng/mg Cr/ul 

f 1 80735 1 123 52 450 32.693 0.28292019 0.02300164 23.0016417
f 1 80735 2 123 52 450 . . . . 
f 2 79737 1 159 11 150 . . . . 
f 2 79737 2 159 11 150 . . . . 
f 3 80810 1 176 17 150 22.634 0.19971176 0.01134726 11.3472594
f 3 80810 2 176 17 150 . . . . 
f 4 74708 1 380 48 755 19.4 0.30514583 0.00803015 8.03015351
f 4 74708 2 380 48 755 15.089 0.2373374 0.00624572 6.24572094
f 5 81588 1 223 10.5 175 8.622 0.1437 0.00644395 6.44394619
f 5 81588 2 223 10.5 175 -3.233 -0.0538833 -0.0024163 -2.416293 
f 6 81020 1 95 30 275 35.926 0.32932167 0.03466544 34.6654386
f 6 81020 2 95 30 275 . . . . 
f 7 81038 1 415 49 475 74.009 0.71743418 0.01728757 17.2875707
f 7 81038 2 415 49 475 85.146 0.8253949 0.01988903 19.8890337
f 8 81833 1 393 50 450 65.745 0.591705 0.01505611 15.0561069
f 8 81833 2 393 50 450 68.62 0.61758 0.0157145 15.7145038
fs 1 62001 1 192 13.5 175 35.926 0.46570741 0.02425559 24.2555941
fs 1 62001 2 192 13.5 175 . . . . 
fs 2 81144 1 218 50 350 34.849 0.243943 0.01119005 11.1900459
fs 2 81144 2 218 50 350 37.723 0.264061 0.01211289 12.1128899
fs 3 81357 1 152 21.5 275 8.982 0.11488605 0.00755829 7.55829253
fs 3 81357 2 152 21.5 275 12.215 0.15623837 0.01027884 10.2788403
fs 4 76045 1 228 4.5 150 26.226 0.8742 0.03834211 38.3421053
fs 4 76045 2 228 4.5 150 . . . . 
fs 5 81337 1 114 44 300 . . . . 
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fs 5 81337 2 114 44 300 . . . . 
fs 6 81375 1 179 3.5 125 51.375 1.83482143 0.10250399 102.50399 
fs 6 81375 2 179 3.5 125 . . . . 
fs 7 81414 1 283 6.5 350 27.304 1.47021538 0.05195107 51.9510737
fs 7 81414 2 283 6.5 350 34.13 1.83776923 0.06493884 64.9388421
fs 8 81441 1 173 45 450 39.519 0.39519 0.02284335 22.8433526
fs 8 81441 2 173 45 450 . . . . 
fs 9 81188 1 138 10.5 200 24.789 0.47217143 0.03421532 34.2153209
fs 9 81188 2 138 10.5 200 48.86 0.93066667 0.06743961 67.4396135
fs 10 81496 1 90 14 150 . . . . 
fs 10 81496 2 90 14 150 . . . . 
fs 11 76846 1 468 15.5 175 . . . . 
fs 11 76846 2 468 15.5 175 . . . . 
fs 12 81517 1 427 32.7 675 139.754 2.88483028 0.06756043 67.560428 
fs 12 81517 2 427 32.7 675 142.628 2.94415596 0.06894979 68.9497884
fs 13 81528 1 28 44 400 69.697 0.63360909 0.22628896 226.288961
fs 13 81528 2 28 44 400 65.027 0.59115455 0.21112662 211.126623
m 1 81252 1 57 50 450 10.419 0.093771 0.01645105 16.4510526
m 1 81252 2 57 50 450 20.837 0.187533 0.03290053 32.9005263
m 2 67922 1 234 12.9 400 67.542 2.09432558 0.08950109 89.5010932
m 2 67922 2 234 12.9 400 70.416 2.18344186 0.09330948 93.3094812
m 3 80982 1 103 45 410 20.119 0.18330644 0.01779674 17.7967422
m 3 80982 2 103 45 410 26.226 0.238948 0.02319883 23.198835 
m 4 81451 1 356 19 150 18.682 0.14748947 0.00414296 4.14296274
m 4 81451 2 356 19 150 . . . . 
m 5 81460 1 410 13.5 225 20.837 0.34728333 0.00847033 8.4703252 
m 5 81460 2 410 13.5 225 26.586 0.4431 0.01080732 10.8073171
m 6 81419 1 65 16.2 525 18.682 0.60543519 0.09314387 93.1438746
m 6 81419 2 65 16.2 525 77.601 2.51484722 0.38689957 386.899573
m 7 81440 1 87 2 150 26.226 1.96695 0.22608621 226.086207
m 7 81440 2 87 2 150 . . . . 
m 8 81482 1 89 48 350 . . . . 
m 8 81482 2 89 48 350 . . . . 
m 9 54704 1 213 6.5 200 . . . . 
m 9 54704 2 213 6.5 200 . . . . 
m 10 81610 1 150 4.5 150 16.526 0.55086667 0.03672444 36.7244444
m 10 81610 2 150 4.5 150 . . . . 
m 11 81618 1 435 13.5 175 68.979 0.89417222 0.02055568 20.5556833
m 11 81618 2 435 13.5 175 . . . . 
m 12 81748 1 466 47 300 26.945 0.17198936 0.00369076 3.69075883
m 12 81748 2 466 47 300 29.46 0.18804255 0.00403525 4.03524792
m 13 81892 1 109 45 300 12.215 0.08143333 0.00747095 7.47094801
m 13 81892 2 109 45 300 43.471 0.28980667 0.02658777 26.5877676
m 14 81913 1 261 42 275 . . . . 
m 14 81913 2 261 42 275 . . . . 
m 15 81108 1 514 5.5 225 61.705 2.52429545 0.04911081 49.1108065
m 15 81108 2 514 5.5 225 51.375 2.10170455 0.04088919 40.8891935
m 16 81962 1 127 11 160 . . . . 
m 16 81962 2 127 11 160 . . . . 
mc 1 78717 1 86 56 725 14.011 0.18139241 0.02109214 21.0921408
mc 1 78717 2 86 56 725 8.622 0.11162411 0.01297955 12.9795473
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mc 2 72533 1 128 19 140 1.437 0.01058842 0.00082722 0.82722039
mc 2 72533 2 128 19 140 -2.874 -0.0211768 -0.0016544 -1.6544408 
mc 3 81360 1 166 41 250 59.279 0.36145732 0.02177454 21.7745372
mc 3 81360 2 166 41 250 66.464 0.40526829 0.02441375 24.4137526
mc 4 81380 1 44 22 150 . . . . 
mc 4 81380 2 44 22 150 . . . . 
mc 5 81356 1 213 42 450 . . . . 
mc 5 81356 2 213 42 450 . . . . 
mc 6 78701 1 553 20 160 93.409 0.747272 0.01351306 13.5130561
mc 6 78701 2 553 20 160 . . . . 
mc 7 81445 1 621 50.5 300 66.823 0.39696832 0.0063924 6.39240446
mc 7 81445 2 621 50.5 300 86.583 0.51435446 0.00828268 8.28268044
mc 8 78785 1 52 24 160 . . . . 
mc 8 78785 2 52 24 160 . . . . 
mc 9 81494 1 213 32.5 175 . . . . 
mc 9 81494 2 213 32.5 175 . . . . 
mc 10 81511 1 98 7.5 150 36.645 0.7329 0.07478571 74.7857143
mc 10 81511 2 98 7.5 150 . . . . 
mc 11 48505 1 134 36 450 54.608 0.6826 0.0509403 50.9402985
mc 11 48505 2 134 36 450 63.949 0.7993625 0.05965392 59.6539179
mc 12 81635 1 27 29 275 10.419 0.09880086 0.03659291 36.5929119
mc 12 81635 2 27 29 275 10.778 0.10220517 0.03785377 37.8537676
mc 13 81688 1 49 50 550 38.441 0.422851 0.08629612 86.2961224
mc 13 81688 2 49 50 550 28.741 0.316151 0.06452061 64.5206122

 
Key: 
Groups  
 f = female intact 
 fs = female spayed 
 m = male intact 
 mc = male castrated 
N = Dog number  
Case – Louisiana State University veterinary Teaching Hospital and Clinic patient 
number 
Sample – denotes duplicate wells for samples, 1 or 2 
Cr mg/dl – Creatinine value for each urine sample 
Start Vol ml – Initial volume in milliliters of urine collected prior to filtration 
End Vol ul – Final volume of urine in microliters after filtration. 
uPA ng/ml – Concentration of uPA in each well in ng/ml 
volcorr – concentration factor for each urine sample based on  

start volume µl / end volume µl 
ng/mg Cr/ml – (concentration of uPA in each sample / creatinine mg/dl)  

corrected volume of urine  
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Figure 2 Standard Curve for ELISA assay 
 
Table 4 Immunohistochemistry results for uPA and uPAR in Kidney Sections 
 
Sample Urokinase Urokinase Receptor 
Male #1 
 
HWD 

Staining in all tubular 
epithelial cells, proximal 
smooth muscle in 
arteries, occasional 
plasma cell 

Staining in proximal and 
medullary tubules along 
basement membrane, 
along basilar edge of 
tubular epithelial cells, 
macrophages 

Male #2 Good staining in all 
tubular epithelium, slight 
staining in glomeruli, 
sectional staining in 
transitional epithelium 

Granular staining along 
the basement membrane, 
increased in medullary 
tubules. Intense in LOH 
and some collecting 
ducts. Staining 
throughout transitional 
epithelium on surface 
and in cytoplasm 

Male #3 Good staining in tubular 
epithelial cells, cortical 
and medullary. Positive 
staining along transitional 
epithelium. Some 
staining in glomeruli. 

Slight staining on surface 
of transitional epithelium. 
Light, granular staining 
along the basement 
membrane of all tubules. 
Small amt staining on 
apical membrane of the 
ureter. Glomeruli 
negative 

Male #4 Positive staining on Surface staining on 
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tubular epithelial cells. 
Diffuse pale staining of 
the glomeruli. Faint 
staining on the surface of 
the transitional epithelium

transitional epithelial 
membrane. Granular 
staining along the 
basement membrane of 
the medullary tubules 
and proximal tubules. 
Some staining n apical 
membrane of the 
proximal tubules 

Male #5 Diffuse cytoplasmic 
staining in the tubular 
cells. Glomeruli negative. 
Positive staining in 
plasma cells 

Faint staining along 
basement membranes in 
the tubules, some on 
apical membrane as well. 
Faint cytoplasmic 
staining in proximal 
tubules 

Male #6 Diffuse staining in the 
tubules. Medullary ray 
tubules staining more 
intently than proximal 
convoluted tubules. 
Transitional epithelium 
staining in sections along 
the surface. 

Granular basement 
membrane staining in 
proximal and medullary 
tubules.  

Male #7 Intense staining in the 
medullary and cortical 
tubules. More intense in 
medullary. Good 
variability in staining of 
the transitional 
epithelium. Slight staining 
in glomeruli 

Very slight staining of 
basement membranes of 
cortical tubules. Nice 
staining in medullary 
tubules. Negative 
glomeruli. Staining of 
transitional epithelium on 
surface and within 
cytoplasm of cells 

Female #1 Good staining of all 
tubular epithelial cells. A 
few medullary ray tubules 
staining brighter than 
proximal tubules. 
Transitional epithelium 
staining in alternating 
regions. 

Faint granular staining 
along basement 
membrane. Most 
prominent in medullar 
tubules and loops of 
henle and collecting 
ducts. Transitional 
epithelium showed 
staining along the 
surface. 

Female #2   
Female #3 Transitional staining 

inconsistently. Maybe 
positive in recesses of 

Very faint granular 
staining along tubular 
basement membrane. 
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pelvis and negative in the 
crest. Diffuse proximal 
and medullary epithelium. 
Faint glomerular staining. 
Diffuse interstitial staining 
in medulla 

Membrane associated 
surface staining on 
transitional epithelium   

Female #4 Good staining in tubular 
epithelial cells. Collecting 
ducts staining better than 
loop of henle. Glomeruli 
negative. 

Granular staining along 
the basement membrane 
of tubular cells. 

 
Key: 
Males 1,2,3,4 and 5 – intact males 
Males 6 and 7 – castrated males 
Females – intact females  
 
Table 5 Immunohistochemistry Results for uPA and uPAR in Ureter Sections 
Sample Urokinase Urokinase Receptor 
Male #1 Uniform positive staining 

of transitional epithelial 
cells on the surface and 
in the cytoplasm to the 
basal cell layers. 
Inflammatory cells 
stained positive 

Small amount of granular 
staining on the surface of 
the transitional cells and 
in the cytoplasm of the 
cells within the luminal 
region. Inflammatory cells 
stained positive 

Male #2   
Male #3 Uniform positive staining 

of transitional epithelial 
cells on the surface and 
in the cytoplasm to the 
basal cell layers. 
Inflammatory cells 
stained positive 

Mucosa not present on 
sample 

Male #4 Uniform positive staining 
of transitional epithelial 
cells on the surface and 
in the cytoplasm to the 
basal cell layers.  

Nice grainy staining all 
along the surface of the 
transitional epithelium 
and into the cytoplasm of 
the first 2 cell layers 

Male #5 Uniform positive staining 
of transitional epithelial 
cells on the surface and 
in the cytoplasm to the 
basal cell layers. 
Inflammatory cells 
stained positive 

Very slight granular 
staining of the cytoplasm 
of the superficial cell 
layer in the transitional 
epithelium. Resident 
inflammatory cells 
stained positive. 

Male #6 Uniform positive staining Small amount of granular 
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of transitional epithelial 
cells on the surface and 
in the cytoplasm to the 
basal cell layers. 

staining on the surface of 
the transitional cells and 
in the cytoplasm of the 
cells within the luminal 
region. Inflammatory cells 
stained positive 

Male #7 Uniform positive staining 
of transitional epithelial 
cells on the surface and 
in the cytoplasm to the 
basal cell layers. 

Very slight granular 
staining of the cytoplasm 
of the superficial cell 
layer in the transitional 
epithelium. Resident 
inflammatory cells 
stained positive. 

Female #1   
Female #2   
Female #3   
Female #4 Uniform positive staining 

of transitional epithelial 
cells on the surface and 
in the cytoplasm to the 
basal cell layers. 

Very slight granular 
staining of the cytoplasm 
of the superficial cell 
layer in the transitional 
epithelium. 

 
Key: 
Males 1,2,3,4 and 5 – intact males 
Males 6 and 7 – castrated males 
Females – intact females  
 
Table 6 Immunohistochemistry Results for uPA and uPAR in Urinary Bladder 
Sample Urokinase Urokinase Receptor 
Male #1 Weak staining on the 

surface of transitional 
epithelium. Resident 
inflammatory cells and 
muscle stained positive. 
Vascular endothelium 
stained weakly positive 

Very weak cytoplasmic 
staining in invaginations 
of transitional epithelium. 
Granular staining on 
surface of transitional 
epithelium. Inflammatory 
cells stained positive 

Male #2 
 
Cystitis 

Transitional epithelium 
stained intensely along 
the superficial surface 
with cytoplasm staining of 
deeper cells. 
Inflammatory cells 
stained positive. 

No mucosa on sample 

Male #3 
 
 

Good staining along 
sections of the 
transitional epithelium. 
Staining is throughout all 

Some staining on the 
apical surface of 
transitional epithelium. 
Some staining in 
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cells of the epithelium. 
Staining is variable in 
sections 

cytoplasm through outer 
layer of transitional 
epithelium 

Male #4 Good staining along 
sections of the 
transitional epithelium. 
Vacuolated cytoplasm in 
invaginated regions 
tended to stain 
throughout the cell 
layers. Surface staining 
was positive on 
remaining transitional 
epithelium.  

Granular staining on the 
surface and cytoplasmic 
staining for 1 to 2 cell 
layers within the 
transitional epithelium. 

Male #5 Basal layer of transitional 
epithelium stained 
positive. The overlying 
mucosa is missing from 
the sample. Smooth 
muscle is staining well 

No mucosa to evaluate 

Male #6 No mucosa to evaluate Granular staining on the 
surface and cytoplasmic 
staining for 1 to 2 cell 
layers within the 
transitional epithelium. 

Male #7 No mucosa to evaluate No mucosa to evaluate 
Female #1 Good staining along 

bladder mucosa again in 
variable sections. 
Staining is apical and 
cytoplasm stains better in 
invaginations where cell 
cytoplasm is vacuolated. 

Granular staining on the 
surface of the transitional 
epithelium. 

Female #2 No mucosa to evaluate No mucosa to evaluate 
Female #3 Good staining along 

bladder mucosa in 
variable sections. 
Staining is apical and 
cytoplasm stains better in 
invaginations where cell 
cytoplasm is vacuolated. 
Occasional inflammatory 
cell staining positive 

Granular staining on the 
surface of the transitional 
epithelium. Granularity 
noted around vacuole or 
cell membranes at the 
surface of the transitional 
epithelium 

Female #4 
 
Mild inflammation 

Transitional epithelium 
consistently stained well 
on the surface and within 
the cytoplasm. 

No mucosa to evaluate 
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Occasional regions 
without staining. Positive 
staining in inflammatory 
cells, smooth muscle and 
vascular endothelium. 

 
Key: 
Males 1,2,3,4 and 5 – intact males 
Males 6 and 7 – castrated males 
Females – intact females  
 
Table 7 Immunohistochemistry Results for uPA and uPAR in Urethra 
Sample Urokinase Urokinase Receptor 
Male #1 
 
Prostatic urethra 

Positive staining on the 
surface of the transitional 
epithelium, better in 
crypts and invaginations. 
Prostatic epithelial cells 
near the ureter stain well. 

Concentration of granular 
staining in the superficial 
surface and cytoplasm of 
cells of the transitional 
epithelium. 

Male #2 Poor sample, mucosa 
sloughed 

Poor sample, mucosa 
sloughed 

Male #3 Very intense cytoplasmic 
staining along sections of 
the transitional epithelium 
to sections with no 
staining except for along 
the luminal surface of the 
cells. 

 

Male #4 Very intense cytoplasmic 
staining along sections of 
the transitional epithelium 
to sections with no 
staining except for along 
the luminal surface of the 
cells. Positive staining of 
inflammatory cells, 
vascular endothelial cells 
and some fibroblasts 

Concentration of granular 
staining in the superficial 
cells of the transitional 
epithelium. 

Male #5 Diffuse staining of the 
transitional epithelium 
from the surface 
throughout the cytoplasm 
of the entire layer. 

Intense granular staining 
in the superficial cells of 
the transitional 
epithelium, extending into 
the cytoplasm of the 
luminal cell layers. 

Male #6 Diffuse light staining of 
the transitional epithelium 
from the surface 

Slight granular staining in 
the superficial cells of the 
transitional epithelium, 
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throughout the cytoplasm 
of the entire layer. 

extending into the 
cytoplasm of the luminal 
cell layers. Some 
inflammatory cells 
staining positive 

Male #7 Very intense cytoplasmic 
staining along sections of 
the transitional epithelium 
to one section with no 
staining except for along 
the luminal surface of the 
cells. 

Moderate granular 
staining in the superficial 
cells of the prostatic 
urethral transitional 
epithelium, extending into 
the cytoplasm of the 
luminal cell layers. 
Inflammatory cells 
staining intensely 
positive. Penile urethra 
showed granular staining 
along the surface of the 
transitional epithelium but 
not within the cytoplasm 

Female #1 Muscle and endothelial 
cells stained well,  no 
lumen in the tissue 
sample 

 

Female #2 Good staining of the 
transitional epithelium on 
surface and within the 
cytoplasm. Most regions 
are stained with 
occasional areas 
unstained through the 
cytoplasm. Smoot 
muscle, skeletal muscle, 
fibroblasts and vascular 
endothelial cells are 
staining. 

Concentration of granular 
staining in the superficial 
surface and cytoplasm of 
cells of the transitional 
epithelium. 

Female #3 No lumen in section No lumen in section 
Female #4 Surface and cytoplasmic 

staining along sections of 
the transitional epithelium 
to one section with no 
staining except for along 
the luminal surface of the 
cells 

 

 
Key: 
Males 1,2,3,4 and 5 – intact males 
Males 6 and 7 – castrated males 
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Females – intact females  
 
Table 8 Immunohistochemistry Results for uPA and uPAR in Prostate 
Sample Urokinase Urokinase Receptor 
Male #1 
 
Normal, mature 

Variable and light 
staining of the glandular 
epithelium, most of the 
glandular tissue is not 
staining. Light to 
intermediate staining of 
the muscle. Ducts are not 
staining 

No staining in the 
glandular epithelium. 
Slight staining in the 
ductular epithelium which 
may be transitional 
epithelium of the prostatic 
urethra.  

Male #2 
 
Mature, hyperplastic 

Glandular cells are 
negative. 

Glandular cells are 
negative. Positive 
staining of inflammatory 
cells. 

Male #3 
 
Mature, hyperplastic, 
poor tissue fixation 

Inflammatory cells 
staining well. 

 

Male #4 
 
Juvenile 

Not much acinar 
development. Very 
positive staining in 
developing ducts. 
Staining still present but 
slightly less intense in 
more differentiated ducts. 
Positive staining of 
inflammatory cells, 
smooth muscle cells and 
vascular endothelium. 
Prostatic urothelium 
stained in sections, more 
prominent in the folds.  

Not much acinar 
development. Granular 
staining of the epithelial 
cells of the developing 
ducts and more 
differentiated ducts, 
apical and cytoplasmic. 
Intensity of the staining 
appeared equal. Prostatic 
urothelium showed 
granular staining along 
the surface with some 
cytoplasmic staining in 
the superficial cells. 
Inflammatory cells 
stained brightly 

Male #5 
 
Mature, cystic 
hyperplasia and atrophy 

Prostatic ducts are 
staining well. Very weak 
to no staining of the 
glandular epithelium. 
Increased staining of the 
cystic glandular 
epithelium. Positive 
staining of skeletal 
muscle.  

 

Male #6 
 

No staining of glands or 
ducts. 

No staining on glands or 
ducts. Inflammatory cells 
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Mature are staining positive 
Male #7 
 
Hypoplastic or atrophied 

Positive staining of 
prostatic epithelial tissue 
and ducts, concentrated 
in the apical cytoplasm. 
Positive staining of 
inflammatory cells, 
vascular endothelial cells 
and transitional 
epithelium (in varied 
sections) 

Small amount of positive 
staining around primitive 
or poorly developed 
ducts. Small amount of 
staining on prostatic 
urothelium. Inflammatory 
cells stained positive. 
 

 
Key: 
Males 1,2,3,4 and 5 – intact males 
Males 6 and 7 – castrated males 
 
Table 9 Immunohistochemistry Results for uPA and uPAR in Testicle 
Sample Urokinase Urokinase Receptor 
Male #1 Good staining in 

seminiferous tubules and 
interstitial cells 

Small amount of granular 
cytoplasmic staining in 
some interstitial cells and 
faint staining in 
contractile myoid cells. 
Seminiferous tubules 
negative 

Male #2 Good staining in 
seminiferous tubules and 
interstitial cells. Faint 
staining in vessel walls. 

Small amount of granular 
cytoplasmic staining in 
some interstitial cells and 
faint staining in 
contractile myoid cells. 
Seminiferous tubules 
negative 

Male #3 Good staining in 
seminiferous tubules and 
interstitial cells. Staining 
not as intense 

Small amount of granular 
cytoplasmic staining in 
some interstitial cells and 
faint staining in 
contractile myoid cells. 
Seminiferous tubules 
negative 

Male #4 Good staining in 
seminiferous tubules and 
interstitial cells. Faint 
staining in vessel walls. 
Tunic present and not 
staining 

Questionable staining in 
interstitial cells. 

Male #5 Intense staining in 
interstitial cells (leydig 

Very mild staining in 
interstitial cells. 
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cells). Staining in 
seminiferous tubules, 
maybe Sertoli cells. 

Seminiferous tubules 
negative. 
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