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Objective
The objective of this agreement was to evaluate whether cattle lacking the prion protein (PrP knockout cattle) are resistant to prion diseases.
Materials and methods

In vivo studies were conducted to evaluate the resistance of PrP knockout cattle to transmissible mink encephalopathy (TME), a prion disease with many similarities to bovine spongiform encephalopathy.  Knockout (n=5) and matched control (wild type; n=5) cattle were inoculated with inoculum derived from brain material from cattle that were clinically affected with TME.  All inoculations were by the intracerebral route.  Inoculum was composed of 1 ml of a 10% brain homogenate in sterile buffer solution.  Sham inoculations (inoculation with material derived from an animal free of TME) were performed on 5 additional cattle (2 knockout, 3 wild type). 

These cattle were housed in biocontainment facilities for the duration of the experiment.  Necropsies were conducted if an animal had clinical signs indicative of TME infection or at the end of the experiment (approximately 4 years post-inoculation). Animal and brain weights were recorded.  Tissues were collected and prepared for analysis by immunohistochemistry (IHC) and western blot (WB). During the course of the experiment, additional control animals (non-inoculated wild type and knockout) not raised at the National Animal Disease Center (NADC) were examined.  These additional necropsies were performed in March 2006 (2), April 2006 (2) and December 2009 (1).

Animals were euthanatized with pentobarbital and a complete necropsy was conducted on each carcass. Representative samples of nasal mucosa, lung, liver, kidney, spleen, salivary gland, thyroid gland, reticulum, rumen, omasum, abomasum, intestines (ileum, colon), adrenal gland, pancreas, urinary bladder, lymph nodes (retropharyngeal, prescapular, mesenteric, popliteal), tonsils (pharyngeal, palatine), striated muscles (heart, tongue, masseter, diaphragm, psoas major, biceps femoris, triceps), eye, sciatic nerve, trigeminal ganglion, pituitary gland, and spinal cord were immersion fixed in 10% neutral buffered formalin. The brain was cut longitudinally and one half was fixed in formalin for not less than 3 weeks and the remainder of the brain was frozen. The formalin-fixed brain was cut into 2–4-mm-wide coronal sections. Sections of various anatomic sites (a minimum of five brain sections per animal) of rostral cerebrum (frontal lobe), hippocampus, midbrain (at the level of superior colliculus) cerebellum, and brain stem (at the level of obex), and spinal cord were processed for routine histopathology, embedded in paraffin wax, and sectioned at 5 µm.  All sections were stained with hematoxylin and eosin (HE), and by an IHC method using a monoclonal antibody, F99/97.6.22.2 As this antibody recognizes prion protein that has adopted either normal or abnormal conformation, a technique utilizing hydrated autoclaving is used to assure only the PrPSc form is recognized.  Detailed examination of various nuclei (cuneate, spinal vestibular, solitary tract, dorsal motor vagus, hypoglossal, and olivary) was done on HE-stained hemisection of brain stem for lesions of SE (Table 1).  For immunodetection of the abnormal form of the prion protein (PrPSc), a WB method using monoclonal antibody 6H4 (Prionics AG, Schlieren, Switzerland) was used on frozen brain from two distinct areas (medulla and midbrain).  This technique utilizes proteinase K digestion, so only protease resistant forms of PrP are identified.  Animals were considered positive when the three isoforms of PrPSc were detected on the immunoblot (see Fig 1). Negative results were confirmed after repeating the procedure using an enrichment technique that utilizes centrifugation.  Whereas a standard western blot sample contains one mg equivalent of tissue (10 µl of 10% brain homogenate (100 mg tissue in 1000 µl total) is loaded per well, i.e. 1 mg of tissue), larger volumes of brain homogenate can be reconstituted in smaller volumes of buffer after centrifugation resulting in a more concentrated or “enriched” sample.  In this case, samples containing 3 times (3 mg equivalents, TME positive control) and 70 times (70 mg equivalents, TME-inoculated PrP knockout cattle) the amount of starting material for a standard western blot were processed.  All blots included PrPSc-positive (from TME inoculate wild type cattle) and negative control tissues (from sham inoculated cattle) for comparison purposes

results

All TME inoculated wild type cattle progressed to clinical disease from 504 to 578 days post-inoculation (PI) (see Table 1).  Clinical signs included lethargy, decrease body condition score (bcs), and arching of the back.  Clinical examination during the clinical stage revealed increased menace response (reaction to light or sound), locomotion abnormalities, and other mild alterations in skin sensitivity. Necropsies were done when clinical signs of TME were advanced.

Neither sham inoculated controls nor inoculated knockout cattle demonstrated clinical signs consistent with TME at any point during the study.  Necropsies were done at a time appropriate for comparison to wild type cattle with TME or at the end of the study (approximately 4 years).

All brain samples tested from TME-inoculated wild type cattle demonstrated spongiform change on microscopic analysis of hematoxylin and eosin (HE) stained slides (data not shown) and were immunoreactive by WB (see Fig. 1) and IHC (See Fig. 2).  Further, samples positive by IHC includes all sections of brain and spinal cord examined, retina, and pars nervosa (pituitary gland).  No non-CNS tissues exhibited immunoreactivity by IHC. In contrast, no tissues examined from any of the TME-inoculated knockout cattle were immunoreactive by WB or IHC and microscopic examination of HE stained brain tissues did not reveal spongiform change.
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Figure 1.  Western blots were positive for PrPSc in wild type, but not PrP knockout cattle.  The sample from steer 52AA in the 7th well demonstrates the classic 3-band pattern of abnormal protein associated with TME (3 mg equivalents/well).  All samples tested from PrP knockout cattle were devoid of immunoreactivity (wells 2-6, enriched to 70 mg equivalents per well).
Table 1






Route of
Survival
clinical
Brainstem
Immunohistochemistry (PrPSc)


#
eartag
histopath
Genotype
Inoculation
period*
signs
Histopath (SE)
WB
Brainstem
cerebellum
cerebrum
retina


1
52T
07–490
WT
IC TME
504
+
+
+
+
+
+
+


2
52S
07–491
WT
IC TME
505
+
+
+
+
+
+
+


3
52V
07–492
WT
IC TME
506
+
+
+
+
+
+
+


4
52AA
07–942
WT
IC TME 
578
+
+
+
+
+
+
+


5
52Y
07–944
WT
IC TME
588
+
+
+
+
+
+
+


7
361
07–1775
KO
IC TME 
689
–
–
–
–
–
–
–


8
362
07–1776
KO
IC TME
689
–
–
–
–
–
–
–


9
52X
07–2206
WT
IC sham 
720
–
–
–
–
–
–
–


10
357
08–741
KO
IC sham
920
–
–
–
–
–
–
–


11
360
09–1417
KO 
IC TME 
1431
–
–
–
–
–
–
–


12
363
09–1632
 KO
IC TME
1439
–
–
–
–
–
–
–


13
364
09–1633
KO
IC TME
1442
–
–
–
–
–
–
–


14
365
09-1416
KO
 IC sham
1420
–
–
–
–
–
–
–


15
352
09–1415
KO
NA
NA
–
–
–
–
–
–
–


14
52U
09–1414
WT
IC sham
1413
–
–
–
–
–
–
–

______________________________________________________________________________________________________________________
*post–inoculation time in days; SE = spongiform encephalopathy; WB = PrPSc Western blot; NA = not applicable.
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Figure 2.  Wild type cattle, but not PrP knockout cattle demonstrate immunoreactivity after inoculation with TME.  Sections of cerebrum, brainstem at the level of the obex, and retina are demonstrated for knockout (left column) and wild type cattle (right column). Cerebrum from knockout cattle is devoid of immunoreactivity for PrPSc (A; similar to sham inoculated- data not shown), but cerebrum from wild type cattle is strongly immunoreactive (B, positive staining is red).  Similarly, sections of brainstem (C) and retina (E) of knockout cattle were not immunoreactive, whereas corresponding sections from wild type cattle (D, F) were strongly positive.  
discussion


Results obtained from wild type cattle inoculated with TME were similar to those obtained in previous studies at the National Animal Disease Center.1 Clinical signs were apparent in approximately 14-15 months.  Animals with clinical signs had spongiform encephalopathy when HE sections were examined, and both WB and IHC demonstrated abnormal prion.  In contrast to this were sham inoculated and TME inoculated PrP knockout cattle, which did not have clinical signs, lesions of spongiform encephalopathy, or demonstrable abnormal prion protein by available methods of detection.  This evidence supports the conclusion that PrP knockout cattle are not susceptible to TME by intracranial inoculation, the most potent method of exposure to abnormal prion material.


IHC and WB are commonly used tests for the diagnosis of spongiform encephalopathy.  However, the lowest limits of detection when using these techniques are not clearly defined.  In some instances, it is possible to demonstrate infectivity in tissues that were not positive by WB or IHC by using the mouse bioassay.  The mouse bioassay tests for infectivity of tissues by inoculating susceptible mice by the intracranial route.  The mice are assessed for clinical signs and tissues are examined by IHC and WB at the end of the experiment.  Brain homogenates derived from inoculated PrP knockout cattle were generated to inoculate mice expressing cattle prion protein.  At 9-months post-inoculation, there have been no mice with neurologic signs or any positive indication of prion disease.  In this bioassay, mice inoculated with brain material from wild-type cattle with clinical signs had clinical signs and positive WB results at about 10 months post-inoculation.  This study will continue until the remaining inoculated mice are at least 700 days post-inoculation (Dec. 2011).  However, it seems unlikely that any residual infectivity will be detected by the mouse bioassay.  Lack of demonstrable infectivity by the mouse bioassay would further strengthen the conclusion that PrP knockout cattle are not susceptible to TME.
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