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Background 

All transmissible spongiform encephalopathies (TSEs) are characterized by the accumulation of a 
pathogenic, partially protease-resistant isoform (PrPSc) of a normal host-coded glycoprotein (PrPC) of 
unknown function. PrPSc has been shown to correlate with infectivity and therefore serves as a 
marker for TSEs. Although the most sensitive method of TSE detection is the bioassay, the diagnosis 
of TSEs is usually accomplished by histopathology and PrPSc detection using several immunological 
techniques. The usefulness of these immunological assays depend on the availability of specific 
reagents, i.e., antibodies. Recently, a method to amplify the levels of PrPSc has been reported 
(Saborio et al., 2001). In addition, a protease-resistant isoform of PrPSc, termed UPrPSc, has been 
detected in the urine of scrapie-infected hamsters, bovine spongiform encephalopathy (BSE)-
infected cattle and Creutzfeldt-Jakob disease (CJD)-infected patients (Shaked et al., 2001). 
Therefore, UPrPSc, if detectable in CSD-affected animals, would serve as an ideal marker for an ante-
mortem test. Since it is not known if UPrPSc exists in the urine of CSD-affected animals, or at what 
levels, protein misfolding cyclic amplification (PMCA) (Saborio et al., 2001) is a novel technique that 
will be useful to explore as a method to increase the yields of protein prior to the immunological 
assays used for its detection.   

The stated objectives for this work were: Continued purification of PrPSc from chronic wasting disease 
(CWD) central nervous system (CNS) tissue. Continued immunization of PrP knockout mice for MAb 
production. Initiate generation and characterization of MAbs. 

Methodology 

Immunization of mice. Approximately 50 μg of antigen is prepared for injection by emulsification with 
CytRx (G-5 Titermax Gold, Titermax USA, Inc.). PrP0/0 mice are immunized every three weeks by 
subcutaneous and intramuscular injections for a total of nine weeks. At one week after the final 
boost, the mice are eye-bled and the antisera are tested for reactivity against the antigen by ELISA. 
Highly reactive mice are selected for fusions. For five days just prior to fusion, the selected previously 
immunized PrP0/0 mice are boosted each day with the respective antigen used for immunization 
suspended in PBS (0.2 mL per mouse) (without CytRx). 
 
Myeloma cells. SP2/0 myeloma cells are grown in the presence of 132 μM 8-azaguanine (Sigma 
Chemical Co., St. Louis, MO) for one week and then expanded for one week in DMEM media without 
8-azaguanine. Usually 1 X 108 cells myeloma cells are prepared per fusion.  
 
One day before the fusion, macrophages are obtained from CD-1 mice by injection of 0.34 M sucrose 
into the peritoneal cavity of each mouse and extraction of a cell suspension. The cell 
suspension is diluted with an equal volume of DMEM media and pelleted in a swinging 
bucket rotor at 200 X g for 5 minutes at 4°C. Ortho-mune lysing reagent (Ortho Clinical 
Diagnostics) is added to the resulting pellet to lyse red blood cells. Cells are washed once 
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with DMEM media and final pellet is suspended in DMEM media containing 1% HAT (GIBCO) at a 
concentration of about 2 X 105cells per mL. One hundred microliters of this suspension is then 
plated into fourteen 96-well plates.   
 
Spleens from immunized mice are removed and forced through a metal mesh screen (mesh size 50) 
with base medium containing 2X Penicillin/Streptomycin (Pen/Strep) (8 mg/mL). The suspension is 
centrifuge at 400 x g for 5 min. at 4°C and the supernatant discarded. The pellet is suspended in 10 
mL cold Ortho-mune lysing reagent, incubated for 10 min at room temperature and centrifuged as 
above (400 x g, 5 min, 4°C). 
 
Washed spleen-derived lymphocytes and SP2/0-Ag14 myeloma cells are mixed and resuspended at 
a 1:10 ratio and incubated in with pre-warmed (37°C) PEG 3,000-3,700/5% DMSO solution 
according to the following schedule: over first minute add 1 mL PEG/DMSO while gently mixing; 
Centrifuge at 100 x g, room temp., 2 mins; over the next 3 min., add 4.5 mL RPMI 1640 base while 
gently mixing; over next 2 min. add 5 mL RPMI 1640 base while gently mixing. Add an additional 10 
mL of RPMI 1640 base, centrifuge at 100 x g for 5 min and discard supernatant. Resuspend pellet in 
SP2/0=Ag14 conditioned media containing 10% Origen (Fisher Scientific) and 1% HAT and plate into 
96-well plates which contain the peritoneal macrophages. The cells are incubated at 37°C in 5% 
CO2-95% air.  
 
Monitor cultures with an inverted microscope and note the location of actively growing clones. When 
clones are 25%-50% confluent, test for reactivity to the immunogen by ELISA. ELISA results are 
expressed as optical density readings with 3,000 being the maximum limit of the ELISA reader.  
 
PMCA. Prepare a 5% normal brain homogenate and 263K brain homogenate with PMCA buffer 
(phosphate buffered saline containing complete cocktail (Boehringer Mannheim) at 1X final 
concentration. Further dilute the 263K brain homogenate 1:500 using the normal brain homogenate 
as the diluent. The samples were divided into 3 500 μL aliquots: one frozen immediately (-80°C), 
one incubated at 37°C without sonication, and one processed by PMCA (cycles of incubation and 
sonication).   
 
For PMCA, a 500μL mixture of brain homogenate is first incubated at 37°C for 1 hour. It is then 
subjected to PMCA in which a single cycle consists of sonication (TSX-600 probe sonicator (Tekmar 
Co.) with a 3mm microprobe, power setting fixed at 40%, 10 pulses/second, cycle/second), for one 
second (10 pulses/second) and incubation at 37°C for 1 hour. This cycling is then repeated multiple 
times. Following PMCA, the samples are then treated with proteinase K (0.08 μg/mL for 1 hour at 
37°C), followed by the addition of phenylmethylsulfonyl fluoride. Samples are then analyzed by 
western blotting using 15% SDS-PAGE gels. 
 
Findings 
 
Since the immunodiagnosis of prion diseases depends on the availability of anti-PrP antibodies (Abs) 
(Kascsak et al., 1993; 1997), a large repertoire of these reagents will lead to the development of 
more sensitive and specific immunoassays. Monoclonal antibodies (MAbs) against PrP are 
continually being generated using both wild-type PrP-containing (PrP+/+), as well as, PrP0/0 mice. 
Since PrPC is a well-conserved protein among mammals, the immune response generated by PrP+/+ 
mice is limited to only those epitopes seen as non-self (Bodemer, 1999; Rubenstein et al., 1999). 
This limitation does not exist with PrP0/0 mice (Bueler et al., 1992; Prusiner et al., 1993). 
However, upon fusion of the lymphocytes from the immunized animals with PrP- containing 
murine myeloma cells, the ability to isolate hybridomas secreting anti-PrP Abs has met with 
limited success. Some investigators failed to establish stable hybridomas that secreted anti-
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PrP MAbs because those cells either stopped secreting Abs or died within a short time after 
successful fusions (Rubenstein et al., 1999; Williamson et al., 1996). Hybridomas secreting PrP-
specific Abs were viable for only a relatively short time (Rubenstein et al., 1999; Williamson et al., 
1996). Therefore, finding a cell line expressing low levels of PrPC would likely be a very useful 
immunological tool for the further generation of MAbs to PrP. We have used the myeloma cell line, 
SP2/0-Ag14 for our studies. This cell line has been shown to express very low levels of PrPC (Kim et 
al., 2003) and has proved to be useful as a fusion partner in our studies.  
 
Eight PrP0/0 mice were immunized at various times with formic acid-extracted PrPSc isolated from 
CWD frozen brain tissue. Surprisingly, all the immunized mice did not generate an immune response 
to the immunogen and those that did were varied (Tables 1 and 2) in the reactivity of their antisera. 
Based on the immunogenicity of the antisera, four of the eight mice were selected for MAb 
production. Fusions were performed for the generation of hybridomas as described above utilizing 
the SP2/0-Ag14 cell line. Although hybridomas were generated, none of the clones were secreting 
antibody as determined by ELISA (Table 3). Additional studies were being planned to continue this 
work utilizing a variety of immunogens and novel techniques for increasing the immune response of 
the animals.  
 
PMCA could prove to be a very powerful tool for the detection of PrPSc in samples which contain low 
levels of the protein. However, laboratories which have tried to repeat the PMCA experiments have 
either failed to do so or have achieved much lower levels of amplification than expected. As part of 
our initial funding, we investigated whether PMCA is possible with the hamster-adapted 263K 
scrapie strain. We then proceeded to perform some preliminary studies with the CWD agent. Using 
the 263K scrapie strain, the western blot data indicated that the PrP signal was amplified following 
PMCA when fresh normal brain homogenate was used as the source of PrPC (Fig. 1, lanes 4 and 10) 
as compared to normal brain homogenate which had been stored at -20°C before use (Fig. 1, lane 
7-9). In addition, the sample which had been incubated but not sonicated showed some increase 
(Fig. 1, lanes 5 and 11) compared to the starting sample prior to amplification (Fig. 1, lanes 6 and 
12) but much less than the sample which underwent PMCA (Fig. 1, lanes 4 vs. 5 and 10 vs. 11). 
Furthermore, the level of amplification was directly dependent on the number of 
incubation/sonication cycles (Fig. 1, lanes 4 and 10).  
 
We then examined the influence of diluting the normal brain homogenate on PMCA. Diluting the 
normal brain homogenate should reduce the amount of PrPC that is available for the conversion of 
PK-resistant PrPSc. As seen in figure 2, PMCA using a 1:500 dilution of normal hamster brain 
homogenate (lane 6) resulted in dramatically less PrPSc when compared to a 1:10 dilution of the 
same starting material (lane 3). 
 
We next examined whether PMCA could be used with CWD-infected and uninfected tissue from 
white-tailed deer. The experiments were carried out using the same set of conditions as described 
above for 263K: samples that were immediately frozen, samples that were incubated without 
sonication and samples which were subjected to PMCA (sonication and incubation).Similarly to the 
263K tissue, the highest levels of PrPSc amplification was observed in the samples that were 
sonicated and incubated (10 cycles). The samples which were incubated without sonication showed 
less amplification and frozen samples showed no amplification as expected (Fig. 3). In addition, the 
use of various amounts of normal deer brain homogenate, as a source of PrPC (and possibly 
additional factors necessary for PMCA), indicated that a 1:1,000 dilution was just as effective as a 
1:100 dilution (Fig. 3). It is interesting that the amplified PrPSc from CWD showed a banding 
pattern following PK treatment (Fig. 3, lanes 8, 11, and 14) similar to the non-PK treated 
control samples. Similar results were obtained above for the hamster adapted 263K scrapie 
strain (Fig. 1).  
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Implications 
 
We have begun to investigate both aspects of diagnostic test development for chronic wasting 
disease (CWD) by our efforts to: generate specific monoclonal antibodies and establish the use of a 
recently reported technique known as protein misfolding cyclic amplification (PMCA). Both of these 
goals would allow for the specific and sensitive detections of PrPSc, the marker protein for prion 
diseases. Antibody development begins with obtaining a purified protein and using it to immunize 
mice so that they will be induced to generate an immune response and synthesize antibodies 
against the foreign material. We have been successful in this phase of antibody development. The 
next phase of monoclonal antibody development, which involves  
5immortalization of the lymphocytes from the immunize mice, has not yet been achieved. However, 
additional avenues to pursue monoclonal antibody development are possible in the future. 
 
PMCA offers a methodology for the sensitive analysis of very low levels of protein which normally 
would be undetected. PMCA is a simple technique in practice but very challenging technologically. 
This technique has been reported to work for prion diseases with the exception of CWD. We have 
explored the utilization of PMCA by first successfully repeating the results which have been published 
and then performing some preliminary studies with CWD. 
 
 

Table 1,  ELISA of Immunized PrP0/0 Mice (data from Interim Report 7/11/03) 
  Mouse Sera Control Antibody 
CWS Antigen Dilution 03-3 03-4 03-5 7A12 
1:1000 1.73 0.92 2.03 2.77 
1:2000 0.76 0.46 1.21 2.41 
1:4000 0.4 0.15 0.79 1.16 
1:8000 0.22 0.07 0.39 0.53 
1:16000 0.13 0.06 0.31 0.42 

 
 
 

Table 2. ELISA of Sera from Additional Immunized PrP0/0 Mice 
Mouse # Antigen Reactivity2    
  CWD 263K    

1 0.161 0.256    
2 0.696 1.528    
3 0.094 --    
4 0.110 --    
5 1.136 2.211    

Control 2.579 >3.000     
2Sera was tested at a 1:1000 dilution.   
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Table 3. Hybridomas Obtained from Fusions 

Fusion # Mouse Used # of CWD-Reactive Hybridomas 
/ Total # of Hybridomas 

03-3 03-3 0 / 5 
03-4 03-4 0 / 97 
03-5 03-5 0 / 29 

03-11 5 0 / 9 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. PMCA of PrPSc 
1. 263K HBH -PK 
2. 263K HBH +PK 
3. Normal HBH +PK 
4. Sonicated sample (50 Cycles) + PK 
5. Incubated sample (50 Cycles) +PK 
6. Frozen sample (50 Cycles) +PK 
7. Sonicated sample (20 Cycles) +PK 
8. Incubated sample (20 Cycles) +PK 
9. Frozen sample (20 Cycles) +PK 
10. Sonicated sample (20 Cycles) +PK 
11. Incubated sample (20 Cycles) +PK 
12. Frozen sample (20 Cycles) +PK 
 
HBH: hamster brain homogenate 
PK: 80 µ/ml, 37°C, 1 hr 

 

Figure 2. Effects of Dilution on PMCA 
Lane 
1. PrPSC marker 
2. Incubated sample (5% 263K HBH / 5% normal HBH, 1:10) +PK 
3. Sonicated sample (5% 263K HBH / 5% normal HBH, 1:10) +PK 
4. Frozen sample (5% 263K HBH / 5% normal HBH, 1:500) +PK 
5. Incubated sample (5% 263K HBH / 5% normal HBH, 1:500) +PK 
6. Sonicated sample (5% 263K HBH / 5% normal HBH, 1:500) +PK 
 
HBH: hamster brain homogenate 
PK: 100 µ/ml, 37°C, 1 hr 
16 cycles 
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Figure 3. PMCA of CWD 
Lane 
1. 5% NDBH in PMCA buffer 
2. 5% NDBH in PMCA buffer 
3. Blank 
4. 5% CWDBH in PMCA buffer 
5. 5% CWDBH in PMCA buffer 
6. Blank 
7. Mixed 5% DBH** frozen 
8. Mixed 5% DBH** sonication and incubation 
9. Mixed 5% DBH** incubation 
10. Mixed 5% DBH*** frozen 
11. Mixed 5% DBH*** sonication and incubation 
12. Mixed 5% DBH*** incubation 
13. Mixed 5% DBH**** frozen 
14. Mixed 5% DBH**** sonication and incubation 
15. Mixed 5% DBH**** incubation 
 
*       PK treatment:  100 µ/ml, 37°C, for 30 minutes 
**     5% CWDBH: 5% NDBH = 1:100 
***   5% CWDBH: 5% NDBH = 1:500 
**** 5% CWDBH: 5% NDBH = 1:1000 

 


