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ABSTRACT

Four patients, two with Idiopathic Thrombocytopenic Purpura, one with advanced Astrocytoma, 

and one with Systemic Lupus Neutropenia, were treated with the Prosorba® Immunoadsorption 

Column on an out-patient basis. A complete response was observed in one of the ITP patients 

while a partial remission occurred in the other patient with ITP. Absolute neutrophil counts 

increased in the Systemic Lupus Neutropenia patient indicating response to therapy, and CT 

scans and subjective improvements indicate successful therapy in the astrocytoma patient. 

Systemic reactions occurred in 3.4% of the treatments. Protein A Immunoadsorption therapy 

thus was safe and effective in the treated patients.

*
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INTRODUCTION

In the spring of 1988 the newly established North Idaho Cancer Center in Coeur d'Alene, 

Idaho began using the Prosorba column, a Staphylococcal Protein A (SPA) therapeutic device, in 

a clinical setting. Four patients were treated for this study: two Idiopathic Thrombocytopenic 

Purpura (ITP) patients, one Systemic Lupus Neutropenia patient, and one Astrocytoma patient.

ITP is an autoimmune disease in which the patient produces antibodies that destroy 

platelets. Traditional forms of therapy include steroids, splenectomy, chemotherapy and/or high 

dose immunoglobulins. Systemic Lupus Neutropenia is similar to ITP. In this disease the 

patient's antibodies form complexes with granulocytes which eventually leads to the destruction 

of neutrophils, a type of white blood cell. An astrocytoma is an intracerebral tumor.

BACKGROUND

In 1983 IMRE' Corporation, a Seattle based biomedical company, began production of the 

Prosorba® Immunoadsorption Column and received certification by the Food and Drug 

Administration (FDA) for investigational use of the device. On 11 April 1988 IMRE' announced 

its market launch of the Prosorba column, a device approved by the FDA for the treatment of ITP. 

The Prosorba column is a cylindrical plastic column containing 200mg of Protein A from the 

Cowan I strain of Staphylococcus aureus covalently bound to a silica matrix. The column itself 

is 86mm ± 5mm in height and 71.5mm in diameter. At each end of the column are stainless steel 

mesh screens which retain the immunoadsorbent within the column. Inlet and outlet openings 

are designed to allow adaption to standard tubing. Each column is sterilized and can be used once 

only (IMRE' Corporation, 1988). The column was approved by the FDA for use as an 

immunoadsorption treatment in the removal of Immunoglobulin G (IgG) and IgG-containing 

circulating immune complexes (CIC) from the plasma of patients with ITP.
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The immunoreactivity of protein A was first reported by Jensen (1958) while

attempting to serologically type staphylococci. He noticed that some staphylococcal strains, 

particularly the Cowan I strain, induced a strong antibody response in rabbits. Two out of the<
41 test rabbits contained naturally occurring antibodies against what is now known as the

Protein A containing strains. Jensen then investigated whether human sera also contained such 

naturally occurring antibodies. After extensive testing Jensen was able to show that human 

serum unmistakably showed the presence of such naturally occurring specific antibodies. He

was also able to show that the antigen was a component of the bacterial body, not an exotoxin.

Forsgren and Sjoquist (1966) isolated protein A from the cell walls of the Cowan I 

strain of S. aureus . They found that protein A is capable of binding to and aggregating

gamma-globulin in vitro. Kessler (1975) also demonstrated the affinity of protein A for IgG but 

in addition discovered that protein A binds even more avidly and at extremely rapid rates to 

immune complexes containing IgG. Once bound, the complexed antigen could not be displaced from 

the absorbent either by large amounts of normal IgG or by extra free antibody.

The first rationale for using protein A as an immunoadsorption technique was developed 

by Steele, Ankerst, and Sjoguist (1974). Steele et al. showed that protein A could be used to 

absorb the blocking factors out of sera from rats carrying either isografted polyoma virus 

induced sarcomas or chemically induced colon carcinomas. In all sera tested the protein A 

treatment canceled the sera's ability to inhibit lymphocyte-mediated cytotoxicity to tumor target 

cells in vitro. Serum from both groups of rats had complement-dependent cytotoxic effects on 

the tumor target cells after protein A treatment. Analysis of the post-treatment sera showed 

20-30% less IgG class immunoglobulins than the untreated or control sera treated with Wood 

46 strain of S. aureus (which does not contain Protein A). Although no mechanism was 

proposed, the therapeutic potential of protein A was demonstrated. Similar promising results
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were obtained from animal studies (Balint et al., 1984; Balint and Jones 1983; Holohan, 

Philips, and Bowles, 1982; Jones, Grant, and Snyder, 1984; Jones, Yoshida, Ladiges, and 

Kenny, 1980; Snyder, Jones, Day, and Hardy, 1982; Snyder, Singhal Yoshida, and Jones,

1985; and Terman et al., 1980).

Bansal et al. (1978) applied protein A as an immunoadsorption treatment to plasma of a 

human patient with metastatic colon carcinoma. He used formalin and heat killed S. aureus in an 

extracorporeal filtration apparatus in order to remove IgG and its complexes. Twenty 

treatments were done over a five-month period resulting in reduced levels of IgG and immune 

complexes in the perfused plasma. He reported that the blocking activity of the serum was

reduced, tumor size decreased, and general patient condition improved as a result of the

treatments. Tumor biopsies revealed tumor destruction far in excess of tumor proliferation.

The study showed the possibility of significant side effects, none of which, however, were not 

manageable. Many of the problems were due to a lack of perfection in the yet new therapy.

Terman et al. (1981) extended the approach to patients with breast adenocarcinoma 

with the protein A on a charcoal matrix. Partial responses were reported in four of five patients 

but chemotherapeutic agents were also simultaneously administered. Ray et al. (1982) treated 

one patient with metastatic colon carcinoma with Staphyloccocal Protein A (SPA) therapy and 

were able to reduce the carcinoma enough to excise it. There was no evidence in the peritoneal 

cavity of generalized seedings of the tumor. The patient experienced both objective and 

subjective clinical response with insignificant side effects. Protein A was covalently bound to 

inert silica matrix by Bensinger, Kinet, and Hennen (1982) for use in treating five patients 

with breast adenocarcinoma. Three of the five cases confirmed the results of Terman et al.

(1981). Messerschmidt et al. (1982) also observed no tumor response in five patients with 

breast adenocarcinoma using heat-killed, formalin fixed S. aureus. Fourteen extensively
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pretreated patients with advanced and progressive malignancies were given infusions of

autologous plasma which had been perfused over protein A bound to an agarose gel (sepharose) 

(Mackintosh, Bennett, Shift, Shields, and Hall, 1983). In two patients there was objective 

tumor regression and in five the disease was stabilized from four to twelve weeks. Potential 

therapeutic value of Sepharose-bound protein A immunoadsorption was also shown by 

Hakansson, Jonsson, Soderberg, Enestrom, Lieden, and Lindgren (1984) for one patient with a

malignant melanoma and one with renal adenocarcinoma.

Protein A immunoadsorption treatments have also been explored as potential 

therapeutical approaches for AIDS patients and patients with Kaposi's sarcoma. Kiprov et al. 

(1984a) reported the identification of two antilymphocyte factors in AIDS patients, one of which 

could be removed by perfusion of plasma over Prosorba columns. Kiprov et al. (1984b) also 

treated a patient with Kaposi's sarcoma and AIDS with the Prosorba column. CIC, antilymphocyte 

antibodies, and blocking factors were effectively removed from the plasma. Gross and

microscopic changes were observed in some sarcomatous lesions. No new lesions of the skin 

appeared after the initiation of treatment and about 20% of the existing skin lesions showed a 

slight decrease in size along with central necrosis. Microscopic examination of the lesions also 

revealed increased collagen proliferation. The terminal course of the disease was not altered and 

the patient died of respiratory distress associated with overwhelming tumor infiltration of the 

lung. In 1985 Kiprov et al. (1985) reported partial response in three of four Kaposi's sarcoma 

patients using the Prosorba column.

Bertram et al. (1985) showed that, in a study of eleven advanced breast cancer and four 

astrocytoma patients who were treated with plasma perfused over columns containing protein A 

bound to charcoal matrix, antitumor response was present only in patients who had systemic 

adverse reactions. A mitogenic substance was found in the plasma of eleven of the patients after
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treatment and was not due to leakage of Staphylococcal Protein A (SPA) from the column during 

perfusion. The correlation suggested that the mitogenic factor is an active component of SPA 

therapy. Bertram and colleagues proposed that the presence of immunostimulatory material in 

the column perfused plasma (CPP) might be a better explanation for the biological activities 

than the removal of immune complexes. This study was important in providing a lead to the

mechanism of protein A therapy.

In 1988 a multicenter study, including eleven institutions, was performed to evaluate 

the safety and effectiveness of therapy with the Prosorba column for advanced cancer 

(Messerschmidt et al., 1988). One hundred fourteen patients were evaluated. Overall, 53% of 

the patients showed tumor responses. It is interesting that serum IgG and CIC levels did not 

statistically change due to therapy in either the responding or non-responding patients. No

adverse reactions were observed in 66% of the treatments (735 of 1113). The most common 

side effects were fever and chills. The study demonstrated that protein A immunoadsorption of 

plasma can be performed safely in an outpatient setting and is effective in antitumor response.

Studies of protein A immunoadsorption therapy for autoimmune diseases have also been 

performed and have produced encouraging data. In one study (Besa et al., 1981) a patient who 

had developed progressive and severe autoimmune hemolytic anemia (AIHA) along with chronic 

lymphocytic leukemia (CLL) was treated with protein A immunoadsorption. AIHA is a 

complication of CLL in about 15-36% of cases and is an autoimmune disease in which antibodies 

are produced against the patient's RBC's. The patient had been treated traditionally for CLL and 

could not have a splenectomy due to a severe coronary artery disease. After two treatments both 

hemoglobin levels and platelet counts increased. Eventually the antibodies to the RBC's 

completely disappeared.

Nilsson, Jonsson, and Sundqvist (1981) reported a patient who had hemophilia and high
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levels of factor IX antibody and required surgery. A decrease of the antibody was reported 

following protein A immunoadsorption treatments which enabled the surgery to be carried out 

successfully.

Thrombotic Thrombocytopenic Purpura (TTP) is a drug-induced autoimmune disease in

which antibodies are formed against the bodies own platelets. Korec, Smith, Schein, and Phillips 

(1984) treated two mitomycin-c-associated TTP patients with extracorporeal plasma perfusion 

through filters containing immobilized protein A. Both had dramatic hematological improvement 

after four and five immunoperfusion treatments. This is significant as TTP is almost always

fatal. The study was also important in finding a direct correlation between extent of complement 

activation and clinical toxicity. The side effects were minimal enough not to require therapeutic

intervention.

Hemolytic uremic syndrome is likewise a usually fatal disease (80% fatal within twelve 

months) and includes thrombocytopenia, microangiopathic hemolytic anemia, and progressive 

renal failure. Korec et al. (1986) reported the results of protein A immunoadsorption 

treatments on eleven patients. Treatment resulted in complete clearance of pretreatment 

elevated levels of CIC in eight of the eleven patients with normalization of complement values 

depressed at the start of the therapy session. Nine patients showed significant increase in 

platelet and erythrocyte counts, and six showed stabilization of the progressive renal 

impairment. The response was incomplete and short term in three patients while seven patients 

demonstrated long term control of the syndrome and complete tumor remission (follow-up of 

nine months). This was a major breakthrough as no consistently effective form of therapy 

existed at the time for such patients.

Bertram et al. (1988) reported response to therapy with autologous plasma perfused 

over silica immobilized protein A in six of nine HIV-related ITP patients. ITP is an autoimmune
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disease in which the body produces antibodies against its own platelets. Four of the nine patients 

had post-treatment platelet levels which were normal and have remained sustained during a five 

month follow-up. Decreases were concomitantly reported in CIC, platelet-associated IgG, and 

platelet-directed IgG. Complement activation also occurred.

PROPOSED MECHANISMS OF ACTION

Sjdgren, Hellstrom, Bansa, and Hellstrom (1971) proposed that the means by which 

antitumor response is blocked is an antigen-antibody complex which is capable of binding to 

target cells and/or reacting with lymphocytes immune to their antigens. Thus the lymphocytes' 

reactivity would be blocked. Sjorgren and colleagues were able to separate out low and high

molecular weight fractions from the eluates of sera from mice carrying sarcomas induced by the

Moloney virus or methylcholanthrene. When separated, neither fraction can block 

lymphocyte-mediated cytotoxicity but could in a 1:1 mixture. The authors hypothesized that the 

antigen-antibody complex could exert its effect by covering target-cell antigens but that it was 

more likely that they attacked the immune lymphocytes themselves. They also admitted to the 

possibility that the antigen alone could be sufficient for blocking and that the antibody could

serve as a carrier.

Hellstrom, Hellstrom, Snyder, Balint, and Jones (1985) explored earlier evidence that 

blocking factors could not be circulating antibodies. These researchers also explored findings 

that specific blocking factor (SBF) activity was not an antigen either and thus a new type of 

blocking molecule had to be pursued. Overall, the collected evidence suggested three possible 

types of circulation SBF: tumor antigens, CIC, and antigen-specific factors that are probably 

suppressor T cell derived. Evidence showed that tumor antigens could inhibit the immune 

response in the presence of radiosensitive T cells, which were most likely suppressor cells.
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Based on previous evidence, Hellstrdm and co-workers proposed many possible explanations of 

the antitumor response after extracorporeal immunoadsorption with protein A and that the 

actual mechanism may be a combination of these reactions. Such possibilities include: partial 

removal of blocking factors thus resulting in enhanced immune response (CIC or tumor 

antigens), or a release of protein A or other biologically active molecules from the column 

which may stimulate an immune response (activation of complement, antibody production, 

induction of interferon synthesis).

Carlsson, Dohlsten, Boketoft, Sjokuist, and Sjogren (1984), however, showed that 

gamma-interferon inducing activity and most mitogenic activity in preparations of SPA are not 

attributable to SPA or low molecular weight fragments but seem to depend on the presence of

Staphylococcal enterotoxin A (SEA) and other non-SPA bacterial products. Thus the importance 

of non-SPA products was emphasized.

As mentioned earlier, Bertram et al. (1985) reported the significance of the correlation 

between systemic symptoms and antitumor activity. In their study the four patients who 

exhibited no systemic symptoms likewise had no antitumor effects and were devoid of mitogenic 

substance. Bertram (1985) further explored this relationship. The data confirmed that 

mitogenicity of the column perfused plasma (CPP) was not due to leakage of whole SPA. 

Furthermore, the results virtually eliminated the possibility of SPA preparation contaminants, 

such as SEA, as the source of mitogenicity in the CPP. The fact that small volumes of CPP are 

sufficient to induce substantial antitumor activity lead Bertram to believe that the removal of 

CIC and other immunosuppressive materials from the CPP to be an unlikely explanation for the 

tumoricidal effects (Bertram, 1985). Instead, the presence of tumor associated antibodies after 

treatment lead Bertram to explore the possibility of immunocompetent cells as a mechanism. 

Since plasma and not cells are perfused in SPA therapy direct stimulation of immunocytes was
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ruled out. Bertram(1985, p. 506) stated that "CPP must contain immunostimulatory molecules 

which are either released or formed after contact of plasma with the SPA matrix." Further, 

according to Bertram (1985, p. 506), "these molecules may either be directly tumoricidal or

enhance antitumor immunity indirectly by stimulation of various immunocompetent cells."

Bertram's findings of the mitogenic activity of CPP lead him to favor the latter possibility. 

Bertram (1985, p. 507) states:

The finding that PBS (phosphate buffered saline) did not acquire mitogenic 
activity after perfusion over a washed SPA-charcoal matrix while plasma 
became highly mitogenic after passage over an identical matrix suggests that 
the mitogenic component was generated by interaction of plasma molecules 
with immobilized SPA. High levels of mitogenicity were also found on the 
perfused charcoal particles of the matrix. This lead to the suggestion that 
immobilized SPA thus may serve to concentrate certain biomolecules on the 
charcoal particle and thereby facilitate, perhaps enzymatically, conversion 
of the retained material to immunostimulatory molecules.

Bertram's demonstration that CPP mediated lymphoproliferation was dependent on the presence 

of monocytes in the culture system implied a similar reaction in vivo. Thus, the release of 

interleukins by activated monocytes might then be the final mediators of observed mitogenicity.

Recent support for this interleukin-mediated mitogenicity is cited by Bertram (1985).

Dumondes et al. (as cited by Bertram, 1985, p. 507) clinical trials on advanced cancer patients 

with lymphokine-rich cell supernatants produced similar clinical symptoms and hematologic 

changes. Also, the finding that SPA therapy may be beneficial in treating AIDS, a disease in 

which lnterleukin-2 (IL-2) production is severely depressed might also support this concept 

(Bertram, 1985). Finally, an SPA-related enterotoxin has been demonstrated to induce 

interleukin production. The mitogenic factor generated by plasma perfusion over SPA would then 

interact with monocytes to induce the release of lnterleukin-1 (IL-1) in Bertram's (1985)
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proposed mechanism. IL-1 is the main producer of nonenterotoxin fever, chills, and rigors, the 

most common side effects of SPA therapy. According to Bertram (1985, p. 507) "Antitumor 

activity could then be mediated through expansion of preimmunized lymphocyte clones by IL-2
*

which is produced by helper T-cells in the presence of IL-1.”

MATERIALS AND METHODS

Patients. Two female patients with Idiopathic Thrombocytopenic Purpura (ITP), one

male patient with Systemic Lupus Neutropenia, and one female patient with advanced 

Astrocytoma were enrolled in this study. All patients were Caucasian and ranged in age from 25 

to 80 years. All patients had failed to respond to standard therapy, including standard hormonal

therapy and chemotherapy for the ITP patients, hormonal therapy for the Lupus patient, and 

surgery and radiotherapy for the astrocytoma patient. In the case of the Astrocytoma patient, no

chemotherapy was administered six weeks prior to, during, or after treatment. SPA therapy was 

used to replace hormonal therapy and chemotherapy in the ITP patients and also hormonal 

therapy in the Lupus patient. Signed informed consent was obtained from all patients before each 

treatment. All patients were treated on an out-patient basis.

Preparation of the Prosorba column and treatment procedure. The Prosorba 

Column was set-up and prepared according to the Prosorba Immunoadsorption Treatment 

Column Procedure Manual (1988). The "Off-line treatment procedure" was the schema used in 

this clinic. Prior to each treatment Tylenol and Benadryl were administered to control expected 

minor side effects (fever, chills, and nausea). Patients were monitored for adverse effects 

during and after each treatment.
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RESULTS

ITP RESPONSES. ITP patient responses are summarized in Table 1 and graphically

depicted in Figures 1 and 2. Patient 1 responded to therapy while patient 2 had only a transient
r

response. Platelet counts in patient 1 increased drastically after the first treatment. Therapy 

then had to be interrupted since this patient had to be hospitalized for a separate medical 

problem Platelet counts dropped significantly in this time period. Upon commencement of 

treatment platelet counts increased again and continued to increase after completion of therapy.

Patient 2 had an excellent response after four treatments (Figure 2). Platelet counts

peaked on the day of the fifth treatment and began to decline after the sixth treatment. After

five more treatments therapy was discontinued due to lack of further response. Patient 2 was

then restarted on traditional chemotherapy in efforts to elicit response and is scheduled for a

splenectomy.

Systemic Lupus Neutropenia. Laboratory data from this patient are summarized in 

Table 2 and shown in Fugure 3. Absolute neutrophil counts increased after two treatments and 

remained relatively stable after the fourth treatment (Figure 3). Therapy then was 

discontinued at the patient's request. Rigors and joint pains had occurred and were considered by 

the patient to be "major" side effects. These side effects occurred late in the evening, were not 

reported by the patient and thus no therapy was given.

Astrocytoma. Response to therapy in astrocytoma patients is measured in terms of 

radioactive isotope uptake in the area of the lesion (Table 3). Only growing tissue takes up the

* isotope. In April of 1988 a large right temporoparietal lesion of the brain was identified on a CT 

scan. After surgery and commencement of radiation therapy the patient still developed signs of 

progressive disease. At this time the patient had no use of the left hand and lower left arm and 

had severe language impairment. SPA therapy was then initiated with an isotope count of 8800
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in the tumor area. After seven weekly treatments the isotope count had decreased to 4400

(Figure 4). At present isotipe counts have declined to 1000 in tumor bearing tissue which

represents a eight fold decline in isotope counts. This patient has regained full use of left hand
*

and arm and is clinically asymptomatic.

Toxicity of SPA Therapy. Systemic reactions occurred in only 1 of the 28 

treatments (3.4%). This occurred after the fourth treatment of the Lupus patient and consisted 

of rigors lasting for about half an hour and then joint pains and weakness in the thighs. These 

are less frequent side effects of SPA therapy. They can be treated but were not reported by the 

patient. The astrocytoma patient sometimes had slight headaches which were easily controlled 

with Tylenol.
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Table 1. Platelet counts in response to Protein A Immunoadsorption therapy in 2 ITP patients

_ Patient 1
Day Platelet count** Day Pa,ient 2 Platelet count"

1 10,000 1 3,000
6 30,000 11 * 15,000
7 4,000 13 * 54,000
9 68,000 17 * 72,000
15 no count 19 * 89,000
16 * 99,000 24 * 204,000
20 33,000 31 155,000
27 * 37,000 34 * 121,000
29 * no count 46 114,000
33 * no count 47 * no count
34 84,000 61 * 38,000
36 * 77,000 75 * 16,000
42 * 74,000 81 * 20,000
44 66,000 83 * 25,000
51 64,000 87 12,000
58 79,000 94 7,000
65 72,000 96 9,000
70 83,000 101 4,000

108 6,000
115 4,000
118 4,000
123 7,000

*SPA Treatment 
**cells/cubic mm

COROTE UBWRY 
CARROLL COLLtGE
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Figure 2. Platelet count for ITP patient 2
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Table 2. Relationship of Hematocrit, White Blood Count (Wbc), and absolute neutrophil count to SPA Therapy

Day Hematocrit o 
*

Neutrophil 
* *

1 50.8 1900 513
12* 52.5 5600 /
1 4* 51.0 5900 /
19 52.8 3300 2013
25 47.7 3000 /
33* 45.0 3200 1312
41 * 45.7 3700 1924
46 43.4 2900 1566
53 44.0 4500 2520
60 45.2 3100 775
67 43.7 4000 1480
75 43.4 3300 1353
82 42.6 3500 1050
90 43.4 3100 930

* SPA Treatment 
** cells/cubic mm
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Figure 3. Neutrophil count for Systemic Lupus Neutropenia patient

Table 3. Decline of radioactive isotope counts in Astrocytoma tissue during the course of SPA Therapy

Day Isotope Count (cpm)

1 8500
3* /

10 8800
73* /
80* /
88* /
94* 5900
1 08* /
1 1 5* /
1 22* /
129 4400
143* /

*SPA Treatment
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DISCUSSION

Four patients were treated with SPA therapy using the Prosorba Immunoadsorption 

Column: two Idiopathic Thrombocytopenic Purpura (ITP) patients, one Systemic Lupus 

Neutropenia patient, and one Astrocytoma patient. Platelet counts increased significantly in both 

ITP patients, and one patient maintained platelet count increases after therapy. Positive 

response was also evident in the Systemic Lupus patient even though only four treatments were

administered. This patient has maintained an increase in absolute neutrophil count in a one 

month follow-up. Both subjective and objective improvements were the results of SPA therapy 

in the astrocytoma patient. One month after the last treatment there was no evidence of 

recurrent or progressive disease. The patient is now able to enjoy playing the piano and is 

mentally alert. In a three month follow up the patient lacked further progressive symptoms. A 

CT scan showed no further edema and isotope counts in tumor tiwwue had substantially declined. 

The patient is now enjoying usual aids to daily living (ADLs), is free of headaches, siezures, and 

other adverse symptoms.

Toxicity was noted in only 3.4% of the treatments and was neither severe nor life 

threatening. Tylenol and Benadryl were administered one half hour prior to each treatment to

minimize the usual minor side effects of chills and fever.

Various mechanisms of action have been proposed regarding the SPA therapy. The 

treatment of the ITP and Systemic Lupus Neutropenia patients was based on the assumption that 

Circulating Immune Complexes (CIC) and autoimmune antibodies are removed, thus enabling 

normal platelet and neutrophil counts to be reached. Indeed, normalization of platelet counts has 

been shown to correspond to CIC and anti-platelet antibody removal by SPA therapy (Bertram et 

al., 1988).

Anti-tumor activity is thought to be due to either the release or activation of
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immuno-stimulatory molecules after contact of the patients plasma with the SPA matrix. These

molecules are then proposed to either be directly tumoricidal themselves or to activate the

hemolytic complement, thus eliciting an antitumor response (Bertram et al.; 1985 and 

Bertram, 1985). The removal of immunosuppressive IgG and CIC by SPA therapy may serve as 

a primer for such tumoricidal responses (Bertram et al., 1985). The exact mechanism of SPA 

therapy and its relation to the isolation of the mitogenic component of such therapy remains

unsolved. Further research in this area can lead to a better understanding of and insight into

possible mechanisms of SPA therapy.
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