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INTRODUCTION 
IMMOBILIZED protein A (SPA) has been used as 
experimental cancer therapy in animal models 
and in man. Striking antitumor responses were 
frequently observed and prompted an intensive 
search for the active bioreactants and the 
mechanism of action of this most unusual 
approach to cancer therapy. In recent years 
substantial clinical, biochemical and immuno- 
logical research has been carried out in this area 
and several biomolecules which appear to 
contribute to the tumoricidal effects of plasma 
perfused over immobilized SPA have been 
identified. These and other major developments 
will be reviewed and based upon these findings we 
will advance an hypothesis to explain the 
tumoricidal activity of SPA-perfused plasma. 
This unifying concept may also reconcile some 
seemingly disparate observations obtained with 
various SPA perfusion systems and, perhaps, 
serve as a blueprint for future investigations in 
this field. 

EARLY EXPERIENCE WITH 
IMMOBILIZED STAPHYLOCOCCUS 

AUREUS ORGANISMS OF THE COWAN I 
STRAIN 

In 1976 Bansal et al. demonstrated tumoridical 
effects in a patient with colon carcinoma after 
perfusion of plasma over heat-inactivated and 
formalin-stabilized Staphylococcus aureus Cow- 
an I (SAC), which was immobilized in a 
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microporous filtration system [ 1). The work was 
largely inspired by that of Hellstrom et al., who 
showed that circulating specific blocking factors 
in the plasma of animals and patients with cancer 
suppressed the ability of their own lymphocytes to 
destroy tumor cells in vitro [Z]. The objective of 
Bansal’s work was to subtract these ‘blocking 
factors’ from the circulation of the tumor-bearing 
patient. This objective seemed ideally satisfied 
with the use of an extracorporeal perfusion system 
since quantitative removal of the blocking factors 
required exposure of the total plasma volume to 
the immunoadsorptive Stuphy2ococcus aureus 
organism. The tumoricidal effect in this patient 
was, indeed, associated with reduction in 
circulating blocking factors and transient decline 
in Clq binding. Clinically, chills, fever, a 
transient decline in blood pressure and pain in the 
tumor site accompanied the antitumor response. 

The system of Bansal et al. was then extended by 
Terman et al. to dogs with spontaneous 
mammary adenocarcinoma [3]. Tumor necrosis 
was observed in these cutaneous canine tumors 
within 24 hr after perfusion and healing of several 
large ulcerated tumorous areas occurred in the 
ensuing days. Serologically, Clq binding and 
tumor-associated antibodies were increased fol- 
lowing treatments while serum C3 levels declined. 
Since Clq binding levels actually increased, 
tumoricidal effects could not be ascribed to the 
subtraction of circulating immune complexes. 
Nor did the tumoricidal effectsappear to be due to 
removal of circulating blocking factors since the 
column capacity for binding of immune com- 
plexes and immunoglobulin was small and 
phlebotomy of up to 50% of the total plasma 
volume of several of the= animals failed to induce 
a tumoricidal effect. Two independent groups 
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working at The National Institute of Health have 
confirmed the antitumor effects of plasma 
perfused on over Staphylococcus aureus in 
experimental animal models [4,5]. Holohan et al. 
in particular confirmed Terman’s observations in 
an identical dog model [4] and Sukumar et al. 
observed reduction of established rat mammary 
carcinomas with plasma perfused over SPA 
immobilized on Sepharose [5]. Today the 
tumoricidal effect of plasma perfused over 
Staphylococcus aweus perfusion systems has 
been demonstrated in various additional experi- 
mental animal systems by Cooper and Masinello 
[6], Gordon et al. [7], J oneset al. [8] and Liu et al. 
PI* 

USE OF PURIFIED SPA IN THE 
COLLODION-CHARCOAL (PACC) SYSTEM 

Because some of the early studies suggested that 
SPA was one of the substances involved in 
generating the tumoricidal process, Terman et al. 
subsequently immobilized commercially purified 
SPA in a collodion-charcoal matrix (PACC). 
This new system was tested for toxicity and 
efficacy in the dog model [lo] and then extended 
to patients with advanced breast carcinoma [ 111. A 
major observation emerged from these studies. 
Tumoricidal effects were characterized by rapid 
onset of acute pain as well as hyperemia, edema 
and vesicle formation in the chest wall tumor in 
most of the treated patients after direct infusion of 
only a small volume (200 ml) of plasma which 
was perfused over PACC. Therefore it appeared 
that antitumor activity was mediated by tumor- 
icidal materials within the plasma perfused over 
PACC rather than by removal of blocking factors. 
Terman’s finding that PACC perfused plasma 
from a patient with breast carcinoma was capable 
of inducing tumor-killing effects when given to 
another breast cancer patient might also support 
this point of view. Of additional interest was that 
PACC perfused plasma induced toxicities [12], 
antitumor responses and even histologic changes 
[13] in post-treatment tumor tissues that were 
almost identical to those noted by Bansal et al. in 
humans [I] and Terman et al. in dogs [3] with 
plasma perfused over SAC. This implied that the 
tumoricidal materials present in plasma perfused 
over SAC and PACC were similar or identical in 
nature. 

SPA therapy was further advanced in a human 
study by Bertram et al. employing a modified 
PACC system [14, 151. Significant antitumor 
responses were induced by infusion of small 
aliquots (100 ml) of PACC-perfused plasma and 
also akin to Terman’s earlier human trial 

antitumor responses, and tosicities occurred 
rapidly after infusion of the PACC-treated 
plasma. In the studies of both Bertram et al. and 
Terman et al. toxicities consisted mostly of rigors, 
chills and fevers, while hypotension and signs of 
early pulmonary edema were obsened in addition 
by Terman et al. [3]. The pathophysiological 
basis of the cardiopulmonary toxicities were 
defined by Young et al. in a prospective study [ 121 
in which hypotension was caused by a decline in 
peripheral vascular resistance while the pul- 
monary edema apparently was due to a 
pulmonary capillary leak syndrome. 

During the trial of Bertram et al. the interesting 
observation emerged that toxicities may not 
merely represent side-effects of therapy but may be 
a critical requisite for optimal tumoricidal effects 
of SPA-perfused plasma. All patients who showed 
antitumor effects also had systemic side-effects of 
fevers, chills and rigors. Conversely, all patients 
in this study who lacked systemic side-effects after 
plasma therapy not only failed to obtain 
antitumor responses but were the only indi- 
viduals of this trial with tumor progression 
during therapy [15]. This linkage between 
toxicity and antitumor activity might, in 
retrospect, also have been present in the human 
study of Terman et al., where the patient with the 
most extensive antitumor response experienced 
the most severe systemic toxicity [ll, 121. 
Moreover, in Hakansson et al.‘s study only the 
patient (patient 3) who experienced substantial 
toxicities obtained a significant antitumor 
response [IS]. Toxicities again were those of fever, 
chills and rigor. Similarly, Kinet et al. noted 
objective tumor regressions with a protein A silica 
column in four of eight patients which were 
associated with side-effects of hypotension, chills, 
fever and tumor pain, whereas none of the 
patients in a group treated with a heat-denatured 
protein A column showed any antitumor effect or 
toxicity [ 171. Identical toxicities were also present 
in the patient treated by Bansal et al. with the SAC 
perfusion system [l], who also showed an 
antitumor effect [l]. 

It should be noted that although the toxicity 
was occasionally severe, it was, indeed, manage- 
able. Hypotension responded well to volume 
expansion and the use of vasoactive drugs such as 
metarminol and/or dopamine [ll, 121. Antipy- 
reties when given at the onset of fever successfully 
attenuated the febrile response [14] and the 
frequently observed rigors could easily be 
controlled with the judicious use of intravenous 
demerol [ 141. Bronchospasm apparently occurred 
mostly in patients with pulmonary metastases 
and could be reversed with the use of broncho- 
dilators and short-term corticosteroids [12]. 
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OBSERVATIONS FROM CLINICAL 
STUDIES USING ADDITIONAL SPA 

SYSTEMS 
After the description of the tumor-killing 

effects using the SAC organism or the PACC 
perfusion system [ 1, 3, 11, 141, additional 
perfusion systems appeared, and most of these 
studies are compiled in a recent volume of the 
Journal of Biological Response Modifiers [18]. 
Matrices such as methacrylate, silica and 
Sepharose containing SPA covalently bound were 
employed andused either in on-line or off-line 
mode. While tumor killing effects frequently 
occurred, in general they tended to be less striking, 
less consistent and less rapid in onset than the 
reactions noted with the SAC or the collo- 
dion-charcoal systems. Toxicities induced by 
these systems also appeared to be less severe, 
consistent with the concept that toxicity may be 
essential for maximal antitumor effects. This 
notion seemed also to be supported by a trial with 
the PACC system lvhich was carried out at the 
National Cancer Institute [19]. Despite the use of 
identical quantities of immobilized SPA that were 
employed in a prior study [ 11,12], toxicity typical 
for PACC therapy [ 11, 121 was not observed and 
no clinical antitumor responses were noted [19]. 
The different outcomes in these various trials may 
reflect qualitative or quantitative differences in 
the products formed or generated in plasma after 
perfusion o\ler these columns, as will bediscussed 
below. These differences may also reflect major 
variations in commercial protein A and the 
quantity of contaminating elements which, 
according to one manufacturer, may be due to 
multiple changes which were introduced into the 
fermentation step of the production process over 
the past several years in an effort to increase the 
yield [Inganass, Pharmacia, personal communi- 
cation]. The latter possibility is supported by the 
recent detection of substantial quantities of 
enterotoxins contaminating commercial protein 
A preparations [20], Terman and Langone, 
personal communication]. Therefore it appears 
that careful analysis of the character of observed 
toxicities may provide \,aluable clues to the nature 
and identity of the tumoricidal substancespresent 
in SPA-perfused plasma. 

NATURE OF REACTANTS RESPONSIBLE 
FOR TOXICITY AND POSSIBLY 

ANTITUMOR EFFECT 
Since we postulated that plasma perfused over 

PACC contained products that caused tumor 
necrolysis and tosicities as well, an attempt will 
be made to identify some of the products. The 
nature of these factors may devo1i.e into two 

categories: those products generated after inter- 
action of plasma components with immobilized 
SPA and those leached from the column in the 
course of plasma perfusion. Leached materials 
might consist of enterotoxins which are a natural 
product of the Staphylococcus aweus organism. 
Indeed, in a recent study approximately 5% of a 
commercially purified SPA preparation was 
identified as enterotoxins A [20] and, using 
sensitive radioimmunoassays, several enterotoxins 
were detected in commercial protein A prepara- 
tions, with enterotoxin B being the most 
.abundant, representing up to 0.05% contamina- 
tion [Terman and Langone, personal communi- 
cations]. SPA itself, the major component of the 
perfusion systems, may detach from the column 
and appear in small quantities in the effluent 
plasma. Finally, an example of leakage-indepen- 
dent interaction of plasma components with the 
SPA matrix would be activation of complement 
and generation of biologically activecomplement 
by-products. 

Leached enterotoxins in the effluent from PACC 
Enterotoxins are known to be contaminating 

protein A preparations and if released from the 
matrix into the effluent plasma could exert potent 
biological activity almost identical to that 
observed in the clinical setting. Enterotoxins 
induced hemodynamic changes in monkeys [21] 
that were strikingly similar to those observed in 
humans by Young et al. [12] with the PACC 
system and by Messerschmidt et al. with the SAC 
system 1221, characterized by a decline in 
peripheral vascular resistance with an increase in 
cardiac output. Additional side-effects noted in 
the course of SPA therapy, such as fever, nausea, 
vomiting and respiratory distress, have also been 
described in experimental animals after feeding or 
infusion of small quantities of enterotoxins [20]. 
Indeed, the clinical features of the toxic shock 
syndrome in man known to be induced by several 
enterotoxins bear a striking similarity to those 
described after PACC perfusion therapy [ 1,12,22, 
23, 241. Similarly, the ultrastructural damage to 
tumor endothelial cells observed by Da&al et al. 
[13] shortly after PACC perfusion therapy was 
strikingly similar to the pulmonary endothelial 
lesions induced by enterotoxin B infusion in 
monkeys [25]. Tumoricidal properties of entero- 
toxins are less well studied but it seems of interest 
that most enterotoxins are highly mitogenic to 
human lymphocytes [26]. In fact, concentrations 
as low as 0.1-l ng/ml may induce potent 
lymphoproliferation [27] and such concentra- 
tions might easily be achieved by perfusion of 
plasma over SPA preparations containing 
approximately 0.001% enterotoxins as con- 
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taminants. The recent in vitro demonstrations of 
interleukin [28] and interferon [20] produced by 
staphylococcal enterotoxins further supports 
their potential role in fever production during 
perfusions as well as immunostimulation, 
mitogenesis and clonal expansion. 

SPA containing immunoglobulin oligomers in 
the effluent from PACC 

Sizeable amounts of SPA which was detached 
from the collodion-charcoal were detected by 
Balint et al. in plasma after it was passed over a 
modified PACC perfusion system [29]. In 
subsequent studies the quantity of SPA released 
from the charcoal was found to depend upon the 
amount of immobilized SPA, and ranged from 0.1 
to 1.2 mg of SPA/100 ml of perfused plasma 
[Terman, personal communication]. Other de- 
terminations revealed increased Clq binding 
activity in post-perfusion sera and this activity 
could be identified as polyethylene glycol- 
precipitable oligomers which contained SPA, 
immunoglobulins and complement components 
in various ratios [29]. SPA was thus released into 
the effluent and formed macromolecular com- 
plexes, with molecular weights ranging from 
600,000 to more than 2 million daltons. The 
major immunoglobulins in the complexes 
seemed to be IgG and IgM; IgA and C3 were 
occasionally present [29]. Biologically, SPA-Ig 
complexes are known to induce histamine release 
from mast cells and also cause release of serotonin 
by activation of platelets. SPA-IS complexes may 
also be capable of depositing in the tumor 
neovasculature and as such might exert potent 
local antitumor activity [Terman, unpublished 
observations]. Tumor destruction may also be 
mediated by SPA-Ig complex-induced expansion 
of immunocyte populations and SPA itself is a 
well-recognized lymphocyte mitogen [30]. In- 
deed, SPA-induced IgG production by B cells in 
uitro appears to be altered remarkably by the 
presence of interleukin-2 [31]. Bertram showed 
that the concentration of leached SPA in effluent 
plasma was insufficient for induction of lym- 
phocyte mitogenesis; however, if SPA were 
complexed to IgG in the plasma, it might be a far 
more powerful mitogen than free SPA [32]. While 
the exact in vivo potential of these complexes as 
well as their interaction with interleukins, 
enterotoxins, anaphylatoxins and C3b is pres- 
ently unknown, their widespread in vivo 
distribution and multitude of biological activities 
would suggest, theoretically, that they are a major 
component of SPA perfusion therapy. 

Complement activation and complement by- 
product generation 

Another well-recognized biological activity of 
SPA is activation of complement and generation 
and complement by-products [30]. Langone et al. 
recently demonstrated formation of C3a, C4a and 
C5a in serum after incubation with the SAC 
organism and C3a after incubation with PACC 
[34]. C3a seems to possess direct in vitro 
tumoricidal activity [35] and Kassel et al. showed 
that the administration of normal serum to C5- 
deficient lymphoma-bearing mice resulted in 
marked tumor regression [36]. Free Clq was 
recently demonstrated in the effluent from 
SPA-Sepharose [37] and a crude preparation with 
characteristics of Clq caused tumor growth 
retardation in a mouse B16 melanoma model [6]. 
Zymosan-activated plasma and the partially 
purified complement components C3b and C3u 
had a similar effect in the same murine system 
[Cooper, personal communication]. Immuno- 
logically, C5a was shown to be immuno- 
potentiating, and to induce release of interleukin- 
1 by its interaction with monocytes [38], while 
factor C3b apparently is capable of inducing 
strong lymphoproliferation [39]. These effects 
might lead to expansion of tumor-specific 
lymphocyte clones, while the recently demon- 
strated interaction of anaphylatoxins with 
polymorphonuclear and endothelial cells [40-421 
might cause in vivo margination andaggregation 
of neutrophils in neovasculature with release of 
oxidants and proteases, lysis of endothelium [43] 
and resultant inflammatory edema formation. 
Anaphylatoxins may also be implicated in some 
of the toxic responses to perfusion treatment such 
as hypotension and bronchospasm in view of 
their known experimental properties of 
vasodilatation [44] and leukotriene release in vitro 
[451* 

Mitogenicity of perfused plasma 
In the course of a phase I/II study Bertram et al. 

described a potent immunostimulatory compo- 
nent in PACC-perfused plasma of most of his 
patients [14]. Such perfused plasma was found to 
be highly mitogenic to normal lymphocytes and 
mitogenic potency was similar to Concanavalin 
A, a powerful lymphocyte mitogen. This 
immunostimulatory component required the 
presence of SPA on the collodion-charcoal; 
however, it did not appear to be derived from 
SPA leached from the PACC column. Of 
considerable significance was that the symptoms 
of fever, chills and rigors were produced only by 
mitogenic plasma whereas plasma devoid of 
mitogenicity caused no systemic reactions. This 
linkage applied also to antitumor effects, which 
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occurred only in patients with mttogenic plasma, 
while tumor progression was noted in those 
whose PACC-perfused plasma failed to become 
mitogenic [14]. This study thus substantiated 
earlier assumptions that immunostimulation 
apparently is an important mechanism by which 
SPA therapy achieves antitumor effects. The 
correlative aspect of in vitro mitogenesis with in 
vivo symptomatology might also be of great 
importance for selecting patients who may be 
amenable to SPA therapy. The nature of the 
stimulating factor remains to be elucidated but 
enterotoxins, SPA-Ig complexes, complement 
factor C3b, anaphylatoxins or combinations 
thereof working synchronously or synergistically 
may account for this activity. 

PROPOSED MECHANISM OF THE 
ANTITUMOR EFFECTS AND TOXICITY 
We may now advance a hypothesis to explain 

the tumor killing effects of plasma perfused over 
the PACC column. 

The linkage between antitumor activity and 
toxicity firmly establishes SPA therapy as an 
immunomodulatory modality where activation 
of immunostimulatory circuits leads to simul- 
taneous induction of systemic reactions and 
antitumor responses. The observation that 
administration of small aliquots of perfused 
plasma was able to induce antitumor activity 
suggests the presence of immunostimulating 
molecules in such plasma and makes subtraction 
of blocking reagents by the column a less likely 
explanation. Antitumor activity of SPA therapy 
thus appears to be mediated by immunostimu- 
latory molecules which are either released or 
formed after contact with plasma with the SAC or 
PACC column. These molecules may be directly 
tumoricidal, interact with polymorphonuclear 
cells or stimulate lymphocyte populations 
inducing proliferation of immunocompetent 
cells. Activated inflammatory cells may marg- 
inate in the tumor ‘microvasculature and release 
proteases and oxidases causing tumor cell 
destruction. Systemic enhancement of antitumor 
activity may be mediated by activated T cell 
populations leading to production of inter- 
leukins and thus expansion of pre-immunized 
tumor-specific clones. Proliferation of such 
clones would explain the observed selectivity of 
SPA-induced antitumor responses, including the 
presence of tumor-specific cytotoxic antibodies 
observred in the sera of experimental animals and 
humans shortly after treatment [l, 31, as well as 
the profound lymphoproliferation noted in 
lymph nodes of dogs after SAC perfusion 
treatments [46]. 

Sev,eral immunostimulatory moleculesor acti\,- 

ities have been identified over the last few years. 
Effluent sera from PACC contained SPA-IgC 
conjugates with Clq-binding activity [26] and 
PACC-perfused plasma was also found to be 
strongly mitogenic to human lymphocytes [ 141. 
Complement by-products were shown to be 
generated during the perfusion process [34] and 
various enterotoxins were detected in commercial 
protein A preparations [20]. Each of these four 
systems may interact with multiple cell popu- 
lations and thus could account for some or all of 
the biological effects of SPA. therapy. Their 
relative importance for induction of antitumor 
activity is presently unknown but they may work 
together, potentiate each other at the cellular level 
and ultimately lead to a coordinated activation of 
a variety of immunologic and inflammatory 
systems. Maximum tumoricidal responses may 
occur with conjoint activation while suboptimal 
responses may reflect a lesser degree or unco- 
ordinated activation of these cellular systems. 

The magnitude and character of antitumor 
responses may thus ultimately depend upon the 
host’s state of reactivity at the time of therapy. In 
every study, be it of animals or humans, a certain 
percentage of treated individuals were unrespon- 
sive to therapy. Whether this failure of reactivity is 
due to the presence of potent serum inhibitors of 
complement by-products (471, neutralizing anti- 
bodies to enterotoxins in serum [48], failure of 
SPA-IgG complexes to deposit in tumor 
neovasculature (possibly due to aggressive uptake 
in reticuloendotherial tissue) [49] or insufficient 
activation of host immunologic or inflammatory 
cells will be the subject of further investigations. 

FUTURE PERSPECTIVES 
For each new protein A system conditions of 

safety and efficacy will have to be established. The 
nature of the solid support, the ligand used to 
attach SPA, may influence the optimal quantity 
of SPA required for functional activity. The 
interaction of immobilized protein A with plasma 
and immunoglobulins may differ among the 
various systems and will require careful deter- 
mination of the reactants involved, i.e. comple- 
ment by-products, SPA-Ig complexes, entero- 
toxins and other, as yet unclassified, materials. 

It will be very important that manufacturers 
begin to approach SPA as a pharmaceutical and 
that SPA preparations be structurally and 
functionally standardized, prepared by a homo- 
geneous and reprod.ucible technique, and be 
carefully tested for Fc-binding activity and 
additional components such as enterotoxins. 
Only with such standardized SPA preparations 
can reproducible conditions, of dose, plasma 
v.olumes and flojv rates be established. The 
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mitogenicity assay as developed and described by Besides the interaction of SPA therapy with 
Bertram et al. [14] might be a reasonable initial anticancer drugs, future research will need to 
approach for such standardization and might address a multitude of questions. Most import- 
have an important place in predicting which antly, the relative role in the antitumor effect of 
systems are in fact active and which may be used each of the major-bioreactants which have now 
for clinical studies. been identified will need to be elucidated and the 

The observation that small doses of cytosine potential synergistic interaction of these factors 
arabinoside, an antineoplastic agent, seemed to with inflammatory cells as well as immunocytes 
potentiate the tumoricidal effects of SPA therapy will need to be determined. Indeed, the book on 
[lo, 111 might be of great significance and will SPA therapy has just been opened. However, 
need to be further examined. The concept that a available data indicate this treatment as a 
combination of small ‘non-toxic’ doses of constellation of bioreactive substances formed 
chemotherapeutic agents with SPA therapy and released after contact of plasma with PACC or 
might be sufficient for induction of maximal SAC which may coordinately stimulate host 
antitumor effects could be of great importance for immune and inflammatory mechanisms and 
the treatment of human cancer, and the cellular provide potentially new instruments to activate 
basis of this effect should be studied. host antitumor defenses. 

1. 

2. 

il. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

REFERENCES 
Bansal SC, Bansal BR, Thomas HL et al. Ex uivo removal or serum IgG in a patient 
with colon carcinoma. Some biochemical, immunological and histological 
observations. Cancer 1978, 42, l-18. 
Hellstrom I, Hellstrom K, Evans CA, Heppner GH, Pierce GE, Yang JPS. Serum 
mediated protection of neoplastic cells from inhibition by lymphocytes immune to 
their tumor-specific antigens. Proc Nat1 Acad Sci USA 1969, 62, 362-368. 
Terman DS, Yamamoto T, Mattioli M et al. Extensive necrosis of spontaneous anine 
mammary adenocarcinoma after extracorporeal perfusion over Staphylococcus aureus 
Cowan I: I. Description of acute tumoricidal response: morphologic, histologic, 
immunohistochemical, immunologic and serologic findings. / Zmmunol 1980, 124, 
795-805. 
Holohan TV, Philipps TM, Bowles C et al. Regression of canine mammary carcinoma 
after immunoadsorptive therapy. Cancer Res 1982, 42, 3663-3668. 
Sukumar S, Zbar, Terata N et al. Plasma therapy of primary rat mammary carcinoma: 
antitumor activity of tumor-bearer plasma absorbed against inactivated CNBr 
Sepharose or protein A-Sepharose. J Biol Resp Modif 1984, 3, 303-315. 
Cooper PD, Masinello GR. Protein A treatment of cancer: activation of a serum 
component with trans-species anti B16 melanoma activity. Znt / Cancer 1983, 32, 
737-747. 
Gordon BR, Matus RE, Saal SD et al. Protein A independent tumoricidal responses in 
dogs after extracorporeal perfusion of plasma over Staphylococcus aurew. JNCI 1983, 
70, 1127-1133. 
Jones FR, Yoshida LH, Ladiges WC, Kenny MA. Treatment of feline leukemia and 
reversal of FeLV by ex vivo removal of IgG. Cancer 1980, 46, 625-636. 
Liu WT, Engleman RW, Machida K, D’Cruz 0, Good RA, Day NK. Remission of feline 
leukema by ex viva immunoadsorption therapy: development of a compliment 
dependent cytotoxic antibody to a feline lymphoma cell line (FL-74): quantitation and 
characterization of the antibody. Proc Nat1 Acad Sci USA In press. 
Terman DS, Yamamoto, T, Tillquist R. Tumoricidal response induced by cytosine 
arabinoside after plasma perfusion over protein A. Science 1980, 209, 1257-1259. 
Terman DS, Young JB, Shearer WT et al. Preliminary observations of the effects on 
breast adenocarcinoma of plasma perfused over immobilized protein A. N Engl J Med 
1981, 305, 1195-1200. 
Young JB, Ayus JC, Miller LK, Miller RR, Terman DS. Cardiopulmonary toxicity in 
patients with breast carcinoma during plasma perfusion over immobilized protein A: 
pathophysiology of reaction and attenuating methods. Am J Med 1983, 75,278-288. 
Daskal Y, Mattioli C, Kao-Jen J, Terman DS. Histologicand Ultrastructural changes in 
breast adenocarcinoma after treatment with plasma perfused over immobilized protein 
A. Cancer Res 1984, 44, 2225-2235. 
Bertram JH, Hengst JCD;Mitchell MS. Staphylococcal protein A immunoadsorptive 
column induces mitogenicity in perfused plasma. I Biol Resp Modif 1984,13,235-240. 



Perspectives and Commentaries 1121 

15. 

16. 

17. 

18. 
19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

Bertram JH, Gruriberg SM, Shulman i et al. The staphylococcal protein A column 
correlation of mitogenicity of perfused plasma with clinical response Cancer Res In 
press. 
Hakansson L, Jonsson S, Sederberg M, EnestrSm S, Liedkn G, Lindgren S. Tumor 
regression after extracorporeal affinity chromatography of blood plasma across agarose 
beads containing staphylococcal protein A. Eur J Cancer Clin Oncol 1984, 11, 
1377-1388. 
Kinet JP, Bensinger WI, Frankenne F, Hennen G, Foidart J, Mahieu P. 
Immunoadsorption with staphylococcal protein A in human neoplasms. In: Pineda A, 
ed. Selective Plasma Component Removal. Mt. Kisco, NY, Futura Publishing Co., 
1984, 105-137. 
J Biol Resp Modif 1984, 3. 
Fei MF, Beman JA, Stevenson HC et al. A trial of autologous plasma perfusion over 
protein A in patients with breast cancer. J Biol Resp Modij 1984, 3, 352-358. 
Smith EM, Johnson HM, Blaylock JE. Staphylococcus aureus protein A induces the 
production of interferon-a in human lymphocytes and interferon-a in mouse spleen 
cells. J Immunol 1983, 130, 773-776. 
Beisel WR. Pathophysiology of staphylococcalenterotoxin, typeB, (SEB) toxemiaafter 
intravenous administration to monkeys. Toxicon 1972, 10, 433-440. 
Messerschmidt GL, Bowles C, Dean D et al. Phase I trial of Staphylococcus aureus 
Cowan I immunoperfusion. Cancer Treat Rep 1982, 66,2027-2031. 
Shands KN, Schmid GP, Dan BB et al. Toxic shock syndrome in menstruating women: 
Its association with tampon use and, Staphylococcus aureus and its clinical features in 
52 cases. N Engl J Med 1980, 303, 1436-1442. 
Garbe PL, Arko, RJ, Reingold AL et al. Staphyloccusaureus isolates from patients with 
nonmenstrual toxic shock syndrome: evidence for additional toxins. JAMA 1985, 25 
2538-2542. 
Finegold MJ. Interstitial pulmonary edema, an electron microscopic study of the 
pathology of the staphylococcal enterotoxemia in rhesus monkeys. Lab Invest 1967,16, 
912-924. 
Langford MP, Stanton GJ, Johnson HM. Biological effects of staphylococcal 
enterotoxin A on human peripheral lymphocytes. Znject Immun 1978, 22, 62-68. 
Romagnani S. Baigiotti R, Guidizi G, Almerigogna F, Alessi A, Ricci M. Protein A and 
enterotoxin A; two distinct staphylococcal mitogens for human T lymphocytes. J 
Immunol 1984, 132,566-568. 
lkejima T, Dinarello CA, Gill DM etal. Induction of human interleukin-1 byaproduct 
of Staphylococcus aureus associated with toxic shock syndrome. J Clin invest 1984,73, 
1312-1320. 
Balint J Jr, lkeda Y, Langone J J et al. Tumoricidal response following perfusion over 
immobilized protein A: identification of immunoglobulin oligomers in serum after 
perfusion and their partial characterization. Cancer Res 1984, 44, 734-743. 
Sakane T, Green I. Protein A from Staphlococcus aureus: a mitogen for human T and B 
lymphocytes but not L lymphocytes. J Zmmunol 1978, 120, 302-311, 
Teranishi T, Hirano T, Bi-Hu L, Onove K. Demonstration of the involvement of 
interleukin 2 in the differentiation of Staphylococcus aureus Cowan l-stimulated B 
cells. J Immunol 1984, 33, 3062-3064. 
Romagnani SA, Amadori MG, Guidizi R et al. Different mitogenic activities of soluble 
and insoluble staphylococcal protein A (SPA). Immunology 1978, 35,471-478. 
Stahlenheim G, Gotze 0, Cooper NR et al. Consumption of human complement 
components by complexes of IgG with protein A of Staphylococcus aureus. 
Immunochemistry 1973, 10, 501-507. 
Langone JJ, Das C, Benett D, Bennett D, Terman DS. Generation of C3a, C4a and C5a 
anaphylotoxins after contact of plasma with protein A from Staphylococcus aureus. J 
Immunol 1984, 133, 1057-1063. 
Ferluga J, Schorlemmer HU, Baptista LC et al. Cytolytic effects of the complement 
cleavage product, C3a. Br J Cancer 1976, 34, 626-634. 
Kassel RL, Old LJ, Carswell EA et al. Serum-mediated leukemia cell destruction in 
AKR mice. J Exp Med 1973, 138,925-928. 
MacKintosh FR, Bennett K, Hall SW. Tumoricidal effects of staphylococcal protein A 
(SPA) treated plasma in vitro: clinical correlation and possible mechanism of action. 
AACR Abstracts 1983, 198, H780. 
Goodman MG, Chenoweth DE, Weigle WO. Induction of interleukin 1 secretion and 
enhancement of humoral immunity by binding of human C5a to macrophage surface 
C5a receptors. / ,%p Med 1982, 1156, 912-917. 



1122 Perspectives and Commentaries 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 
48. 

49. 

Hartman KU, Bokish VA. Stimulation of murine B lymphocytes by isolated C3b. I Exp 
Med 1975, 142, 600-610. 
Chenoweth DE, Hugli TE. Demonstration of specific C5a receptor on intact human 
polymorphonuclear cells. Proc Nat1 Acad Sci USA 1978, 75, 3843-3847. 
Tonnesen M, Smedly LA, Hensen PM. Neutrophil-endothelial cell interactions, 
modulation of neutrophil adhesiveness induced by complement fragments C5aand C5a 
des arg and formyl-methionyl-leucyl-phenylalanine in vitro. J Clin Invest 1984, 74, 
1591-1592. 
Gimbrone MA, Brock AF, Schafer AI. Leukotriene B4 stimulates polymorphonuclear 
leukocyte adhesion to cultured vascular endothelial cells. J Clin Znvest 1984, 74, 
1552-1555. 
Hammerschmidt DE, Harris PD, Wayland JH et al. Complement-inducedgranulocyte 
aggregation in viva. Am 1 Pathol 1981, 102, 146-150. 
Pavek K, Piper PJ, Smedgard G. Anaphylatoxin-induced shock and two patterns of 
anaphylactic shock: hemodynamics and mediators. Acta Physiol Stand 1979, 105, 
393-403. 
Stimler NP, Bach MK, Bloor CM, Hugli TE. Release of leukotrienes from guinea pig 
lung stimulated by C5a des Arg anaphylatoxin. J Immunol 1982, 128,2247-2252. 
Bansal SC, Bansal BR, Rhoads JE, Cooper DR, Boland JP, Mark R. Ex vivo removal of 
mammalian immunoglobulin G: method and immunologic alterations. Int J Artif 
Organs 1978, 1,94-101. 
Hugli A, Muller-Eberhard HS. The anaphylatoxins. Adv Zmmunol 1981, 16,88-160. 
Rapaport MI, Hodoval LF, Grogan EW, McCann V, Beisel WR. The influence of 
specific antibody on the disappearance of staphylococcal enterotoxin B from blood. I 
Clin Invest 1966, 45, 1365-1375. 
Soderberg FB, Siag WM, Jones JM. Alterations by protein A of in vivo distribution of 
immune complexes containing antigens of MULV retrovirus. Fed Proc 1982,41,324. 


