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Abstract: Immunosuppression is a hallmark of advanced
malignancies in man. Over the past 40 years, many inves-
tigators have identified soluble immunosuppressive factors
in blood, serum, ascitic fluid, and pleural fluid from can-
cers in man and other species. Suppressive factors have
also been identified that are produced by tumors. The de-
scription of immunosuppressive factors in the blood of ver-
tebrates who either have cancer or who are pregnant is
significant, for only in pregnancy and cancer does a seem-
ingly normal immune system tolerate immunogenic neo-
antigen. Tumor necrosis factors (TNFs) are known to be
pleiotropic cytotoxic cytokines that are produced by mac-
rophages and lymphocytes. These cells are thought to be
suppressed in patients who have cancer or who are preg-
nant. Recently, elevated blood levels of soluble tumor ne-

crosis factor receptors (sTNFRs) have been reported in
the blood in a variety of cancers and pregnancy. In 1990,
after our initial publication of the discovery of sTNFRs in
the serum and low molecular weight ultrafiltrates of serum
from a variety of cancer patients, others confirmed signifi-
cant elevations of sTNFRs in cancer patients. This eleva-
tion was found to correlate with a poor prognosis. The
biologic activity of proinflammatory cytokines as well as
the suppressive role of their shed receptors is herein re-
viewed. Work with cancer patients using ultrapheresis to
reduce these suppressive molecules by the authors and
others is reviewed. Several recommendations are made for
future directions. Key Words: Ultrapheresis—Cancer—
Immunosuppression.

IMMUNOSUPPRESSION: ITS ROLE
IN CANCER

It is now well understood that immune suppres-
sion is a hallmark of advanced malignancies in man.
Clinical cancers in man are characterized by a state
of immunologic suppression or immunologic toler-
ance which is manifested by depression of cellular
immunity; by the presence of circulating blocking
factors that permit the tolerance of neoantigen; by
the immunosuppressive effects of various hormones
such as estrogen, progesterone, and beta human cho-
rionic gonadotropin (beta HCG); by the presence of
suppressor T cells; by the presence of leukocyte mi-
gration enhancement factors; and by decreased red
cell immune adherence. The degree of suppression is
directly proportional to tumor stage and tumor bur-
den. The mechanisms which allow for immune tol-
erance and provide a state of acquired immune tol-
erance to the foreign proteins of the tumor cell are

soluble factors in blood and extracellular fluid that
interfere with cellular immunity sufficiently to pro-
tect antigenic tumor cells from the immunosurveil-
lance arm of the immune system (1). The cellular
arm of the immune system in man and in all verte-
brate life is responsible for the protection of the host
from viral infections, the recognition of human leu-
kocyte antigen (HLA) mismatched tissue and its re-
jection (as in transplantation), and the recognition
and destruction of neoantigen as it arises in the form
of alterations in the major histocompatibility anti-
gens in neoplastic cells (2). It is by virtue of the
proper functioning of the immunosurveillance arm
of the immune system that the majority of vertebrate
life does not develop cancers during a lifetime de-
spite the mathematical probability of 4–6 cancer cells
developing in each of us every day (3).

HISTORICAL REVIEW OF
IMMUNOSUPPRESSION IN CANCER

Over the past 40 years, many investigators have
identified soluble immunosuppressive factors in the
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blood, serum, ascitic fluid, and pleural fluid from
cancers in man and other species. Previous observa-
tions made by Whittaker and Clark, and Suciu-Foca,
et al. were that immunologic incompetence is quan-
tifiable in vitro and is attributable to circulating
blocking factors. The degree of incompetence ad-
vances as the disease progresses, and the quantita-
tive level of blocking activity increases proportion-
ately (4,5). This implies that a direct correlation
exists between the tumor burden in the host and the
degree of immunologic incompetence. Liechtenstein
observed that pregnancy is accompanied by an ad-
vancing immunologic tolerance to a host of antigens,
to which the cell mediated immune system responds
under normal conditions (6). These observations
were confirmed by our lab in 1980. Rosenstein, et al.
isolated and partially characterized suppressive fac-
tors released from splenocytes in specific hapten sen-
sitive mice. These factors were proteins of 65,000 to
70,000 kilodaltons and could be absorbed by macro-
phages (cells which can function as suppressor cells
in this system) (7). Baldwin, et al. noted that serum
from rats with hepatomas induced by aminoazo dye,
when incubated with effector cells, specifically inhib-
ited cytotoxicity against the tumor (8). Hellstrom
and Hellstrom described inhibition by the autolo-
gous serum of cytotoxicity mediated in vitro by au-
tologous mononuclear blood cells (9). Murray, et al.
observed blocking activity against antibody depen-
dent lymphocyte cytotoxicity in the serum of pa-
tients with melanoma. A glycoprotein appeared to
be responsible for the blocking and a 15 kilodalton
fraction was identified as causal (10).

Suppressor factors have also been identified that
are produced by tumors. Sample, et al. observed that
serum from cancer patients whose lymphocytes dem-
onstrated low phytohemagglutinin reactivity sup-
pressed the response of normal lymphocytes to phy-
tohemagglutinin compared with pooled normal
serum (11). A number of investigators have found
immunosuppressive serum factors in cancer patients
and have also proven that the degree of inhibition is
directly proportional to the tumor burden (4,12–24).
It is also noteworthy that Kasakura observed a simi-
lar suppressive effect on phytohemagglutinin reac-
tivity as well as mixed lymphocyte culture reactivity
in gravid serum (24). The description of immunosup-
pressive factors in the blood of vertebrate life which
either have cancer or are pregnant is very important
for the only 2 conditions in which a seemingly nor-
mal immune system tolerates immunogenic neoanti-
gen are cancer and pregnancy (25). More recently,
Muchmore and Decker isolated and purified an 85
kilodalton glycoprotein from the urine of preg-

nant women. This substance was found to block the
early events required for T-cell proliferation in vitro.
These investigators pose that in vivo it protects the
placenta from maternal immunosurveillance (26).
This same protein was later found to exist in the
urine of people with a variety of cancers (27).

Finally, specific blocking factors to tumor necrosis
factors (TNFs) (alpha and beta) were identified in
the serum and ultrafiltrates of serum by Lentz and
colleagues in 1989 (28). The specific inhibitors were
later cloned and sequenced (29) and further charac-
terized as solubilized receptors which function in tis-
sue water as specific inhibitors of TNF (23).

PARADIGM OF IMMUNE REGULATION

The clinical features that characterize pregnancy
and cancer are tolerance to fungal antigens, depres-
sion of delayed hypersensitivity reactions, prolonged
allograph survival, acceleration of malignant condi-
tions, the presence in the serum of the host of on-
cofetal antigens, and improvement in autoimmune
disorders. These features, combined with the previ-
ous considerations, suggested to us in 1982 a para-
digm of immune regulation whereby fetal cells or
fetal like cells (those that were undifferentiated be-
cause they had not yet differentiated or had dedif-
ferentiated from a mature form) must produce fac-
tor(s) that are able to downregulate normal cellular
immunity in the local environment in which these
cells lived sufficiently for them to escape and to sur-
vive immunosurveillance. This paradigm implies that
a family of immune regulatory genes must exist in
vertebrates. Vertebrates are the only family of or-
ganisms that possess both cellular and humoral im-
munity and must modulate this protective system if
they are to reproduce by ovaparity, ovavivaparity, or
vivaparity. We subsequently proposed that perhaps
the impropitious turning on of this family of immune
regulatory genes in specific tissues and the produc-
tion of specific proteins to interfere with immuno-
surveillance might be essential to the development
and subsequent immune tolerance to cancer cells.
This paradigm suggests that lowering all soluble sup-
pressive factors in blood and extracellular fluid by
apheresis could prove very beneficial to the cancer
patient (1).

TUMOR NECROSIS FACTOR, IL-1, IL-6, AND
THEIR SHED RECEPTORS/INHIBITORS

TNFs are pleiotropic cytokines produced in re-
sponse to injury or infection. These molecules are
considered to be the primary effectors of the inflam-
matory and immune responses of animals. There are
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2 distinct forms of TNF, TNF-alpha (TNFa) and
TNF-beta (TNFb). TNFa and TNFb share 30% se-
quence homology and compete for binding to the
same receptors on the surfaces of cells. TNFs play a
necessary and beneficial role as mediators of host
resistance to virus, bacteria, fungi, and cancer cells.
It is important to note, however, that an overproduc-
tion of these factors can lead to a variety of patho-
logical conditions including wasting, systemic toxic-
ity, and septic shock (30,31). Two distinct TNF
receptors (TNFR) have been identified and cloned.
Virtually all cell types studied show the presence of
one or both of these receptor types. One receptor
type termed TNFR2 (type A, type alpha, 75 kilodal-
tons, or UTR antigen), shows an apparent molecular
weight of 75 kilodaltons. The gene for this receptor
encodes a presumptive transmembrane protein of
439 amino acid residues (32,33). The other receptor
type, termed TNFR1 (type B, type beta, 55 kilodal-
tons, HTR antigen) shows an apparent molecular
weight of 55 kilodaltons. The gene for this protein
encodes a transmembrane protein of 426 amino acid
residues (29,33,34). Both receptor types show high
affinity binding of either TNFa or TNFb. The 2 re-
ceptor types are distinct immunologically, but their
extracellular domains show similarities in the pat-
terns of cysteine residue locations in 4 domains (32).
The intracellular domains of the 2 receptor types are
apparently unrelated, suggesting the possibility that
the 2 receptor types employ different signal trans-
duction pathways.

Several groups have identified soluble TNF bind-
ing proteins in human serum and urine that can neu-
tralize the biological activities of TNFa and TNFb
(27,35,36). Two types have been identified and des-
ignated, one for sTNFR1 and the other for sTNFR2.
These soluble forms have now been shown to repre-
sent truncated forms of the 2 types of TNFR. The
soluble receptor forms apparently arise as a result of
the shedding of the extracellular domains of the re-
ceptors, and concentrations of about 1:2 ng/ml are
found in the serum and urine of healthy subjects
(37,38). The levels of the soluble receptors vary from
individual to individual but are stable over time for a
given individual (37,38).

Since their discovery, elevated levels of sTNFR
have been reported for a variety of conditions. El-
evated levels are found in the amniotic fluid and
urine of pregnant women (39). Elevated levels of
sTNFR in serum or plasma have been reported in
association with pathological conditions such as en-
dotoxemia (40), meningococcemia (41), and HIV in-
fection (42). High levels have also been found in the
plasma and ascites of patients with infections and

malignancies (43). The mechanisms involved in the
induction of shedding of the TNFR are not well un-
derstood. There are reports of correlations between
increased TNF levels and soluble receptor levels,
suggesting generally that stimuli which caused TNF
levels to rise also induced shedding of TNFR (44,45).
There is also evidence, however, that suggests that
the shedding of the 2 types of soluble receptors are
independently regulated (44). It is known that both
types of soluble receptors can bind to TNF in vitro
and inhibit its biological activity by competing with
cell surface receptors for TNF binding. Conse-
quently, it has been suggested that shedding of
soluble receptors in response to TNF release could
serve as a mechanism for binding and inhibiting the
TNF not immediately bound to surface receptors,
thus protecting other cells from the effects of TNF
and localizing the inflammatory response (44,45).
Conversely, it has been reported that at low concen-
trations, TNF binding to soluble receptors can stabi-
lize TNF and augment some of its activities (37).

Cancer tissue studies suggest a different expres-
sion of sTNFR compared to that of normal tissues.
In a study by Pusztai and McGee, 28 primary breast
cancers and tissues from normal breast tissue ob-
tained at reduction mammoplasty were stained by
immunocytochemistry for TNFR1, TNFR2, and
TNFa. Neither TNFa nor TNFR2 was detected in
normal breast tissue or in nonmalignant breast tissue
adjacent to the tumors. In contrast, TNFR1 was ex-
pressed by occasional stromal cells in normal tissue.
TNFa was expressed focally in 50% of the tumors
studied, being largely confined to macrophage like
cells in the stroma. TNFR1 was expressed by a popu-
lation of stromal cells in all the tumors examined,
and a varying proportion of neoplastic cells was
found in 75% of these tumors. TNFR2 was detected
in 70% of the tumors (46).

In 1990, after our initial publication of the discov-
ery of sTNFR in the sera and low molecular weight
ultrafiltrates of sera from a variety of cancer patients
(28), Aderka, et. al. studied 40 healthy subjects and
59 cancer patients with solid tumors. The mean ± SD
concentrations of both the soluble type TNFR1 (p
55) and TNFR2 (p 75) receptors were significantly
higher in the cancer patients than in the healthy con-
trols (1.96 ± 1.19 vs. 0.79 ± 0.19 ng/ml [p < 0.001] and
6.43 ± 4.8 vs. 3.2 ± 0.6 ng/ml [p < 0.001], respec-
tively). The extent of the increase in concentrations
of these inhibitors correlated with the volume of dis-
ease. Sera of the cancer patients had a marked in-
hibitory effect on the in vitro cytocidal activity of TNF.
This inhibition was proportional to the concentration
of sTNFRs and could be fully abolished by the addition
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to the sera of specific antibodies against the recep-
tors (47).

In the same year, Langkopf and Atzpodien inves-
tigated whether the prognosis of cancer patients
could be predicted by the concentrations of their
sTNFRs. They analyzed progression free survival
times in subgroups of patients with sTNFR1 less
than 6.5 ng/ml (n 4 76, Group 1) or more than 6.5
ng/ml (n 4 23, Group 2). Survival analysis according
to the Kaplan-Meier method showed longer progres-
sion free survival in patients with sTNFR1 less than
6.5 ng/ml (Mentel Cox, p 4 0.0017; TaroneWave, p
4 0.0039; and Breslow, p 4 0.0101). The median
progression free survival time of patients with low
pretreatment sTNFR1 concentrations was 10.6
months. Patients with high sTNFR1 levels (greater
than 6.5 ng/ml) reached a median survival time of 3.6
months. These authors concluded that increased lev-
els of sTNFR in cancer patients represent a tumor
escape mechanism from the destructive effects of
TNFa produced endogenously in response to tumor
antigens (48).

INTERLEUKIN 1

There are 2 forms of interleukin 1 (IL-1), IL-1a
and IL-1b. These are cytokines produced primarily
by mononuclear phagocytes but also by a number of
other cell types including skin keratocytes, some ep-
ithelial cells, and some cells of the central nervous
system (49). These cytokines produce a wide variety
of effects on numerous cell types. They also regulate
the production of a great number of other proteins
including other cytokines, IL-2, TNF, and colony
stimulating factors. IL-1a and IL-1b are thus impor-
tant mediators of inflammatory and immune re-
sponses in animals (49). Because of the early appear-
ance of IL-1 during the inflammatory reaction and
because of the variety of effects produced by IL-1a
and IL-1b, these cytokines are believed to play im-
portant roles in the production of pathologic condi-
tions including chronic inflammation, septic shock,
and defects of hematopoiesis. The effects produced
by IL-1 result from the binding of these cytokines to
2 distinct cell surface receptors, IL-1R types I and II
(49). The type I receptor is an 80 kilodalton protein
found on B cells and polymorphonuclear leukocytes.
In general, the type I receptor binds to IL-1a or
IL-1b with approximately equal affinity, and the
type II receptor binds IL-1b more strongly than IL-
1a. The type I receptor is capable of transducing the
signal and can produce all the biologic effects attrib-
utable to IL-1 (50,51). The function of membrane
bound type II receptors is to serve as the precursor
for the soluble IL-1 binding factor that can be shed

under appropriate circumstances to antagonize and
modulate IL-1 activity (50). A naturally occurring
IL-1 binding protein has been described that seems
to correspond to the soluble external portion of the
type II receptor (52,53).

A different type of naturally occurring inhibitor of
IL-1 was discovered and purified from the urine of
patients with myelocytic leukemia (54,55). A cDNA
encoding this polypeptide has been isolated from
monocytes and found to code a 152 amino acid resi-
due glycoprotein of 25,000 kilodalton (56,57). This
molecule, known as secreted IL-1 receptor antago-
nist, shows 26% amino acid homology to IL-1b and
19% homology to IL-1a. Evidence indicates that the
inhibitory action of sIL-1ra results from binding of
IL-1a to the IL receptor type I with an affinity com-
parable to that of the receptor. This binding, how-
ever, does not result in signal transduction. IL-1ra
binds to the IL-1 receptor type II with considerably
lower affinity than that shown by IL-1b (58,59). This
makes sense teleologically in that the 2 mechanisms
designed to inhibit the actions of IL-1b do not com-
pete with each other.

Cells known to produce IL-1ra include mono-
cytes, neutrophils, macrophages, and fibroblasts (60–
62). Cytokines known to upregulate IL-1a produc-
tion include IL-13, IL-6, IL-4, interferon gamma,
granulocyte- macrophage colony stimulating factor
(GMCSF) and tumor growth factor TGFb, the latter
apparently by triggering IL-1 production, which it-
self triggers IL-1ra synthesis (60,63–67). IL-1ra is
released in vitro during experimentally induced in-
flammation as a part of the natural course of many
disease. It is thought to be part of a naturally occur-
ring mechanism which limits, under most circum-
stances, the extent of the potentially deleterious ef-
fects of IL-1 (68,69). Administered experimentally,
IL-1ra has been demonstrated to block IL-1 activity
both in vitro and in vivo. In rabbits, pretreatment
with IL-1ra has been shown to prevent death result-
ing from septic shock produced by lipopolysaccha-
ride (LPS) injection (70) to prevent the develop-
ment of immune complex mediated colitis (71,72)
and to block cerebral spinal fluid inflammation in-
duced by the cerebral ventricular administration of
IL-1 (73). Preclinical and clinical studies are in prog-
ress on the possible therapeutic uses of IL-1ra in the
treatment of sepsis, cachexia, rheumatoid arthritis,
chronic myelogenous leukemia, and transplanted
bone marrow induced graft versus host disease (74).

INTERLEUKIN 6

IL-6 is a multifunctional cytokine produced by a
variety of cell types including T lymphocytes, mono-
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cytes/macrophages, fibroblasts, hepatocytes, vascu-
lar endothelial cells, cardiac myxomas, bladder cell
carcinomas, myelomas, astrogliomas, and glioblasto-
mas. The effects of IL-6 on different cell types are
numerous and varied. These effects include the fol-
lowing: stimulation of B cell differentiation and an-
tibody secretion; activation as a costimulant with
phytohemagglutinin (PHA) and/or concanavalin A
(ConA) to increase IL-2 production and IL-2 recep-
tor expression T cells; and enhancement of the dif-
ferentiation of cytotoxic T cells. They also include
growth factor for mature thymic and peripheral T
cells, myelomas, hybridomas, plasmacytomas, kera-
tinocytes, and mesangial cells and colony stimulating
activity on hematopoietic cells; the induction of neu-
ronal cell differentiation; the induction of matura-
tion of megakaryocytes; and the stimulation of the
production of acute phase response proteins by he-
patocytes. These varied effects indicate that IL-6
plays a major role in the mediation of the inflam-
matory and immune responses provoked by infec-
tion, injury, and malignancy. Elevated IL-6 levels
have been reported to be associated with a variety of
diseases including autoimmune diseases, mesangial
proliferative glomerulonephritis, psoriasis, and ma-
lignancies (75–77).

The biologic activities of IL-6 are initiated by the
binding of the cytokine to an affinity receptor com-
plex consisting of 2 membrane glycoproteins. An 80
kilodalton receptor binds IL-6 with low affinity IL-
6R and a signal transducing component of 130 kilo-
daltons (GP130) that does not bind IL-6 by itself but
is required for the high affinity binding of IL-6 by the
complex. Both components of the receptor complex,
IL-6R and GP130, have been cloned, sequenced, and
expressed (78–81).

IL-6 RECEPTOR

A soluble form of the IL-6 receptor with a mo-
lecular weight of approximately 50 kilodaltons has
been found in the urine of healthy adult humans, in
cultured medium conditioned by the growth of hu-
man myeloma cells (83), in culture supernatants
from PHA stimulated peripheral blood mononuclear
cells, in human T-cell leukemia/lymphoma virus
(HTLV) 1 + T cell line supernatants, and in the sera
of HIV sero positive blood donors (82,83). This
soluble form of the receptor apparently arises from
the proteolytic cleavage of membrane IL-6R. The
regulation in vivo of the shedding of IL-6R as well as
the function and significance of these soluble recep-
tors in biologic fluids is not currently understood. It
has been suggested, however, that the pathologic

states which involve elevated levels of IL-6 might
also be associated with increased production of
soluble IL-6R (83).

THE YIN AND YANG OF
IMMUNE REGULATION

A paradigm is therefore suggested by the discov-
eries cited previously for the in vivo regulation of
proinflammatory cytokines whereby the biologic ac-
tion of proinflammatory cytokines induces the shed-
ding of specific receptors to the cytokine in such a
fashion that the proinflammatory cytokine itself is
suppressed. This serves as an exquisite mechanism of
control of the deleterious and injurious effects of this
family of inflammatory mediators systemically and
also in the microenvironment in which antigen is
present. It certainly seems to be consistent with the
literature that an increase in the soluble receptors so
characteristic of the state of immunologic tolerances
seen in advanced malignancies of various sorts may,
in fact, be setting the immunologic stage so that neo-
antigens that can also characterize these same ma-
lignancies can be tolerated by an otherwise seem-
ingly normal immune system.

Based on our studies using molecular sieving, we
were convinced that the suppression of blastoid
transformation reported by Whittaker was not
caused by an antibody as suggested by Hellstrom
and Hellstrom but was caused by material(s) under
150,000 kilodaltons molecular weight. In 1982, we
designed a system to semiselectively pherese all mol-
ecules from blood under 120,000 molecular weight.
We used trak etched membranes in a parallel plate
configuration. The membranes employed were made
of polycarbonate and were 5 m in thickness with a
pore size of 0.05 m. The seiving coefficient of albu-
min (69,000 molecular weight) was 40%, and the
sieving coefficient of IgG was 8%. A dialysis ma-
chine was modified to serve as the filtration control-
ler. The process was termed ultrapheresis because it
was not plasmapheresis in the conventional centrifu-
gal drum sense of fractionating blood at the platelet
poor plasma interface and did not deplete blood of
formed elements or clinically significant quantities
of immunoglobulins (150,000–890,000 molecular
weight), clotting factors, or complement.

The procedure was first used on pregnant animals
to test the hypothesis that removal of the blocking
factors would induce labor. Each of 6 pregnant goats
of known gestational age was subjected to 1 ultra-
pheresis procedure. The filtration procedure in the
goat was well tolerated, and no clinically significant
adverse effects were observed. Each subject animal,
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however, did experience the onset of labor at the end
of the procedure. They then proceeded through a
normal labor and delivery and gave birth to normal
products of conception (84).

We then subjected 6 dogs with advanced cancers,
5 with mammary tumors and 1 with osteogenic sar-
coma, to ultrapheresis for the purpose of provoking
an inflammatory response in tumors by the removal
of these blocking factors. After the first procedure,
each dog’s tumor became red, hot, swollen, and ten-
der. After 2–3 procedures, the tumors demonstrated
focal hemorrhagic and coagulative necrosis on bi-
opsy. After 5 procedures, the tumors regressed. Re-
sidual tumor masses were resected and revealed scar
only. The dogs were then observed until death (1–4
years), and none showed recurrence of the cancers.

CLINICAL STUDIES

A Phase 1 study of this procedure was approved
by the United States Food and Drug Administration
(FDA) in 1985 under IDE #G850101 and conducted
at the University of California at Irvine. Each of the
16 human patients with a variety of advanced solid
tumors for whom all conventional treatments had
failed received 12 ultrapheresis procedures over a 1
month period. The procedures were well tolerated.
Brisk tumor inflammation was observed consequent
to the procedure. The amount of ultrafiltrated
plasma removed was 10 cc/kg lean body mass (range:
5–25 cc/kg). This volume was removed 3 times a
week and replaced with an equal volume of ultrafil-
trate prepared from normal fresh frozen plasma ob-
tained through the Red Cross from healthy donors.
The procedure generally required 1 h but ranged
from 30 min to 2 h. This frequency and volume ap-
peared to be sufficient to establish and maintain a
tumor inflammatory response, defined in this study
as heightened or throbbing pain in tumor sites and/
or increased redness, swelling, warmth, aching and
tenderness in cutaneous tumors associated with a
rise in serum C-reactive protein (CRP), and in lac-
tate dehydrogenase (LDH). However, 1 patient with
metastatic melanoma developed tumor specific hem-
orrhagic necrosis after 7 procedures, at volumes of
250 cc per procedure and demonstrated a tumor lysis
syndrome. One patient with metastatic inflammatory
breast cancer required an 8 L exchange in 1 proce-
dure to elicit a tumor inflammatory response.

In this study, clinical response was defined as re-
duction in the sum of diameters of measurable le-
sions. Complete response was defined as resolution
of all palpable disease and radiologically measurable
disease. Partial response was defined as a reduction
of the sum of the diameters of all measurable disease

greater than or equal to 50% or histologic necrosis
and/or reparative fibrosis greater than 50% above
baseline compared to pretreatment histologies.
Minimal response was defined as a less than 50%
reduction of the sum of tumor diameters or evidence
of increased tumor necrosis, but less than 50% over
pretreatment biopsies. Stable disease was defined as
no tumor growth while on protocol when tumor dou-
bling times could be reasonably calculated prior to
treatment.

Tumor redness, tenderness, and swelling occurred
in 14 of the 16 patients. Metastatic foci resolved in 1
patient with metastatic adenocarcinoma of the lung,
2 patients with melanoma, 3 patients with metastatic
breast cancer, and 1 patient with transitional cell car-
cinoma of the bladder who had complete resolution
of dysuria, urinary frequency, and urgency and an
approximately 50% reduction in visible tumors in
bladder mucosa at repeat cystoscopy. Three patients
developed tumor lysis syndrome with complete his-
tologic necrosis, 2 with melanoma and 1 with ana-
plastic Wilm’s tumor. Six of the 16 patients had a
total tumor reduction of 50% or greater. A less than
50% response was observed in 3 of 16 patients, and
stable disease was documented in 2 of 16.

Several patients in this phase of the study had mul-
tiple cutaneous melanomas amenable to repetitive
excisional biopsies. Consistent histologic changes
were observed in this tumor type. Within 24 h of the
first ultrapheresis procedure when tumors were not
yet red or swollen, hypertrophy of the tumor vascu-
lar endothelial cells was observed. This was followed
by a variable amount of perivascular mononuclear
cell “cuffing” and developed within hours of the pro-
cedure at the onset of tumor edema and redness.
Later, lymphocytes were seen infiltrating the tumor
in a centrifugal fashion, producing piecemeal necro-
sis and tumor cell damage characterized by pyknosis
of tumor cell nuclei, coagulative necrosis, and focal
hemorrhagic necrosis of the tumor mass. As tumor
necrosis progressed, the condensation of collagen
was evident with an increase in reticulin staining. In
several cases, this process progressed to complete
scarring of the tumor.

Delayed hypersensitivity, measured by skin reac-
tion to candida, trichophytin, and measles and
mumps antigens, was followed monthly while on the
study. Of 12 patients who were anergic at enroll-
ment, 6 regained skin test positivity to 1 or more of
the antigens tested.

Lymphoid marker determinations were obtained
each month and revealed a relative increase in T4/T8
ratios. This change appeared to be due to a decrease
in T8 lymphocytes as opposed to an increase in T4
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lymphocytes, but the numbers were small, and the
significance is unknown (85).

The FDA subsequently approved additional stud-
ies, which were conducted at National Medical En-
terprises, John F. Kennedy Hospital, Palm Springs,
California, and an additional 64 patients were
treated. Tumor responses were observed in breast
cancer, prostate cancer, melanoma, renal cell cancer,
nonsmall cell lung cancer, ovarian cancer, endome-
trial cancer, Wilm’s tumor, colon cancer, soft tissue
sarcoma, osteogenic carcinoma, and squamous cell
cancers of the head, neck, lung, and uterine cervix.
In the course of these studies, we discovered the
solubilized receptor/inhibitor to TNF itself in the se-
rum and ultrafiltrates of serum of these patients
(23,28,29). This inhibitor neutralizes the cytotoxicity
of killer lymphocytes and macrophages and appears
to be produced and secreted by tumor cells, stromal
cells within tumors, and tumor vascular endothelial
cells. We have also observed this inhibitor to be con-
sistently elevated in gravid sera. Others have since
confirmed these findings and described inhibitors to
IL-1 and IL-6 in the same low molecular weight pro-
tein fraction removed by ultrapheresis. We are cur-
rently working on the identification of a possible
specific inhibitor to gamma-interferon (g-IFN) and a
molecule that appears distinct from the TNF inhibi-
tors that perhaps is involved in interfering with blas-
toid transformation. Each of these molecules is less
than 100,000 kilodaltons and is removed by ultra-
pheresis.

We developed a biologic assay to quantify the
TNF inhibitors, based on their ability to inhibit re-
combinant TNF for killing the L-929 cell in vitro.
This assay was later replaced by the ELISA based
quantitative assay by R&D Systems, Inc., Minneapo-
lis, MN, U.S.A. Using these assays, we demonstrated
a direct correlation between the degree to which
TNFR1 and TNFR2 were lowered and the degree of
clinical tumor regression (86).

The current version of the ultrapheresis system
employs hollow fiber membranes and is considerably
more efficient than earlier versions and columns. We
have completed a pilot study using this method and
system in metastatic melanoma, breast, and colon
cancers and have observed significant responses. Tu-
mor specific inflammation provoked by apheresis of
soluble TNF receptors suggested to us in this study
the possibility that it is feasible to nonspecifically
manipulate existant cell mediated and/or humoral
immunity to achieve a specific tumor response. This
type of tumor specific inflammation, associated with
tumor necrosis in the relative absence of systemic
toxicity, had not been clinically observed in our ear-

lier trials which had attempted to augment tumor
immunity by employing super physiologic doses of
exogenous proinflammatory cytokines. It was our
observation that the apparent disparity between the
predicted and actual postapheresis levels of TNFR1
and -R2 suggests that TNFR2 may be shed to a
greater degree than TNFR1 in the condition of tu-
mor tolerance. We are continuing work on more ef-
ficient ultrapheresis systems and devices to better
control inhibitor concentrations to maximize clinical
efficacy.

Recently, Munn and Mellor reported the discov-
ery of indoleamine 2,3-dioxygenase (IDO), a trypto-
phan catabolizing enzyme expressed by trophoblasts
and macrophages and suggested that the presence of
this enzyme allows the placenta to destroy trypto-
phan, a requisite essential amino acid to the manu-
facture of TNF (88). It would not be unexpected that
this enzyme can be demonstrated in cancer cells.
This suggests yet another possible complementary
mechanism to the evasion of immunosurveillance.

CLINICAL MANAGEMENT OF
AUTOIMMUNE DISEASE

Immunex Pharmaceutical Corporation (Seattle,
WA, U.S.A.) has made a fusion protein consisting of
2 sTNFR2 molecules and an Fc receptor. Trials are
complete which document the ability of this material
to stop inflammation in patients with rheumatoid ar-
thritis, and a dose-response relationship exists
whereby the higher the concentration of inhibitors
infused, the greater the inhibition of arthritis (87).
The finding of decreasing inflammation to altered
native antigen as in rheumatoid arthritis by increas-
ing blood concentrations of TNFR2 is consistent
with our observations of increasing inflammation to
altered native antigen by decreasing TNFR2 concen-
trations by ultrapheresis. Clearly, great caution must
be used when giving these materials in the clinical
management of autoimmune disease, and we must
design a rest period in treatment so that blood levels
can return to normal.

SUMMARY

Our current understanding of how the immune
system reacts to antigen from an inflammatory
standpoint is of a balancing act between the release
and activation of TNF and other proinflammatory
cytokines at one or more sites of antigen presenta-
tion with the production and biologic activation of
their inhibitors. In this model, one can consider can-
cer and pregnancy as conditions in which inhibitor
production and release occurs in that tissue’s micro-
environment in such a way as to produce an abnor-
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mally high local concentration of inhibitors sufficient
to protect the “graph” from a normal host attack.
The genes for this biology are jealously conserved,
possibly so that we can reproduce the way we do and
live as long and successfully as we do, not so that we
can tolerate cancers.

It now seems clear that soluble inhibitors of cel-
lular immunity, specifically inhibitors of proinflam-
matory cytokines, are active in those clinical states in
which antigenic tissues are tolerated by a seemingly
intact immune system. There is no longer any doubt
that inflammation can be upregulated by removing
these inhibitors, and if the removal is sufficient, can-
cers can be destroyed. Similarly, pathogens and
those antigens which characterize them immunologi-
cally can be the target of a more efficient, upregu-
lated, immunologic/inflammatory response so that a
state of tolerance to foreignness can be reversed. It is
our belief and understanding based on our clinical
and scientific work that complete tumor destruction
is possible through this means and holds the added
potential for the development of cellular memory
post tumor kill that could decrease the potential for
tumor recurrence. These goals should be the major
focus for future cancer research.

Acknowledgment: The author wishes to gratefully ac-
knowledge Jennifer Camp Lentz for her assistance in the
writing of this article and for her critical editorial review.

REFERENCES
1. Lentz MR. Phylogeny of Oncology. J Mol Biol Ther 1990;2:

137–43.
2. Bellanti JA, Rocklin RE. Cell-mediated immune reactions.

In: Bellanti JA, ed. Immunology III. Philadelphia: WB Saun-
ders, 1985:176–88.

3. DeVita V, Hellman S, Rosenberg S. Cancer: Principles and
practice of oncology. New York: Lippincott, 1993.

4. Whittaker MG, Rees K, Clark CG. Reduced lymphocyte
transformation in breast cancer. Lancet 1971;1:892–3.

5. Suciu-Foca N, Buda J, McManus J, Theim J, Reemtsma K.
Impaired responsiveness of lymphocytes and serum inhibitory
factors in patients with cancer. Cancer Res 1973;33:2373–7.

6. Leichtenstein MR. Tuberculin reaction to tuberculosis during
pregnancy. Am Rev Tuberc 1942;46:89–92.

7. Rosenstein RW, Murray JH, Cone RE, Ptak W, Iverson GM,
Gershon RK. Isolation and partial characterization of antigen
specific T cell factor associated with the suppression of de-
layed type hypersensitivity. Proc Natl Acad Sci USA 1981;78:
5821–5.

8. Baldwin RW, Price MR, Robins RA. Blocking of lymphocyte
mediated cytotoxicity for rat hepatoma cells by tumor specific
antigen antibody complexes. Nature (Nu Biol) 1972;238:
185–6.

9. Hellstrom KE, Hellstrom I. Lymphocyte mediated cytotoxic-
ity and blocking serum activity to tumor antigens. Adv Im-
munol 1974;18:209–77.

10. Murray E, Ruygrok S, Milton GW, Hersey P. Analysis of
serum blocking factors against leukocyte dependent antibody
in melanoma patients. Int J Cancer 1978;21:578–87.

11. Sample WF, Gertner HR Jr, Chretein PB. Inhibition of phy-
tohemagglutinin induced in vitro lymphocyte transformation
by serum from patients with carcinoma. JNCI 1971;46:1291–7.

12. Hess AD, Gaul JA, Dawson JR. Partial purification and char-
acterization of lymphocyte inhibitory factor (S) in ascitic flu-
ids from ovarian cancer patients. Cancer Res 1980;40:1842–51.

13. Broder S, Waldmann TA. The suppressor cell network in
cancer, Part 2. New Engl J Med 1978;299:1335–41.

14. DeLustro F, Argyris BF. Mastocytoma mediated suppression
of mixed lymphocyte culture in mitogen responsiveness. Cell
Immunol 1976;21:177–84.

15. Kamo I, Patel C, Kately J, Friedman H. Immunosuppression
induced in vitro by mastocytoma tumor cells in cell free ex-
tracts. J Immunol 1975;114:1749–56.

16. Nelson M, Nelson DS. Macrophages and resistance to tumors.
Inhibition of delayed type hypersensitivity reactions by tumor
cells and by soluble products affecting macrophages. Immu-
nology 1978;34:277–90.

17. McCarthy RE, Coffin JN, Gates SL. Selective inhibition of
the secondary immune response to mouse skin allographs by
cell free Ehrlich ascites carcinoma fluid. Transplantation 1968;
6:737.

18. Murgita RA, Tomasi TB Jr. Suppression of the immune re-
sponse by alpha fetoprotein on the primary and secondary
antibody responses. J Exp Med 1975;141:269–86.

19. Vanky F, Klein E, Stjernsward J, Trempe G. Lymphocyte
stimulation by autologous tumor cells in the presence of se-
rum from the same patient or from healthy donors. Int J Can-
cer 1975;16:850–60.

20. Kalish R, Brody NI. Increased incidence of tumor takes to B
16 melanoma on C57BL/6J mice injected with B 16 products.
J Invest Dermatol 1980;75:275–8.

21. Yachnin S, Lester E. Inhibition of human lymphocyte trans-
formation by human alpha fetoprotein (HAFP); comparison
of fetal and heptoma (HAFP) and kinetic studies in vitro
immunosuppression. Clin Exp Immunol 1976;26:484–90.

22. Werkmeister J, Phillips G, McCarthy W, Hersey P. Suppres-
sor cell activity in melanoma patients. II. Concavalin A in-
duced suppressor cells in relation to tumor growth and sup-
pressor cells subsets. Int J Cancer 1981;28:11–5.

23. Lentz MR, Gatanaga T, Wang C. Purification and character-
ization of inhibitor (soluble tumor necrosis factor receptor)
for tumor necrosis factor and lymphotoxin obtained from the
serum ultrafiltrates of human cancer patients. Proc Natl Acad
Sci USA 1990;87:8781–4.

24. Kasakura S. Heterogeneity of blastogenic factors produced in
vitro by antigenetically stimulated and unstimulated lympho-
cytes. J Immunol 1970;105:1162–7.

25. Gleichner N, Siegel I. Common denominators of pregnancy
malignancy. In: Gleichner N, ed. Reproductive immunology.
New York: Liss, 1981:229–56.

26. Muchmore AV, Decker JM. Uromodulin: A unique 85 kilo-
dalton immunosuppressant glycoprotein isolated from the
urine of pregnant women. Science 1985;229:479–81.

27. Olsson I, Lantz M, Nillson E. Isolation and characterization of
tumor necrosis factor binding protein from urine. Eur J He-
matol 1989;42:270–5.

28. Lentz MR, Gatanaga T, Granger GA. Identification of TNF-
LT blocking factor in serum and ultrafiltrates of human can-
cer patients. Lymphok Res 1990;9(2):225–9.

29. Schall TJ, Lentz MR. Molecular cloning and expression of
receptor for human tumor necrosis factor. Cell 1990;61:
361–70.

30. Beutler B, Cerami A. Tumor necrosis, cachexia, shock, and
inflammation: A common mediator. Ann Rev Biochem 1988;
57:505–18.

31. Vilcek J, Lee TH. Tumor necrosis factor: New insights into
the molecular mechanisms of its multiple actions. J Biol Chem
1991;26:7313–6.

32. Dembic Z, Loetscher H, Gubler U, Pan YC, Lahm HW,
Gentz R, Brockhaus M, Lesslauer W. Two human TNF re-
ceptors have similar extracellular, but distinct intracellular,
domain sequences. Cytokine 1990;2(4):231–7.

IMMUNOSUPPRESSION THERAPY 47

Therapeutic Apheresis, Vol. 3, No. 1, 1999



33. Tartaglia LA, Geoddel DV. Two TNF receptors. Immunol
Today 1992;13:151–3.

34. Loetscher H, Pan YC, Lahm HW, Gentz R, Brockhaus M,
Tabuchi H, Lesslauer W. Molecular cloning and expression of
the human 55 kd tumor necrosis factor receptor. Cell
1990;20(6):351–9.

35. Seckinger P, Isaaz S, Dayer JM. Purification and biologic
characterization of a specific tumor necrosis factor alpha in-
hibitor. J Biol Chem 1989;2640(20):11966–73.

36. Engelman H, Novick D, Wallach D. Two tumor necrosis fac-
tor-binding proteins purified from human urine. Evidence for
immunological cross-reactivity with cell surface tumor necro-
sis factor receptors. J Biol Chem 1990;265(3):1531–6.

37. Aderka D, Engelmann H, Shemer-Avni Y, Hornik V, Galil
A, Sarov B, Wallach D. Variation in serum levels of the
soluble TNF receptors among healthy individuals. Lymphok
Cytok Res 1992;11(3):157–59.

38. Chouaib S, Branellec D, Buurman WA. More insights into the
complex physiology of TNF. Immunol Today 1991;12(5):
141–2.

39. Austgulen R, Liabakk NB, Brockhaus M, Espevik T. Soluble
TNF receptors in amniotic fluid and in urine from pregnant
women. J Reprod Immunol 1992;22(2):105–16.

40. Van Zee KJ, Kohno T, Fischer E, Rock CS, Moldawer LL,
Lowry SF. Tumor necrosis factor soluble receptors circulate
during experimental and clinical inflammation and can pro-
tect against excessive tumor necrosis factor alpha in vitro and
in vivo. Proc Natl Acad Sci USA 1992;89(11):4845–9.

41. Girardin E, Roux-Lombard P, Grau GE, Suter P, Gallati H,
Dayer JM. Imbalance between tumor necrosis factor-alpha
and soluble TNF receptor concentrations in severe meningo-
coccaimia. The J5 Study Group. Immunology 1992;766(1):
20–3.

42. Kalinkovich A, Engelmann H, Harpaz N, Burstein R, Barak
V, Kallckman I, Wallach D, Bentwich Z. Elevated serum lev-
els of soluble tumor necrosis factor receptors (sTNFs) in
patients with HIV infection. Clin Exp Immunol 1992;89(3):
351–5.

43. Andus T, Gross V, Holstege A, Ott M, Weber M, David M,
Gallati H, Gerok W, Scholmerich J. High concentrations of
soluble tumor necrosis receptors in ascites. Hepatology
1992;16(3):749–55.

44. Spinas GA, Keller U, Brockhaus M. Release of soluble re-
ceptors for tumor necrosis factor (TNF) in relation to circu-
lating TNF during experimental endotoxinemia. J Clin Invest
1992;90(2):533–6.

45. Porteu F, Nathan C. Shedding of tumor necrosis factor recep-
tors by activated human neutrophils. J Exp Med 1990;172(2):
590–607.

46. Pusztai L, Clouse LM, Cooper K, Starkey PM, Lewis CE,
McGee JO’D. Expression of tumour necrosis factor a and its
receptors in carcinoma of the breast. Br J Cancer 1994;70:
289–92.

47. Aderka D, Engelmann H, Kushtai G. Increased serum levels
of soluble receptors for tumor necrosis factor in cancer pa-
tients. Cancer Res 1991;51:5602–7.

48. Langkopf F, Atzpodien J. Soluble tumor necrosis factor re-
ceptors as prognostic factors in cancer patients. Lancet 1994;
344:57–8.

49. Dinarello CA. Interleukin-1 and interleukin-1 antagonism.
Blood 1991;77:1627.

50. Sims JE, Gayle MA, Slack JL, Alderson MR, Bird TA, Giri
JG, Colotta F, Re F, Mantovani A, Shamebeck K, Gabstein
KH, Dower SK. Interleukin-1 signaling occurs exclusively via
the type I receptor. Proc Natl Acad Sci 1993;90:6155–9.

51. Stylianou E, O’Neill LA, Rawlinson L, Edbrooke MR, Woo
P, Saklatvola J. Interleukin-1 induces NF-kappa B through its
type I but next its type type II receptor in lymphocytes. J Biol
Chem 1992;267:15836–41.

52. Giri JG, Newton RC, Horuk R. Identification of soluble in-
terleukin-1 binding protein in cell-free supernatants. Evi-

dence for soluble interleukin-1 receptor. J Biol Chem 1990;
265:17416–9.

53. Symons JA, Eastgate JA, Duff GW. Purification and charac-
terization of a novel soluble receptor for interleukin-1. J Exp
Med 1991;164:1251–4.

54. Seckinger P, Lowenthal JW, Wiliamson K, Dayer JM, Mac-
Donald JR. Inhibitor in urine of interleukin-1 activity that
blocks ligand binding. J Immunol 1987;139:1546–9.

55. Mazzei GJ, Seckinger PL, Dayer JM, Shaw AR. Purification
and characterization of a 26-kDa competetive inhibitor of in-
terleukin-1. J Immunol 1990;20:683–9.

56. Hannum CJ, Wilcox CJ, Arend WP, Joslin FG, Dripps DJ,
Heindal PL, Armes LG, Somner A, Eisenberg SP, Thompson
RC. Interleukin-1 receptor antagonist activity of a human in-
terleukin-1 inhibitor. Nature 1990;343:336–40.

57. Eisenberg SP, Evan RD, Arend WP, Verderber E, Brewer
MT, Hannum CH, Thompson RC. Primary structure and
functional expression from complementary DNA of a human
interleukin-1 receptor antagonist. Nature 1990;343:341–6.

58. Dripps DJ, Brandhuber BJ, Thompson RC, Eisenberg SP.
Interleukin-1 (IL-1) receptor antagonist binds to the 80-kDa
IL-1 receptor but does not initiate IL-1 signal transduction. J
Biol Chem 1991;266:10331–6.

59. Granowitz EV, Clark BD, Mancilla J, Dinarello CA. Inter-
leukin-1 receptor antagonist competetively inhibits the bind-
ing of interleukin-1 to the type II interleukin-1 receptor. J
Biol Chem 1991;266:14147–50.

60. Muzio M, Re F, Sironi M, Polentarutti N, Minty A, Caput D,
Ferrara P, Mantovani A, Colatta F. Interleukin-1 induces the
production of interleukin-1 receptor antagonist (IL-1ra) and
the expression of the RNA for the introcellular (keratinocyte)
form of IL-1ra in human myelomonocytic cells. Blood
1994;83(7):1738–43.

61. Janson RW, Hance KR, Arend WP. Production of IL-1 re-
ceptor antagonist by human in vitro derived macrophages.
Effects of lipopolysaccharide and granulocyte-macrophage
colony stimulating factor. J Immunol 1991;147:4218–23.

62. Krzesicki RF, Hatfield CA, Bienkowski MJ, McGuire JC,
Winterrowed GE, Chapman DL, Berger AE, McEwan RN,
Carter DB, Chosay JG, Tracey DE, Chin JE. Regulation of
expression of IL-1 receptor antagonist protein on human sy-
novial and dermal fibroblasts. J Immunol 1993;150:4008.

63. Tilg H, Trehw E, Atkins MB, Dinarello CA, Mier JW. Inter-
leukin-6 (IL-6) as an anti-inflammatory cytokine induction of
circulating IL-1 receptor antagonist and soluble tumor necro-
sis factor receptor p 55. Blood 1994;83:113.

64. Vannier E, Miller LC, Dinarello CA. Coordinated anti-
inflammatory effects in interleukin 4: Interleukin 4 suppresses
interleukin-1 production but up-regulates gene expression
and synthesis of interleukin-1 receptor antagonist. Proc Natl
Acad Sci 1992;89:4076–80.

65. Tilg H, Mier JW, Vogel W, Aulitzky WE, Wiedermann CJ,
Vannier E, Huber C, Dinarello CA. Induction of circulating
IL-1 receptor antagonist by IFN treatment. J Immunol 1993;
150:4687.

66. McColl SR, Paquin R, Menard C, Beaulien AD. Human neu-
trophils produce high levels of the interleukin-1 receptor an-
tagonist in response to granulocyte/macrophage colony-
stimulating factor and tumor necrosis factor alpha. J Exp Med
1992;176:593–8.

67. Wahl SM, Costa GL, Corcoran M, Wahl LM, Berger AE.
Transforming growth factor-beta mediates IL-1 dependent in-
duction of IL-1 receptor antagonist. J Immunol 1993;150:
3553–60.

68. Dinarello CA, Thompson RC. Blocking IL-1: Interleukin-1
receptor antagonist in vivo and in vitro. Immunol Today 1991;
12:404–10.

69. Dinarello CA, Wolff SM. The role of interleukin-1 in disease.
New Engl J Med 1993;328:106–13.

70. Ohisson K, Bjork P, Bergenfeldt M, Hageman R, Thompson

M.R. LENTZ48

Therapeutic Apheresis, Vol. 3, No. 1, 1999



RC. Interleukin-1 receptor antagonist reduces mortality from
endotoxin shock. Nature 1990;348:550–2.

71. Cominell F, Nast CC, Clark BD, Schindler R, Lierena R,
Eysselein VE, Thompson RC, Dinarello CA. Interleukin-1
(IL-1) gene expression, synthesis, and effect of specific IL-1
receptor blockade in rabbit immune complex colitis. J Clin
Invest 1990;86:972–80.

72. Ferreti M, Casini-Raggi V, Pizarro TT, Eisenberg SP, Nast
CC, Cominelli F. Neutralization of endogenous IL-1 receptor
antagonist exacerbates and prolongs inflammation in rabbit
immune cells. J Clin Invest 1994;94:449–53.

73. Ramilo O, Saez-Lorens X, Mertsola J, Jafari H, Olsen KD,
Hansen EJ, Yoshinaga M, Ohkawara S, Nariuchi H, Mc-
Crocken GH Jr. Tumor necrosis factor alpha/cachectin and
interleukin-1 beta initiate meningeal inflammation. J Exp
Med 1990;172:497–501.

74. Antin JH, Weinstein HJ, Guinan EC, McCarthy P, Bierer BE,
Gilliland DG, Parsons SK, Ballen KK, Rimm IJ, Falzarano G,
Blacedow DC, Abate L, Lebsack M, Burakoff SJ, Ferrara
JLM. Recombinant interleukin-1 receptor antagonist in the
treatment of steroid-resistant graft-versus-host disease. Blood
1994;84:1342–8.

75. Van Snik J. Interleukin-6: An overview. Annu Rev Immunol
1990;8:253–78.

76. Hirano T, Kishimto T. Interleukin-6. In: Sporn MB, Roberts
AB, eds. Peptide growth factors and their receptors. New
York: Springer-Verlag, 1990:663–5.

77. Hirano T, Akira S, Taga T, Kishimoto T. Biological and clini-
cal aspects of interleukin-6. Immunol Today 1990;11:443–9.

78. Yamasalki K, Taga T, Hirata T, Yawata T, Kawanishi Y,
Zeed B, Taniguchi T, Hirano T, Kishimoto T. Cloning and
expression of the human interleukin-6 (BSF-2/IFN beta 2)
receptor. Science 1988;241:825–8.

79. Baumann M, Baumann H, Fey GH. Molecular cloning, char-
acterization and functional expression of the rat liver inter-
leukin-6 receptor. J Biol Chem 1990;265:19853–62.

80. Hibi M, Murakami M, Saito M, Hirano T, Taga T, Kishimoto
T. Molecular cloning and expression of an IL-6 transducer,
GP130. Cell 1990;63:1149–57.

81. Schooltink H, Stoyan T, Lenz D, Schmitz H, Hirano T, Kishi-
moto T, Heinrich PC, Rose-John S. Structural and functional
studies on the hepatic interleukin-6 receptor. Molecular clon-
ing and overexpression in HepG2 cells. Eur J Biochem 1991;
277:659–64.

82. Nakajima T, Yamamoto S, Cheng M, Yasukawa K, Hirano T,
Tokunaga T, Honda M. Soluble interleukin-6 receptor is re-
leased from receptor-bearing cell lines in vitro. Jpn J Cancer
Res 1990;83:373–78.

83. Honda M, Yamamoto S, Cheng M, Yasukawa K, Suzuki H,
Saito T, Osugi Y, Takunaga T, Kishimoto T. Human soluble
IL-6 receptor: Its detection and enhanced release by HIV
infection. J Immunol 1992;148:2175–80.

84. Lentz MR, Saltonstahl W. Apheresis of low molecular weight
protein fraction and the onset of labor. J Clin Apheresis 1990;
5:62–7.

85. Lentz MR. Continuous whole blood ultra phereis procedure
in patients with metastatic cancer. J Biol Resp Modif 1989;8:
511–27.

86. Lentz MR, Hubbard W, Fischer C. Low molecular weight
protein apheresis and regression of breast cancer. Jpn J
Apheresis 1997;16(1):107–14.

87. Moreland LW, Baumgartner SW, Schiff MH, Tindall EA,
Fleischmann RM, Weaver AL, Ettlinger RE, Cohen S, Koop-
man WJ, Mohler K, Widmer MB, Blosch CM. Treatment of
rheumatoid arthritis with a recombinant human tumor necro-
sis factor receptor Fc- fusion protein. New Engl J Med 1997;
337:141–7.

88. Murmn DH, Zlow M, Attwood JT, Mellor AL. Prevention of
allogeneic fetal rejection by tryptophan calatrolesion. Science
1998;281:191–3.

IMMUNOSUPPRESSION THERAPY 49

Therapeutic Apheresis, Vol. 3, No. 1, 1999


