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Abstract
Synopsis—Reports that elasmobranchs (sharks, skates, and rays) may have a low incidence of
disease have stimulated interest in understanding the role of their immune system in this apparent
resistance. Although research in this area may potentially translate into applications for human health,
a basic understanding of the elasmobranch immune system components and how they function is
essential. As in higher vertebrates, elasmobranch fishes possess thymus and spleen, but in the absence
of bone marrow and lymph nodes, these fish have evolved unique lymphomyeloid tissues, namely
epigonal and Leydig organs. As conditions for short-term culture of elasmobranch immune cells have
become better understood, the opportunity to examine functional activity of cytokine-like factors
derived from conditioned culture medium has resulted in the identification of growth inhibitory
activity against a variety of tumor cell lines. Specifically, the medium enriched by short term culture
of bonnethead shark (Sphyrna tiburo) epigonal cells (epigonal conditioned medium, ECM) has been
shown to inhibit the growth of mammalian tumor cell lines, including fibrosarcoma (WEHI-164),
melanoma (A375.S2), B-cell lymphoma (Daudi), T-cell leukemia (Jurkat), pancreatic cancer
(PANC-1), ovarian cancer (NIH:OVCAR-3), and three breast carcinoma cell lines (MCF7, HCC38,
Hs578T). Of the cell lines tested, WEHI-164, A375.S2, Daudi, and Jurkat cells were among the most
sensitive to growth inhibitory activity of ECM whereas PANC-1 and NIH:OVCAR-3 cells were
among the least sensitive. In addition, ECM demonstrated preferential growth inhibition of malignant
cells in assays against two different malignant/non-malignant cell line pairs (HCC38/HCC38 BL and
Hs 578T/Hs 578Bst). Separation of protein components of ECM using SDS-PAGE resulted in a very
reproducible pattern of three major bands corresponding to molecular sizes of approximately 40–42
kD, 24 kD, and 17 kD. Activity is lost after heating at 75°C for 30 min, and can be diminished by
treatment with proteinase K and protease. Activity is not affected by treating with trypsin, DNase I
or RNase A.

Introduction
Studies in the field of ecological immunology, which focuses on examining immune function
in the context of evolution and ecology, can have significant implications for public health.
Much can be learned from immune defense mechanisms of non-traditional animal models. In
fact, reliance on traditional animal models may actually lead to inaccurate assessments of risk
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in others species, including humans (Haley 2003; Levin and others 2005a,5b; Mori and others
2006).

Elasmobranch fish, which include the sharks, skates, and rays, have many advantages as animal
models for biomedical research, as described by Luer (1989). Public health implications of
elasmobranch-derived substances have increased in scope and number over the past two
decades, with many researchers exploring components of the elasmobranch immune system
for compounds which may have implications for public health. Through these efforts, several
compounds from shark tissues have demonstrated cytotoxic activity against tumor cells
(Snodgrass and others 1976; Pettit and Ode 1977), antiangiogenic activity (Lee and Langer
1983; Luer 1986; Moriarty and others 1995; Sadownik and others 1995; Sills and others
1998; Cho and Kim 2002; Li and others 2002), and antibiotic activity (Moore and others
1993).

Elasmobranchs fill a unique immunological niche in that they are phylogenetically the most
primitive group of vertebrates to possess all the components necessary for an adaptive immune
system (Litman and others 1999; Flajnik and Rumfelt 2000). Cartilaginous fishes are the most
primitive vertebrates with immunoglobulin (Ig) (Marchalonis and Edelman 1965; Kokubu and
others 1988a,1988b; Anderson and others 1999), T-cell receptors (TCR) (Rast and others
1997), the major histocompatibility complex (MHC) (Kasahara and others 1992; Bartl and
Weissman 1994; Bartl and others 1997), RAG-mediated rearrangement, somatic
hypermutation, and the presence of primary and secondary lymphoid tissues as components of
the immune system (reviewed by Flajnik and Rumfelt 2000). Elasmobranchs lack both bone
marrow and a true lymphatic system, but have evolved specific lymphomyeloid tissues that
play significant roles in immune system development and function (reviewed in Luer and others
2004). Lymphomyeloid sites unique to this subclass of fish include the epigonal and Leydig
organs, associated with the gonads and the esophagus, respectively. The epigonal and Leydig
organs are thought to be vital in generating the immune repertoire in chondrichthyan fishes
(Walsh and others 1993; Miracle and others 2001; Luer and others 2004) and express high
levels of RAG and TdT, indicating that these tissues are primary lymphoid organs (that is, bone
marrow equivalents) in cartilaginous fishes (Miracle and others 2001; Rumfelt and others
2002). Such unique lymphomyeloid sites in elasmobranchs may represent a site of novel
immune regulators.

As in higher vertebrates, the regulation of elasmo-branch immune responses likely involves
intercellular signaling molecules such as cytokines. To date, only a few cytokine genes have
been identified in cartilaginous fish, and include IL-1β (Bird and others 2002) and IL-8 (Inoue
and others 2003). Developments in the ability to culture lymphoid cells isolated from
chondrichthyan fishes (Walsh and Luer 1998) led to a search for cytokines produced by shark
immune cells in culture. In screening for cytokine-like bioactivity, short-term cultures of
immune cells from several shark and skate species were examined for growth inhibitory activity
against mammalian tumor cell lines. Media conditioned by cultures of epigonal tissue from
bonnethead sharks (Sphyrna tiburo) contained the most reproducible and most potent growth
inhibitory activity. This paper summarizes this bio-activity as it relates to relative potency and
specificity against a variety of clinically relevant mammalian tumor cell lines.

Materials and methods
Culture of elasmobranch epigonal cells

Epigonal organs were collected from mature bonnet-head sharks (S. tiburo) under aseptic
conditions and rinsed thoroughly with sterile elasmobranch-modified phosphate buffered
saline (E-PBS; Walsh and Luer 2004). Gonadal tissue remaining with the epigonal organ was
removed by careful dissection. To express the cells, epigonal tissue was finely minced and
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placed into 75 mm2 sterile tissue culture flasks (Falcon). Epigonal cells were resuspended in
sterile elasmobranch-modifed RPMI (E-RPMI), prepared as described in Walsh and Luer
(2004). DNase I (Sigma Chemical Co, St Louis, MO) was added to a final concentration of 15
U/ml, and epigonal cells were cultured at 25°C and 5% CO2 for 2–4 days. In some of the
studies, bonnethead shark spleen cells were isolated and cultured under the same conditions.

Preparation of epigonal conditioned medium (ECM)
After 2–4 days of culture, cell-free-ECM was prepared by aspirating the culture supernatants,
centrifuging the supernatants twice at 20,000 g for 25 min at 4°C, and dialyzing them against
several changes of 50 mM ammonium bicarbonate at 4°C for 4–5 days using 6–8000 MWCO
dialysis tubing (Spectrum). Dialyzed conditioned media preparations were lyophilized and
stored at −80°C. Protein concentration of ECM was determined using the Bradford assay
(BioRad) and approximate molecular weights of ECM protein components were determined
using SDS–PAGE.

Tumor cell lines
Cell lines were obtained from the American Type Culture Collection (ATCC; Manasass, VA)
and were maintained according to requirements specific for each cell line. The cell lines that
were tested and the corresponding tissue origins for each cell line are listed in Table 1. The
cell lines used included WEHI-164, A375.S2, Jurkat, PANC-1, NIH:OVCAR-3, MCF7, and
Daudi, as well as two malignant/non-malignant cell line pairs, HCC38/HCC38 BL and Hs
578T/Hs 578Bst. These cell lines were selected in order to encompass a broad range of tumor
types, including cell lines originating from a variety of tissues as well as from both hard and
soft tumors. Additionally, malignant/non-malignant cell line pairs were chosen in order to
assess the effects of ECM on non-malignant pheno-types. Cells were cultured in 96-well
microtiter plates (Costar). Original seeding density varied with cell line type, and was
dependent on individual cell line requirements.

Growth inhibition assay
Growth inhibitory activity of ECM against cell lines was assessed using 1-(4,5-
Dimethylthiazol-2-yl)-3,5-diphenylformazan (MTT) (Mosmann 1983). ECM samples were
resuspended in the cell culture medium specific for each cell line at a concentration of 4 mg/
ml and filter-sterilized through a 0.2 µm syringe filter. Cells were co-cultured with ECM in
concentrations ranging from 0.25 to 2 mg/ml for 72 h at 37°C, 5% CO2 in a humidified
atmosphere. After 72 h incubation, 100 µl supernatant was removed from each well. MTT, 25
µl of 5 mg/ml stock solution prepared in PBS, was added to each well and microtiter plates
were returned to the incubator for 4 h. After 4 h, 100 µl of a solubilizing solution (0.1 N HCl,
10% SDS) was added to each well and the plates were incubated overnight at 37°C. After
incubation overnight, MTT conversion was measured using a microplate reader (BioRad
Model 550) with absorbance measured at 570 nm minus background absorbance at 630 nm.
Percent growth inhibition was calculated using the following formula: %GI = (CTL
Abs570–630 − TRT Abs570–630)/CTL Abs570–630 × 100.

Enzyme treatments
Experiments to assess the effects of nucleases and proteolytic enzymes on ECM activity
evaluated growth inhibition of malignant melanoma cell line A375.S2, using ECM that had
been treated with deoxyribonuclease I (DNase I, EC 3.1.21.1), ribonuclease A (RNase A, EC
3.1.27.5), protease (Type VIII-A, EC 3.4.21.14), proteinase K (EC 3.4.21.64), or trypsin (EC
3.4.21.4). All enzymes were purchased from Sigma Chemical Co, and with the exception of
DNase I, all enzymes were immobilized on agarose beads. Prior to use, beads were washed
twice with sterile water by centrifuging at 500 g for 10 min at 4°C, followed by two washes
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with the cell culture medium used for culturing cell line A375.S2 (Eagle’s Minimal Essential
Medium, MEM). Protein concentrations of bovine serum albumin (Sigma) as a control for
proteolytic digestion and ECM were adjusted to 6 mg/ml. An equal volume of ECM and
immobilized enzyme on agarose beads in cell culture media was used for each digestion. Final
concentrations of the enzyme treatments were 20 U/ml DNase I, 250 µg/ml RNase A, 1 U/ml
protease, 5 U/ml proteinase K, and 10 U/ml trypsin. Enzyme treatments were performed
overnight at 37°C with gentle rocking, with total protein remaining in enzyme-treated BSA
controls and ECM determined using the Bradford assay. Complete digestion of BSA occurred
with all proteolytic enzyme treatments. No digestion of BSA occurred with DNase or RNase.

Statistical analyses
Statistical analyses were performed using Sigma-Stat Version 2.03. For all data, means ± SEM
are presented. Data that passed tests for both normality and equal variance were analyzed using
either one-way analysis of variance (ANOVA) or Student’s t-test. Data that did not satisfy
requirements for normality and equal variance were analyzed using either non-parametric rank
sum test or one-way ANOVA on Ranks. P-values less than 0.05 were considered significant.

Results
Growth inhibitory activity of ECM was assessed against nine cell lines of various tumor origins
and two non-malignant cell lines. Growth inhibition of seven tumor cell lines as a function of
ECM protein concentration is shown in Figure 1. Three of the dose–response curves include
data for growth inhibition resulting from co-culture with spleen conditioned media (SCM).
Little or no inhibitory activity of tumor cell growth was apparent in SCM. As a result, SCM
has become useful as negative control material for ECM activity.

Each cell line tested responded differently to treatment with ECM. Treatment of a cell line
derived from mouse fibrosarcoma, WEHI 164, with 0.5 mg/ml ECM (Figure 1A) resulted in
a growth inhibition of ~85%. Increasing the ECM protein concentration to 1.0 and 2.0 mg/ml
resulted in 92 and 94% growth inhibition, respectively. Bioactivity of ECM against malignant
melanoma (A375.S2) cells (Figure 1B) increased more gradually, with 32% growth inhibition
when cells were treated with 0.5 mg/ml and 65 and 82% growth inhibition in response to
treatment with 1.0 and 2.0 mg/ml, respectively. A markedly different pattern of growth
inhibition was observed when cells derived from an ovarian cancer (NIH:OVCAR-3) were
treated with ECM (Figure 1C). Very little (<10%) growth inhibition was observed in response
to treatment with ECM in the concentration range of 0.25–1.0 mg/ml protein and only 33%
growth inhibition in response to treatment with ECM at 2.0 mg/ml protein concentration.
Growth inhibition of a pancreatic cancer cell line, PANC-1, is shown in Figure 1D. When these
cells were treated with ECM, ~27% cytotoxicity was observed in response to 0.5 mg/ml protein,
49% cytotoxicity was observed in response to 1.0 mg/ml protein, and 56% cytotoxicity was
observed in response to 2.0 mg/ml protein. Inhibition of the growth of a T-lymphocyte leukemic
cell line (Jurkat E-6; Figure 1E) resulted in a similar growth inhibition pattern compared to
WEHI cells in which near maximal growth inhibition was reached in response to 0.5 mg/ml
protein (58% growth inhibition).

Activity of ECM against two cell lines originating from soft tumors, a T-cell leukemia (Jurkat)
and a Burkitt’s lymphoma (Daudi), was also examined. Treatment of Jurkat cells with 1.0 and
2.0 mg/ml protein resulted in 58 and 63% growth inhibition, respectively. With the Daudi cell
line, almost 100% inhibition of cell growth was observed (Figure 1F) following treatment with
ECM at 0.5 and 1.0 mg/ml protein.

Figure 1G shows the growth inhibition of a breast carcinoma cell line, MCF7, in response to
treatment with ECM. Approximately 40% growth inhibition resulted from treatment with 0.5
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mg/ml, 50% growth inhibition resulted from treatment with 1.0 mg/ml, and 60% growth
inhibition resulted from treatment 2.0 mg/ml ECM.

To support the growth inhibition data obtained using the MTT assay, photomicrographs
depicting growth properties and cell morphologies of two tumor cell lines, A375.S2 and MCF7,
following culture in the presence and absence of ECM are shown in Figure 2. Untreated
A375.S2 cells (Figure 2A) displayed growth characteristics typical of this cell line including
confluence, adherence, and an elongated appearance. Following 48 h of incubation with ECM,
A375.S2 cells had lost their characteristic growth properties and had become dramatically
fewer in number, detached, and rounded up (Figure 2B). Untreated MCF7 cells (Figure 2C)
displayed growth characteristics typical of this cell line including both suspended and adherent
cells, primarily as three-dimensional clusters or aggregates that reached 70–80% confluence.
Following co-culture with ECM for 48 h, MCF7 cells had lost their characteristic growth
properties, aggregates were decreased in size and number, and cells appeared granular and
somewhat crenated (Figure 2D). Moreover, growth inhibitory effects of ECM appeared to be
permanent, since normal growth of cell lines could not be reestablished even after washing the
inhibited cells with fresh culture medium.

As a way to assess relative potency and specificity of activity, growth inhibition of 11 tumor
cell lines by ECM at a protein concentration of 1.0 mg/ml is shown in Table 1. At this protein
concentration, growth inhibitory activity ranged from ~5% in the least sensitive cell line
(NIH:OVCAR-3) to >90% in the most sensitive cell lines (WEHI 164 and Daudi). The
fibrosarcoma (WEHI 164) cell line was consistently the most sensitive (93% inhibition),
followed by the B cell lymphoma (Daudi; 92%), malignant melanoma (A375.S2; 66%), T cell
leukemia (Jurkat; 58%), and pancreatic carcinoma (PANC-1; 49%). Of the three breast
carcinoma cell lines, MCF-7 was more sensitive (52%) than either Hs 578T (27%) or HCC38
(26%). The ovarian carcinoma (NIH:OVCAR-3) cell line (5%) and the two non-malignant cell
lines, normal lymphoblastoid (HCC38 BL; 15%) and normal breast cells (Hs 578Bst; 16%)
were the least sensitive.

In an effort to compare relative susceptibility of tumor cell lines versus normal cell lines, two
different malignant/non-malignant cell line pairs were co-cultured with ECM. Results from
these growth inhibitory studies are shown in Figure 3 and Table 1. Inhibition of HCC38
(malignant breast) by ECM was significantly greater (P < 0.05) than inhibition of HCC38 BL
(normal lymphoblastoid) at 0.5, 1.0, and 2.0 mg/ml protein, while inhibition of Hs 578T
(malignant breast, ductal) was significantly greater (P < 0.05) than inhibition of Hs 578Bst
(normal breast) only at 2.0 mg/ml protein. Growth inhibition by bonnethead shark SCM was
minimal against either of the cell line pairs (data not shown).

Separation of protein components of ECM using SDS–PAGE resulted in a very reproducible
pattern of three major bands corresponding to molecular sizes of ~40–42, 24, and 17 KD (Figure
4). Protein profiles of conditioned media from spleen and peripheral blood leukocytes (PBL)
had very little similarity to the protein profile of ECM. In addition, as shown in Figure 1,
supernatants of conditioned media from short-term culture of S. tiburo spleen cells did not
demonstrate appreciable inhibition of tumor cell growth.

Effects of temperature and enzyme treatment on the bioactivity of ECM are shown in Figure
5–Figure 7. Although inhibition of tumor cells was not diminished after heating ECM at 56°
C for 30 min, it was almost completely destroyed after heating at 75 or 100°C for 30 min
(Figure 5). Bioactivity of ECM could also be reduced by selected proteolytic enzymes (Figure
6). Treatment of ECM with proteinase K resulted in a greater than 30% reduction in bioactivity,
while treatment with non-specific protease resulted in a more than 60% reduction in inhibition
of growth. Bioactivity of ECM was not sensitive to all proteolytic enzyme treatments, however,
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since growth inhibition of tumor cells was not affected by treatment with trypsin. Nucleic acids
do not appear to be responsible for bioactivity, since treatment of epigonal culture supernatants
with either DNase or RNase did not affect tumor cell growth inhibitory activity (Figure 7).

Discussion
Elasmobranchs represent a novel and untapped source for compounds with the potential to
benefit public health. Exploration of immune function in an animal group whose immune
system appears to be effective in its own environment certainly may serve as a reasonable
source of material for such applications. The studies described here indicate that short-term
cultures of bonnethead shark epigonal cells produce a conditioned medium with a broad
spectrum of growth inhibitory activity against a variety of mammalian tumor cell lines.
Moreover, ECM appears to demonstrate preferential inhibition of malignant cells compared to
non-malignant cells.

While growth inhibition was demonstrated for all nine cell lines, some cell lines were more
sensitive than others, allowing for a more meaningful assessment of relative potency and
specific activity (Figure 1 and Table 1). A comparison of the mean percent growth inhibition
at the same protein concentration, 1.0 mg/ml, showed that the fibrosarcoma cell line was
consistently the most sensitive, followed by the B cell lymphoma, malignant melanoma, T-cell
leukemia, and pancreatic carcinoma. One of the three breast carcinoma cell lines, MCF7, was
more sensitive than the other two, HCC38 and Hs 578T. The MCF7 cell line is estrogen receptor
positive whereas HCC38 and Hs 578T are both estrogen receptor negative, which may lead to
mechanistic information regarding the activity of ECM. The ovarian carcinoma cell line and
two non-malignant cell lines, normal lymphoblastoid and normal breast cells, were the least
sensitive. That differential effects are observed on cell lines of various tumor origins suggests
that the inhibitory factor in ECM operates through a specific mechanism rather than through
a generalized cytotoxic effect against tumor cell lines. Although the data are not reported here,
preliminary experiments indicate that ECM induces apoptosis through the TRAIL (tumor
necrosis factor-related apoptosis-inducing ligand) pathway. Studies to understand specific
mechanisms of action of ECM are underway and will be described in subsequent published
reports.

Two of the breast carcinoma cell lines, HCC38 and Hs 578T, were part of malignant/non-
malignant cell line pairs. The HCC38 breast carcinoma cell line was paired with a normal
lymphoblastoid (HCC38 BL) cell line (Gazdar and others 1998), while the Hs 578T breast
carcinoma cell line was paired with normal breast cells (Hs 578Bst; Hackett and others
1977). In both cell line pairs, the normal cells originated from the same patient as the malignant
cells. Results of co-culturing the malignant/non-malignant cell line pairs with the epigonal
conditioned medium demonstrated that at most of the concentrations of proteins tested, growth
inhibition of malignant cells was significantly greater (P < 0.05) than inhibition of non-
malignant cells (Figure 3). In many cases, cytotoxic activity against malignant cells was at
least twice the cytotoxic activity against non-malignant cells. Therefore, while growth
inhibition of normal cells was observed, cytotoxic effects against malignant cells are
considerably more pronounced.

The data reported here from enzyme treatment experiments are consistent with growth
inhibitory properties of ECM being associated with protein. Under the denaturing conditions
of SDS–PAGE, three protein bands corresponding to approximate molecular weights of 40–
42, 24, and 17 kD are reproducibly visible. Under non-denaturing conditions, however, the
inhibitory activity of ECM is retained following ultrafiltration with a 100 kD membrane (data
not shown), suggesting that the bands on SDS may represent subunits of a protein with a larger
molecular weight. Efforts are underway to purify and characterize protein and/or peptides
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responsible for growth inhibitory properties of ECM on the tumor cell lines. The observation
that growth inhibitory activity is unaffected by treatment with trypsin is encouraging and
suggests that peptides generated by tryptic digestion may retain bioactivity.

Public health implications of elasmobranch-derived substances have increased in recent years,
with a number of compounds reaching clinical trials. One such example is squalamine, an
aminosterol derived from shark liver first reported for its significant antibiotic activity (Moore
and others 1993). Further study of squalamine revealed antiangiogenic activity as well
(Moriarty and others 1995; Sadownik and others 1995; Sills and others 1998) which has been
tested in Phase I and Phase II clinical trials (Bhargava and others 2001; Hao and others 2003;
Herbst and others 2003). A compound isolated from shark cartilage, Neovastat (Æ-941), has
been tested in Phase III clinical trials (Falardeau and others 2001) and has also shown promise
as a potential therapeutic for airway asthmatic inflammation (Lee and others 2005).

The unique evolutionary niche that elasmobranchs fill make these fish extremely valuable for
understanding the evolution of the immune system. The continued study of this group will
provide valuable insight into the origins of specific immunity and how the adaptive immune
system has evolved that allows higher vertebrates, including humans, to survive constant
invasion by a variety of infectious microorganisms and toxins. As a result, the elasmo-branch
immune system, with its unique lymphomyeloid tissues, may serve as an innovative source for
novel compounds with potential benefits for human health.

Conclusions
Elasmobranch fish represent a unique animal model potentially harboring novel products with
relevance to public health. Ongoing studies to identify immune regulatory factors in the serum-
free media conditioned by short-term cultures of epigonal cells have resulted in the isolation
of bioactive compounds with potent growth inhibitory activity against several mammalian
tumor cell lines and may represent novel cytokines with potential applications for human
health.
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Fig. 1.
Growth inhibitory activity of epigonal conditioned medium against cell lines of various tumor
origins. (A) WEHI 164 (fibrosarcoma), N = 9; (B) A375.S2 (malignant melanoma), N = 26;
(C) NIH:OVCAR-3 (ovarian carcinoma), N = 11; (D) PANC-1 (pancreatic carcinoma), N = 7;
(E) Jurkat (T-cell leukemia), N = 4; (F) Daudi (B-cell lymphoma), N = 3; (G) MCF7 (breast
carcinoma), N = 18.
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Fig. 2.
Photomicrographs showing cellular morphologies and growth properties of two tumor cell
lines after 48 h of culture in the presence and absence of ECM. (A) A375.S2 (malignant
melanoma), untreated; (B) A375.S2, co-cultured with ECM; (C) MCF7 (breast carcinoma),
untreated; (D) MCF7, co-cultured with ECM. A and B, bar = 50 µm; C and D, bar = 100 µm.
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Fig. 3.
Treatment of malignant/non-malignant cell line pairs with epigonal conditioned medium,
ECM. (A) HCC38 (malignant breast), N = 9 and HCC38 BL (normal lymphoblastoid), N = 10.
Inhibition of HCC38 by ECM is significantly greater (P < 0.05) than inhibition of HCC38 BL
at 0.5, 1.0, and 2.0 mg/ml protein. (B) Hs 578T (malignant breast, ductal), N = 9 and Hs 578Bst
(normal breast), N = 7. Inhibition of Hs 578T by ECM is significantly greater (P < 0.05) than
inhibition of Hs 578Bst at 2.0 mg/ml protein.

Walsh et al. Page 12

Integr Comp Biol. Author manuscript; available in PMC 2009 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 4.
SDS polyacrylamide gel electrophoretic separation of conditioned medium (CM) proteins from
short-term cultures of S. tiburo spleen cells, epigonal cells, and peripheral blood leukocytes
(PBL). Lanes 1 and 5: MW standards; Lane 2: spleen CM; Lane 3: PBL CM; Lane 4: epigonal
CM.
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Fig. 5.
Effect of heat on growth inhibitory activity of ECM against A375.S2 (malignant melanoma)
cell line. Growth inhibitory activity was measured using MTT after 72 h of co-culture with
ECM (0.75 mg/ml protein) that had been heated for 30 min at 56°C, 75°C, or 100°C.
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Fig. 6.
Effect of proteolytic enzymes on growth inhibitory activity of ECM against A375.S2
(malignant melanoma) cell line. Growth inhibitory activity was measured using MTT after 72
h of co-culture with ECM (0.75 mg/ml protein) that had been incubated for 24 h with non-
specific protease, proteinase K, or trypsin.
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Fig. 7.
Effect of nucleases on growth inhibitory activity of ECM against A375.S2 (malignant
melanoma) cell line. Growth inhibitory activity was measured using MTT after 72 h of co-
culture with ECM (0.75 mg/ml protein) that had been incubated for 24 h with
deoxyribonuclease (DNase I) or ribonuclease (RNase A).
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Table 1
Percent growth inhibition (%GI) observed in tumor and normal cell lines treated with 1.0 mg/ml ECM for 72 h

Cell line Origin %GI ± SEM N

WEHI 164 Fibrosarcoma 92.7 ± 1.9 9

Daudi Burkitt’s B cell lymphoma 92.0 ± 3.0 3

A375.S2 Malignant melanoma 65.8 ± 3.0 26

Jurkat Acute T-cell leukemia 58.3 ± 7.7 4

MCF7 Breast adenocarcinoma 52.2 ± 4.3 18

PANC-1 Pancreatic epitheloid carcinoma 49.1 ± 6.1 7

Hs 578T Ductal carcinoma, breast 27.2 ± 6.7 9

HCC38 Primary ductal carcinoma, breast 26.1 ± 2.1 9

Hs 578Bst Breast, normal 15.8 ± 5.0 7

HCC38 BL B lymphoblastoid, normal peripheral blood 15.2 ± 3.6 10

NIH:OVCAR-3 Ovary, adenocarcinoma 5.4 ± 1.7 11

N represents the number of epigonal cultures assayed for a particular cell line. All cell lines are human, with the exception of WEHI 164 (murine).
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