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Cytokines and Cancer

INHIBITION OF TUMOR CELL GROWTH AND MODULATION OF
CYTOKINE PRODUCTION BY THE IRON BASED COMPOUND MRN-100
Ken H. Tachiki', Ph.D., Koichi Uyemura®2, Ph.D., Mamdooh Ghoneum’, Ph.D.,
Takashi Makinodan"?, Ph.D. and Dean Yamaguchi', M.D., Ph.D.

! Research Service and 2 GRECC, VA Greater Los Angeles Healthcare System,
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4 Los Angeles, CA 90059

. There is great interest among health care professionals to explore the value of
naturally derived biological response modifiers to enhance immune function. MRN-
100, an iron-based compound derived from bivalent and trivalent ferrates, was
reported previously to be a potent immunomodulator. We have previously shown
that treatment with MRN-100 had an augmentory effect on natural killer [NK] cell
activity in healthy control subjects, in patients with breast cancer, and in patients
infected with HIV-1. In these studies, an effect on NK cell activity was noted as
early as 4 weeks and did not show hyporesponsiveness with continued treatment for
over 12 months, with absence of notable side effects.

In the present study, we demonstrate a direct effect of MRN-100 on tumor cell
growth and cytokine production. Preliminary results showed that incubation of a
squamous cell carcinoma [SCC13] cell line with MRN-100 arrested tumor cell
growth, whereas control SCC13 cells grown in a NEM media in the absence of added
MRN-100 continued to increase in cell number. Employing flow cytometry
procedures, results showed that after 16 hours of treatment of SCC13 cells with
MRN-100 a marked stimulation in production of Interlukin 10 [TL-10], but no
apparent change in content of Interferon-y [INF-y]. ELISA analyses of the culture
media bathing the cells 16 hours after treatment with MRN-100 also showed an
increase in IL-10 production, little change in INF-y concentration. However, a
marked elevation in Interlukin-12 was also observed at 16 hours.

In conclusion, our findings indicate that MRN-100 acts by not only enhancing
the activity of NK cells as previously reported, but also through a direct action on
tumor cell production of cytokines. The production of cytokines such as IL-10 by
cancer cells to alter the activity of the immune system is well known. Our findings
indicate that the biological response modifier MRN-100 can alter the production and
secretion of cytokines such as IL-10 and IL-12 by cancer cells such as SCC13; and
thereby the activity of the immune system. Findings that treatment of cultures of
SCC13 cells with MRN-100 also can arrest cell growth directly may reflect an
alternate mechanism of control of tumor cell growth. Work in this direction is in
progress. Supported in part by VA Medical Research Funds and by funds provided
by ACM Co., LTD., Tokyo, Japan
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ABSTRACT Cytokines and Cancer

INHIBITION OF TUMOR CELL GROWTH AND MODULATION OF
CYTOKINE PRODUCTION BY THE IRON BASED COMPOUND MRN-100

Ken H. Tachiki', Ph.D., Koichi Uyemura"z, Ph.D., Mamdooh Ghoneum3, Ph.D.,
Takashi Makinodan" 2, Ph.D. and Dean Yamaguchi', M.D., Ph.D.

! Research Service and 2 GRECC, VA Greater Los Angeles Healthcare System,
. Los Angeles, CA 90073
3 Department Otolaryngology, Drew University Medicine and Science,
Los Angeles, CA 90059

There is great interest among health care professionals to explore the value of
naturally derived biological response modifiers to enhance immune function. MRN-
100, an iron-based compound derived from bivalent and trivalent ferrates, was
reported previously to be a potent immunomodulator. We have previously shown
that treatment with MRN-100 had an augmentory effect on natural killer [NK] cell
activity in healthy control subjects, in patients with breast cancer, and in patients
infected with HIV-1. Inthese studies, an effect on NK cell activity was noted as
early as 4 weeks and did not show hyporesponsiveness with continued treatment for
over 12 months, with absence of notable side effects.

In the present study, we demonstrate a direct effect of MRN-100 on tumor cell
growth and cytokine production. Preliminary results showed that incubation of a
squamous cell carcinoma [SCC13] cell line with MRN-100 arrested tumor cell
growth, whereas control SCC13 cells grown in a NEM media in the absence of added
MRN-100 continued to increase in cell number. Employing flow cytometry
procedures, results showed that after 16 hours of treatment of SCC13 cells with
MRN-100 a marked stimulation in production of Interlukin 10 [IL-10], but no
apparent change in content of Interferon-y [INF-y]. ELISA analyses of the culture
media bathing the cells 16 hours after treatment with MRN-100 also showed an
increase in IL-10 production, little change in INF-y concentration. However, a
marked elevation in Interlukin-12 was also observed at 16 hours.

In conclusion, our findings indicate that MRN-100 acts by not only enhancing
the activity of NK cells as previously reported, but also through a direct action on
tumor cell production of cytokines. The production of cytokines such as IL-10 by
cancer cells to alter the activity of the immune system is well known. Our findings
indicate that the biological response modifier MRN-100 can alter the production and
secretion of cytokines such as IL-10 and IL-12 by cancer cells such as SCC13; and
thereby the activity of the immune system. Findings that treatment of cultures of
SCC13 cells with MRN-100 also can arrest cell growth directly may reflect an
alternate mechanism of control of tumor cell growth. Work in this direction is in
progress. Supported in part by VA Medical Research Funds and by funds provided
by ACM Co., LTD., Tokyo, Japan

Y POTN TSI




INTRODUCTION

MRN-100 1s an iron-based compound derived
from bi- and tri-valent iron 1ons, which form a
coordination complex with water molecules.
Ghoneum and co-workers have reported previously
MRN-100 to be a potent, naturally derived Biological
Response Modifier [BRM] that activates Natural
Killer [NK] cells in vivo. In 15 normal healthy
subjects and 10 cancer patients, MRN-100
administration produced a high increase in NK cell
function, without evidence of hyporesponsiveness
with continued treatment or of any notable side
effects. With primary cultures of peripheral
Mononuclear Cells [MNC], MRN-100 had a
significant protective effect on the survival HIV-1
infected MNC, with a 53% reduction of HIV-1 p24
antigen production at 10 days post-treatment. In
cultures of normal MNC, MRN-100 had no
significant effect on cell proliferation, either alone or
co-cultured with different mitogens.

We report here the effects of MRN-100 on the
growth and on the cytokine production in cultures of
breast cancer cells, “normal” breast cells, prostate
cancer cells, squamous carcinoma cells and “normal”
bone cells. The cytokines reported here include
Interlukin 10 [IL-10], Interlukin 12 [IL-12] and

gamma interferon [y-IFN].



antibodies and antigens were purchase from Pharmagen
(San Diego).

Cell counting was performed manually employing
tripsinization to recover cells and trypan blue dye
exclusion to exclude any dead cells. The cell count
results were verified employing tetrazolium up-take (MTT
assay).

Cytokines levels were assayed employing
commercial ELISA kits purchased from Pharmagen (San
Diego).

IL-10 mRNA expression by PCR. PCR
amplification of specific DNA from a small number of
cells was applied in a semi-quantitative manner. mRNA
were isolated from cells with acid guanidinium
isothiocyanate and used to synthesize cDNA by oligo
d(T)-primed reverse transcription. cDNA was amplified
by PCR using paired IL-10 specific primers (5’-primer:
ATG CCC CAA GCT GAG AAC CAA GAC CCA and 3'-
primer: TCT CAA GGG GCT GGG TCA GCT ATC
CCA). Samples were compared to internal $-actin and
cDNA normalized to yield equivalent levels of B-actin
(5’primer: GTG GGG CGC CCC AGG CAC CA and 3'-
primer: CTC CTT AAT GTC ACG CAC GAT TTC)
amplification. IL-10 and B-actin templates are
coamplified to eliminate the variables of PCR
amplification conditions. PCR products are resolved by
gel electrophoresis in 1.8% agarose.




° METHODS

MRN-100 was provided in distilled water by ACM
Co., Ltd., Japan with an Fe** and Fe®' ion concentration
of about 2 pM. In all of the studies, this material was
diluted prior to use in appropriate cell culture media to
give a final concentration of 15% (v/v: i.e., 0.3 pM iron).
For all control samples, the volume of MRN-100 was
replaced with double distilled water and run in parallel
with the treatment samples. Although not reported, a
non-treatment control was also run to test for any
osmotic or concentration effects. No differences in the
two types of control samples were found and only the
proper reagent control data are reported.

Tissue Cultures. The various cell lines used in
these studies were purchased from commercial sources.
In all cases, the appropriate culture media for optimal
growth were employed to grow the cells. Passage
numbers were recorded. For the Squamous Carcinoma
cells (SCC 13), cell passage numbers was not correlated
with cell growth data. However, presence of
endogenous levels and the stimulatory effects of MRN-
100 on the cytosine levels were not observed with cell
cultures of passage numbers less than 12; all values
were zero. The cytosine data reported here for these
cells are from cultures with passage numbers of 18 or
greater.

Flow cytometry studies were performed employing
a FACS Vantage SE purchased from Becton Dickinson
Immunocytometry Systems, San Jose, CA. The
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TABLE 1

Effects of MRN-100 on IL-10, IL-12 and gamma-IFN levels
in tumor and normal breast cells

CELLS gamma-lFN IL-10 IL-12

MCF-12A (NORMAL)  TRACE- NO CHANGE NONE DETECTED TRACE- NO CHANGE

MCF-7 (TUMOR) NO CHANGE SEE FIGURE SEE FIGURE



NOTE

The presence of IL-10, IL-12 or y-IFN
was NOT detected by ELISA assay of the
bathing media of cell cultures of prostate
cancer cells [LNCAP] and of normal bone
cells [MC3T3-E1]. The addition of
MRN-100 to cultures of these cells had no
apparent effects on cell growth within the
first 16 hours of treatment.
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