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Abstract
The effect of MRN-100 on human natural killer (NK) cell activity was determined. The MRN-

100 is an iron base compound derived from bivalent and tervalent ferrates. Twelve (12) control
healthy subjects were given MRN-100 at a concentration of ImVkg/day, and blood was drawn at
0 day, 2 wks and | month after treatment with MRN-100. Peripheral Blood Lymphocyte-NK
activity was measured by a 4 hr 51 Cr-release assay using K562 tumor cells as targets. Treatment
with MRN-100 was shown to have an augmentory effect on NK activity: a significant
enhancement (an over-shoot) was detected as early as 2wks, that was maximized at 1 month post-
treatment. The activity returned to the normal level by 3-4 wks after cesgation of treatment.
Changes in the activities of NK cells after treatment with MRN-100 were inversely related to the
E:T ratios; pamely 209%, 193%, 171% and 177.7% at 12:1, 125:1 50:1 and 100:1, respectively.
In vitro studies indicated no significant change in NK activity post culture of PBL with MRN-100
for 16hrs and 3 days as compared with control untreated cells, The mechanism by which MRN-
100 augments NK activity was examined. Flow cytometry analysis indicated remarkable increase
in the NK cell sub-populations post-treatment with MRN-100 in the experimental subjects as
compared with control untreated subjects. Similarly, MRN-100-treated NK cells showed higher

binding capacity to their tumor cell targets. We conclude that MRN-100 is a potent

immunomodulator and may bé useful in cancer immunotherapy.






INTRODUCTION

Biological response modifiers (BRMs) have received considerable attention because |af
their ability to.au.gmcnt natural cﬁ”cgtor mechanisms and probable ability to restrict tumor growth
(Djew, 1983). Several bacterial and fungal immunopotentiators have been an object of great
interest because of their potential value in tumor therapy. However the clinical use of these
BRMs are restricted because of severe side effects.

The various immunclogical functions of NK cells make them prime candidates as
therapeutic agents. Interleukin-2 (IL-2) has been shown to boost NK activity in peripheral blood,
both /a1 vitro and in vivo, These activated NK cells have broader antitumor cytolytic capabilities,
including lysis of fresh, uncultured, human tumor cells as well as a wide variety of tumor cell lines
(11, 12). Activated NK cells are defined as lymphokine activated killer (LAK) cells. Together,
IL-2 and LAK cells have been used as adoptive immunotherapy against cancer (13); however,
although IL-2 was reported to have promising results when administered to patients with
advanéed malignancies (14-16), the overall clinical success of IL-2 has been limited due to its
severe side effects,

An increasing body of evidence implicates the Natural Killer phenomenon as a means of
host defense against the growth and disscmination of tumor cells (4-6). NK cells have the ability
to mediate natrual resistance against tumors, and may play an imprtant role in immune
surveillance (7,8). Therefore, factors enhancing or influencing NK activity could be relevant for
resistance to malignant discase, Based on this rationale, we test the ability of a new
immunomodulator called MRN-100, with no notable side effects, 10 enhance huumu NK &l

activity in vivo, The results show that MRN-100 augmcnts NK activity as carly as 2 wks afler



oral administration and that this effect maximized at | month, On the other hand, discontinuation

of treatment caused NK activity to return to normal levels.



MATERIALS AND METHODS .
Human Subjects .

Twelve healthy control subjects (6 females and 6 males) participated in this study.
Subjects ranged in age from 34 to 53 years, with a mean of 44 years. They had not ingested any
medications or vitamins fot at least 2 wks prior to their participation. Moreover, the subjects did
not have a history of chronic diseases. During the course of the experiment that extended for 2
months, the women were not menstruating nor taking oral contraceptives—both of which can
affect the level of NK cell activity.

MRN-100 and treatment protocol

MRN-100 is an irou base compound derived from bivalent and tervalent ferrates. It was provided
by ACM Co., LTD., Tokyo, Japan. All the subjects were given MRN-100 orally in the form of
liquid at a concentration of 1mVkg/day and 10-15 ml blood were drawn from each individual at

different intervals; 0 day, 2 wk, 1 month after treatment and 3-4 wks after cessation of treatment.

Complete Medium (CM)
Complete medium-(CM) consists of RPMI-1640 supplemented with 10% fetal calf serum

and 1% antibiotic (100 U penicillin and 100 pg/ml streptomycin).

Tumor Cell Line

K562, an human erythroleukemic cell line, was used as targets,



Preparation of Peripberal blood lymphocytes (PBLs)
PBLe were prepared from fresh heparinized peripheral venous blood by Ficoll-Hypaque
density gradient centrifugation, Cells were washed three times with Hanks balanced salt solut‘ion

(HBSS) and resuspended to 10 x 10 cells/ml in CM.

Culture of PBL with MRN-100

PBLs from healthy control subjects were adjusted to 1 x 10° cells/ml in CM and cultured
with MRN-100 at concentrations of 10% (v/v) for 16 and 20% (v/v) for 3 days. PBLs were then
washed twice and examined for NK activity at effector:target (E:T) ratios of 100:1.

51Cr-release Assay for Measuring NK Activity

NK activity was measured by a standard 4 hr *'Cr-release assay. Briefly, 1x 10* **Cr-
labelled tumor target cells in 0.1 mL CM were added to different wells of a 96 well microtiter
plate. Effector cells were then pipetted into quadruplicate wells to give E:T rati;)s of 12:1, 25:1,
50:1 and 100:1. After a 4 hr incubation (37°C), the platcs were centrifuged (1400 rpm for 5 min)
and 0.1 mL of supernatant from each well was collected and counted in 2 gamma counter

(Beckmann G50, Beckmann Instruments).

The percentages of isotope released were calculated by the following formula:

% Lysis = Exp, Rel - Sp, Rel x 100

Total Rel - Sp, Rel
Spontaneous release (SP) from target cells was no more than 8-10% of total release,

Total releas¢ was measured by adding 0.1 mL Triton X-100 (Sigma Chemical Co.) to designated

wells,



Lytic Units (LU)
Lytic units (LU) were calculated from effector titration curves with one LU defined as the number
of effector cells required to achieve 20% lysis for K562. This serial performance of NK cytotgxic
assay was.iba.sed on criteria for a reproducible NK test and was intended to help minimize

, P
associated errors\(}l)_._.’
NK Sub-populations

NK cell subset enumeration was carried out with PBLs from individuals for baseline and

after treatment with MRN-100, A single lascr flow cytometer (Epics Profile: Coulter Epics, Inc.,
Hialeah, FL), which discriminates forward and right-angle light scatter, as well as two colors, was
used with a software package (Quad Stat: Coulter). Mononuclear cell populations were
determined by two-color direct immuno fluorescence, by using a whole-blood staining technique
with the appropriate monclonal antibody and flow cytometry é& Fluorescein isothiocyanate
(FITC, CD3FITC), or phycerythrin (PE, CDS6-PE)—conjugatcd\Tn5T1Eional antibodies (Coulter
Immunology) were selected for the determination of NK cell subsets, To monitor lymphocyte
markers, bit maps were set on the lymphocyte population of the forward-angle light scatter versus
a 90° light scatter histogram. The percentage of positively stained cells for each marker, as well
13 the pereentage of double stained lymphocyte pasitive for the respective swrface markers were

determuined.

Conjugate formation .
The percent of effector:target cell conjugates was determined as described previously < ). /)

e

1x10* peripheral blood lymphocytes (PBLs) were incubated with 1x10® K562 target cells in 1 ml

of CM in 12x75mm glass tubes, sedimented by centrifugation at 130g for 5 min and incubated for



Ih at 4°C. Pellets were resuspended, cytocentrifuged smears were prepared, stained with Giemsa
and the percent of conjugates were examined by counting 200 Jymphocytes (bound and free) n
triplicate samples.
Statistical An‘alysis

The SAS procedure of analysis of variance (ANOVA) was used to examine: 1) The effects
before and afer treatment with MRN-100 in different determinations, 2) The effect of changing

the ratios between E:T cells and 3) The interaction of the two effects.



RESULTS
I In Vive Studies
1. NK Activity at Different E: T Ratlos:
Treatment with MRN-100 resulted in a significant induction of NK activity at 2 wks. P< 0.001.
Tﬁc relationsbﬁp between NK activity and the ratios of effector:target (E:T) cells showed that NK
enhancement was inversely related to the E:T ratio, i.e. maximum enbancement of MRN-100-
treated NK cell activity (209.8%) was achieved at a lower E:T ratio, 12:1, compared with higher
E:T ratios of 50 and 100:1 (171.2% and 172.7%, respectively).
2. Effects of MRN-100 on NK Activity expressed as LUs
The time course of the changes in NK activity expressed as LUs in the subjects treated with
MRN-100 is shown in Fig. 1. Because of the complexity of the study only five subjects were
tested for NK activity before (0 time) and , during treatinent (2 wks and 1 mon) and after
cessation of treatment, A remarkable increase in NK activity took place at 2 wks post-treatment
in all subjects which was maximized at 1 month after treatment, MRN-100-induced NX activity
was statistically significant P<0.001. Activity returned to an almost normal leve] at 3-4 wks after

Jiscontinuation of treatment. NK activity in one subject (CJ) was maintaired at a high level after

cessation of treatment,

3, Differential Subject Response to MRN-100

The percent induction of NK. activity in each subject is depicted in Table 2. Data shows that all
subjects responded to MRN-100 with increased NK activity but there was a differential response
towards the immunaugmentory effect of MRN-100. Subjects could be divided into two

categories of activity increase: Gl (50%) 200-350%; and G2 (50%) >350% (350-1500).



4. Inter sex difference in response to MRN-100

Data in Table 2 show that there is no significant difference between both sexes in response to the

augmentory effect of MRN-100.

5. Quantitiesh of NK Sub-Populations

Total NK cell populations post-treatment with MRN-100 were determined by Flow Cytometry
using Anti-CDI6+ and CD56+/CD3- monoclonal antibodics respectively,  Results in@"ep
demonstrated that treatment with MRN-100 had significant effect on the percentages of total NK
cell populations, 134% and 142% increase in CD16+ and CDS56+/CD3’, respectively examined at
| month post-treatment as compared to baseline value.

6. Percent of Cf_njugatcs

Results m Pi@ows signiﬁcant increase in the binding capacity of NK cell to K562 tumor cell
targets (32%) as éompa.rcd to baseling value (10%).

1 In Vitro Effect of MRN-100 on NK Activity
Data of in vitro effect of MRN-100 on NK activity is depicted in Table 4, PBL were cultured in

the presence of MRN-100 at a concentration of 10% (v/v) for 16hrs and 20% (v/v) for 3 days.

Results showed only 15% increase in NK activity post culture of PBL with MRN-100 for 16 hrs

as compared to control cells,



DISCUSSION
The present study was undertaken to investigate the augmentory effect of a new product called
MRN-100) on human NK cell activity in vivo and examined possible ﬁnderlying mechapisms.
MRN-] OO‘is an iron base compound derived from bivalent and tervalent ferrates.

NK cells are large granular lymphocytes distinct from T and B cells. Animal studies
suggest that they originate, and in part differentiate, in the bone marrow (10) and constitute
approxumately 10-15% of the mononuclear cells in the peripheral blood. NK cells play a crucial
role in tumor rejection, immune surveillance, resistance to infections, and immune regulation (11-
[3). In addition, abnormal NK cell activity has been identified in many neoplasms (14), including
malignant melanoma (15), atopic dcrmatiiis (16), epidermodysplasia verruciformis (17), systemic
lupus  erythematosus, rheumatoid arthritis, and Sjogren’s syndrome (18). Therefore many
attempts have been made to augment NK cell activity with limited success because of toxicity
associated with many biological response modifiers (BRMs). In the present study we showed that
MRN-100 is a potent BRM as manifested by increased human NK. activity post treatment with
MRN-100 and return of NK function upon discontinuation of treatment. The effect Was detected
as carly as 2 wks post treatment and maximized at | month, Further studies (data not shown)
indicated that long term trcatment for S month is associated with NK activity that maintained at
high level upon continuation of treatment,

BRMSs have received considerable attention because of their ability to augment natural
effector mechanisms and probable ability to restrict tumor growth (Djeu, 1983). Several bacterial

and fungal immunopotentiators have been an object of great interest because of their potential



value in tumor therapy, However the clinical use of these BRMs are restricted because of severe
side effects.

The BRM used in the present study has been proven to be a safe product as measuged by
panel 20 wtﬁch include liver enzymes. The test was conducted before and at 1 month after
treatment with MRN-100 and showed no significant changes in all parameters tested. This
property provides additional advantage over other BRMs.

Recognition and lysis of target cells involve a sequence of events (23). First, the NK cell
must recognize and bind to target cells. It has been postulated that a receptor on human NK cells
recognizes and binds to the target cells. After binding, the NK cell is activated and becomes
programmed for target cell lysis. This is followed by release of the cytotoxic factors and,
ultimately, lysis of the target cell, The effector cell then recycles and binds to new target cells.
The augmented NK activity post-treatment with MRN-100 appears to be due to an increase in the
binding of NK cells to tacget cells. This binding process is a key event in the activation of these
cells. Other factors that can cause enhancement in NK function by MRN-100 was the increased

numbers of NK cells.

Previous studies have indicated that NK cells are not a homogeneous population with \
respect to surface markers and tumoricidal activity Allavena and Ortaldo ((2'9,),)
demonstrated that clones derived from purified preparan'c;ns of large granular lymphocytes have
different functional and antigenic characteristics, supporting the concept of the heterogeneity of
NK cell populations, Hence there is substantial evidence showing 2 subsets of NK cells, these are
CD16+ and CD56+/CD3", Data of table 3 showed that treatment with MRN-100 had significant

effect on the percentages of NK cell population; 134% and 142% increase in CD16+ and
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CD56+/CD3 respectively exumined at | month after treatment. Data of the present study
showed no significant intersex difference in response to the augmentory effect of MRN-100. Data
of the present study, while showing a significant induction in NK activity post treatment with
MRN-100 in-vivo, there was only 15% increase in activity of NK cells cultured with MRN-100

for 16hrs or 3 days. The reason for the difference in in vivo and in vitro studies is not known but

could be attributed to
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Figure Legends
Figure 1. NK activity of four diffcrent individuals expressed as number of Iytic units at 0 day, 2

wk, and | mon during treatment, and | mon after cessation of trcatment.
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