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INTRODUCTION

Environmental oxidative stress and anti-oxidant defenses. A variety of distinct biochemical
changes in lymphocytes and in various other target cells are induced by oxidants, including hydrogen

peroxide (H202) and hydroxyl radical (OH"). These changes include alterations in enzymatic activities,
lipid peroxidation and damage to DNA. H202 rapidly permeates cells and would, in most cellular
environments, have a lifetime that would permit it to diffuse appreciable distances before reaction. It is
therefore proposed that HpO2 is the dominant oxidant leading to DNA strand breaks (1). Also,
oxidizing reactive species on free-radical-damaged proteins, protein hydroperoxides that can consume
glutathione, have been demonstrated. The long-lived nature of the reactive moieties indicates that they
may be able to diffuse and transfer damaging reactions to distant cellular sites (2).

The principal oxidants in the lower atmosphere are ozone and two by-products of ozone
photodissociation, the hydroxyl radical and hydrogen peroxide (3). Ozone is a very toxic air pollutant
affecting organic molecules via free radical- and lipid peroxide-mediated mechanisms (4). T
lymphocytes from subjects exposed to ozone in vivo exhibited significantly reduced mitogenic response
for several weeks following the exposure (5,6). Since ozone is a highly reactive oxidant pollutant, it is
unlikely that it interacts directly with blood lymphocytes. Rather, the lymphocytotoxic effect of ozone is
probably mediated by soluble products of pulmonary cells that are affected directly by the oxidant (7).
Pryor et al. (8) have demonstrated that the interaction of ozone in the presence of water with unsaturated
fatty acids, ozone’s primary target in lung lining fluids, produces aldehydes and hydrogen peroxide.
When bronchoalveolar lavage (BAL) was used, the yield of hydrogen peroxide production was 55%.
Based upon those experiments with ozone at 2.8 ppm (nearing smog levels) the interaction with BAL
would yield approximately 8.25 nmoles/ml H2O2 over two hours. The polyamine oxidase system we
propose to study involves oxidative stress exerted on lymphocytes by enzymatic products, which include
hydrogen peroxide and an aldehyde, at about 5 nmoles/ml H2O? over forty eight hours. This exposure
approximates the daily average of urban ozone profile including night time - 0.1 ppm (9). Therefore, we
propose that our system can serve as a model for environmental oxidant exposure.

Ionizing radiation can be used as a means of introducing oxygenating radicals into lymphocytes
in a geometrically and temporally precise way. The absorption of radiation involves splitting H2O

molecules (the most common constituent of cells) into OH® and H® radicals which are initially
distributed in proportion to the radiation dose distribution (10). OH® radicals generated within a cell
would generally react immediately with very little diffusion into the surrounding medium. In addition
irradiation of dissolved O2 will produce the superoxide radical, HO2°, also following the radiation dose

distribution. The superoxide radical has intermediate reactivity between that of OH® and H2O2 and will
diffuse moderate distances before reacting. In comparison, HpO? is less active and may diffuse many
cell diameters before interacting with cellular macromolecules. Accelerated electrons are quite easy to
control and precise levels of oxygen stress can be generated by irradiating cells and the surrounding
medium. A radiation dose of 1.0 Gy will generate 2.72x10-8 mol/l of OH®, 0.68x10-8 mol/l of H202

and 0.008x10-8 mol/l of HO»?* in water, and similar values are expected initially in the water component
of cells growing in nutrient medium. The use of ionizing radiation to administer oxidative stress
enhances the control of the concentration and timing of the exposure and provides a different type of
stress (mainly mediated by OH®) than that produced by enzymatically-generated H2O2. Ionizing
radiation is a common stressor found in the general environment, and results of these experiments will
provide information on the efficacy of several anti-oxidant strategies on environmentally relevant levels
of oxidative stress (11).

All respiring cells produce H)O2 and have various intracellular anti-oxidant mechanisms. Most
of the H2O2 is reduced to H2O by two enzymes: catalase and selenium-dependent glutathione
peroxidase (12). In addition, intra- and extracellular organic molecules are protected from oxidation by
various anti-oxidants that can also be used pharmacologically and nutritionally to control oxidative
damage. Oxidants present in the gas phase of cigarette smoke cause lipid and protein peroxidation. N-
acetylcysteine (NAC), that can scavenge several oxidant species including H2O2 (13), increased (when
given orally) glutathione plasma levels and was therefore suggested to have beneficial potential in
smokers (14). Vitamins C and glutathione appear to be important in protecting plasma lipids and
proteins against oxidant stress, respectively (15,16).
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Radioprotectors are substances which, if present during irradiation, reduce the effect of the
radiation and also diminish the cellular free radical levels. Most radioprotectors are excellent donors of

H* and include a number of proteins and peptides with thiol groups (RSH). Glutathione is such a
compound that occurs naturally in most mammalian cells and can be added exogenously to provide an
extra degree of radioprotection to that provided endogenously.

Hypothesis
The effects of oxidative stress on human lymphocytes are modulated by endogenous
mechanisms. We expect some endogenous anti-oxidant mechanisms to be induced by oxidative stress.

Technical objectives
To study three models of inducing oxidative stress in lymphocytes: a) PAO activity generating
extracellularly low levels of H2O2 for two days (mimicking exposures to environmental chemical

toxicants); b) electron irradiation generating both extra- and intracellularly mainly OH®; and c) high
levels of reagent HQO?7 generating short but acute stress.

The following question was asked during the second year of work:

To what extent, if at all, are levels of endogenous antioxidant molecules (catalase, glutathione
peroxidase, glutathione, vitamins E and C) altered in human T lymphocytes subjected to oxidative
stress?

BODY

Methods
) T and B cells from the peripheral blood of healthy donors were studied. Cells were incubated for
all assays in a serum-free medium, because fetal calf serum contains PAO activity(17). Therefore,
RPMI-1640 with Nutridoma-HU supplement (Boehringer Mannheim Biochemicals, Indianapolis, IN)
was used.

Lymphocyte preparation. Heparinized peripheral blood from healthy donors was used as a
source of lymphocytes. Cells were purified by Ficoll-Hypaque (Pharmacia Fine Chemicals, Uppsala,
Sweden) density gradient centrifugation. The resultant mononuclear cell preparation was allowed to
adhere to plastic dishes to remove macrophages and other adherent cells. Non-adherent mononuclear
cells were then used either as a source of T or B cells.

For T cells, non-adherent mononuclear cells were mixed with a suspension of neuroaminidase-
treated sheep erythrocytes and incubated at 379C for 15 min, followed by centrifugation and further
incubation at 4°C for 45 min. Thereafter, the rosetted cells were obtained by centrifugation through
Ficoll-Hypaque. The erythrocytes in the cell pellet were lysed by exposure to 0.83% NH4Cl. The

rosetted cells contained more than 98% CD3* T cells, and 0.4-1% M3* monocytes as determined by
flow cytometry.

For B cells, non-adherent mononuclear cells were mixed with magnetic beads carrying anti-B
cell antibodies on their surface and incubated at 40C for 15 minutes. Dynabeads M-450 with anti-CD19
antibodies (Dynal, Lake success, NY) were used at ten million beads/ml. The rosetted CD19+ B cells
were isolated by magnetic force and the beads were detached using reagents and equipment from Dynal.
The resultant isolated B cells were unstimulated and 99% pure, as determined by flow cytometry.

Oxidative stress. These modes were used:

a) A longitudinal low level extracellular stress (mimicking exposures to environmental chemical
toxicants) - lymphocytes were preincubated for 2 days with a commercial preparation of PAO (Sigma) at

5x10-4 U/ml and spermidine at 5 WM. This exposure generates gradually

5 uM H202 over two days7~5.

b) Electron radiation generating both extra- and intracellularly mainly OH®.- lymphocytes were
exposed to a radiation dose of 6 Gy for 5 minutes. This dose produces nonlethal cellular responses(11)

and generates oxidants per time unit at about 20 fold higher levels than mode a), but for a much shorter
period of time. We used a 2.5 MeV Van de Graaff accelerator that is capable of generating electrons or
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protons to a maximum energy of 2.5 MeV. Doses were continuously monitored by means of parallel
plate ionization chambers coupled with a stable, vibrating reed, electrometer.
c) A short high level extracellular stress-reagent H2O2 was added directly at 20, 50,100 and 200
UM for 2 hours. We have found that these levels suppress IL-2 production in human blood lymphocytes
by 8, 17, 67 and 88%, respectively, without affecting cell viability(18).

The suppressive effect was studied in the preincubation mode in order to exclude any possible
effects on the assay used. All reagents were purchased from Sigma (St. Louis, MO) unless otherwise
stated.

Measurements of catalase activity. Ten million cells were lysed by sonication (two 10 seconds
pulses with a 10 second interval) in 0.5 ml PBS. The resultant sonicate was centrifuged at 14,000xg for

10 minutes at 40C. Catalase activity was measured in the supernatant. Fifty pL of the supernatant were

mixed with 600 uL of 15 mM H202 in a cuvette. The kinetics of the decrease in light absorbance at 240
mm (H207 decomposition) were determined for 3 minutes in a DU 640 spectrophotometer (Beckman,
Fullerton, CA). A cuvette containing only PBS served as blank. A cuvette without a sample was used to
ensure that H2O2 does not decompose spontaneously under our experimental conditions. Enzymatic
activity was expressed as the rate constant of a first-order reaction (k) divided by the protein
concentration. A1 and A2 refer to the absorbance before and after a given time interval of measurement

(t), respectively. k=(2.3/t)(log A1/A2)(sec”l-mg protein-1) (19,20).

Glutathione peroxidase assay. Ten million cells were lysed by sonication (two 10 seconds
pulses with a 10 second interval) in 0.5 ml PBS. The resultant sonicate was centrifuged at 14,000xg for

10 minutes at 40C. Two hundred mL of cell lysate were added to an equal volume of double-strength
Drabkin’s reagent (1.6 mM KCN, 1.2 mM K3Fe(CN)g, 23.8 mM NaHCO3) and the mixture was
agitated for several seconds. Aliquots were added to 2.66 ml 50 mM sodium phosphate/S mM EDTA
buffer, pH 7.5. A one to one dilution of Drabkin’s reagent in water was used as a blank. The following
were added sequentially: 0.1 ml 8.5 mM NADPH, 1 unit of glutathione reductase (type IIL, Sigma), 10

pl 1.125 M NaN3, 0.1 ml 0.15 M glutathione, and 0.1 ml 2.2 mM H202. The changes in absorbance at
340 nm were determined over 5 minutes. Activity was expressed as nmol of H2O2 converted/mg
protein/min (21).

Reduced Glutathione assay. Glutathione was assayed with the Bioxytech GSH-400 kit by Oxis
International (Portland, OR). This kit determines glutathione specifically. Thirty five million cells were
lysed in 0.5 ml of ice-cold 5% metaphosphoric acid. The lysate was centrifuged at 1000xg for 10

minutes at 40C. Three hundred mL of the supernatant were mixed with 0.6 ml of the following: 200
mM potassium phosphate, pH 7.8, containing 0.2 mM diethylenetriaminepentaacetic acid (DTPA) and

0.025% lubrol. Fifty puL of 12 mM 4-chloro-1-methyl-7-trifluromethyl-quinolinium methylsulfate in

0.2N HClI were added to the above mixture and the tube was vortexed. Fifty uL of 30% NaOH were
added and the mixture was vortexed. Samples were incubated at room temperature for 10 minutes in the
dark and absorbance was read at 400 nm. A standard curve was established with reduced glutathione at

0-100 pM.

Vitamin C assay. Fifty million cells were lysed in 1.2 ml 3% perchloric acid. The lysate was

vortexed and centrifuged at 20,000xg for 20 minutes at 40C. The concentration of Vitamin C in the
supernatant was determined by high pressure liquid chromatography at Lab Corp., Special Chemistry
Division, Burlington, NC.

Vitamin E assay. Fifty million cells were resuspended in 830 ul PBS. The cell suspension was
mixed with 170 ul of 25% ascorbic acid. The sample was heated for 5 minutes in a 700C water bath.

One hundred and seventy pl of 10N KOH were added and the mixture was mixed and heated for 30 min.
at 700C. The sample was cooled in an ice bath. Four ml of hexane were added, the mixture was shaken




vigorously for 2 min and centrifuged at 1500 rpm for 5 minutes at 40C. The upper layer(hexane
phase)was separated and fluorescence was determined at excitation 298nm, emission 328nm. Vitamin E

levels were calculated with a standard curve of 0-10 ptg/ml hexane (22).

Statistical analysis of data. Data were analyzed, where appropriate, using student’s T test.

Results

In our Statement Of Work for the second year we propose to answer the following question: To
what extent, if at all, are levels of endogenous antioxidant molecules (catalase, glutathione peroxidase,
 glutathione, vitamins E and C) altered in human T lymphocytes subjected to oxidative stress?
To answer this question we established in our laboratory the appropriate assays and measured the
five parameters in human peripheral blood lymphocytes subjected to different types of oxidative stress.

Catalase activity

Every oxidative stress exposure except for hydrogen peroxide at 20 uM, induced a significant
rise in the cellular catalase activity of T lymphocytes above the basal level (Figure 1, Appendix A).

These results suggest that hydrogen peroxide at 20 uM was the only exposure that induced a detectable
rise in cellular peroxides (as reported last year by us) because it was also the only exposure that did not
induce the anti-oxidant enzyme catalase. No catalase activity was detected in B lymphocytes probably
due to the low numbers of cells available from the peripheral blood.
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Figure 1.
Enhancement of catalase activity by oxidative stress. T cells were exposed to polyamine oxidase

(PAO, for 2 days at 5x10-4U/ml + spermidine at 5uM, and then washed and incubated for 2 hours in
fresh medium), or irradiation (Irr., for 5 minutes at 6 Gy and then incubated for 2 hours in fresh

medium), or hydrogen peroxide (H207 at the indicated concentration, UM, for 2 hours and then washed
and incubated for 2 hours in fresh medium). Cells were lysed and cytosolic catalase activity was
measured by following kinetically the decomposition of hydrogen peroxide in a spectrophotometer, and
calculated per protein concentration. Catalase activity in untreated cells was 1.2£0.09 (sec-1-mg protein-
1y, Results shown are the increase in catalase activity in stressed cells over untreated cells+SD. The
increase in catalase activity was significant at p<0.01%*, 0.005%*, 0.0005%**,

Glutathione peroxidase activity

The basal levels of glutathione peroxidase in T cells were 20.1%2.5 nmoles/mg protein/minute
whereas the levels in B cells were approximately 4 times higher - 85.4%9.7 nmoles/mg protein/minute.
None of the oxidative stresses affected glutathione peroxidase activities in either the T or the B
lymphocytes (Table 1). These results suggest that oxidative stress has a differential effect on catalase
(enhancement) versus glutathione peroxidase (no change) activities in exposed lymphocytes.




Table 1

Glutathione peroxidase activities in lymphocytes exposed to oxidative stress

Oxidative stress T cells B cells
None 20.1%£2.5 85.419.7
H202 20uM 18.912.1 87.6£12.0
H202 50uM 17.9%4.2 79.6+£10.4
H207 100uM 19.413.0 88.6%7.9
H207 200uM 22.812.9 75.918.4
Irradiation 18.712.8 80.416.9
Polyamine oxidase 23.842.7 89.7t11.8

Lymphocytes were purified, exposed and assayed as mentioned in the Methods section. Glutathione
peroxidase activity is expressed as nmoles/mg protein/minutexSD, n=3.

Reduced glutathione (GSH) levels
A standard of glutathione yielded an excellent calibration curve using the Bioxytech GSH-400
kit (figure 2). However, even when 35 million peripheral blood lymphocytes were used per sample, the

basal levels of reduced glutathione were 10.5+0.9 uM at optical densities of approximately 0.03.
Therefore, detecting a decrease in reduced glutathione concentrations upon exposure to oxidative stress
became impossible, even when the more sensitive Tietze method was employed. Consequently, it would
be appropriate to assess the effect of N-acetylcysteine (which increases glutathione levels in cells) on
cells exposed to oxidative stress, as originally proposed for the third year of this project, as an alternative
approach towards testing the role of glutathione in the defense of lymphocytes against oxidative stress.
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Reduced glutathione calibration curve
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Vitamin C concentrations

The Basal levels of vitamin C in peripheral blood lymphocytes were so low that we had to
perform the assay for fee in an outside site (Lab Corp., Burlington, NC) that specializes in anti-oxidant
measurements, using very sensitive high pressure liquid chromatography methods. Still, 30-50 million
cells per sample were required to detect measureable levels of vitamin C. No consumption of vitamin C
was noted in cells exposed to various types of oxidative stress (table 2). These results do not support a
role for exogenous vitamin C as a protective agent against oxidative stress in human peripheral blood

lymphocytes.
Table 2

Vitamin C concentrations in human lymphocytes

Oxidative stress Batch 1 (50 million cells/sample) Batch 2 (35 million cells/sample)
None 0.9 0.4

H2072 200uM 0.8

Polyamine oxidase 0.5

Irradiation 0.4

T lymphocytes were purified, exposed and assayed as described in the Methods section. Levels of
vitamin C are presented as mg/dL.
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Vitamin E levels

As for vitamin C, the levels of vitamin E were so low that each sample consisted of
approximately 60 million cells. We were able to construct a reliable standard curve (figure 3). Based on
this curve we did not detect any depletion of vitamin E from cells exposed to the various types of

oxidative stress employed. The basal levels of Vitamin E were 0.6%0.05ug/ten million cells. These
results do not support a role for vitamin E in protecting human peripheral blood lymphocytes against
oxidative stress.

Vitamin E calibration curve
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Studies benefiting from the infra-structure supported by this grant

Up to here, we described the results of research that was directly funded by this grant. The
infrastructure created in our laboratory (including the purification of blood cells, maintaining of an
epithelial cell line and establishment of the electrophoretic mobility shift assay) allowed the graduate
students of the principal investigator to perform their separate research activities. Although these
activities were in no way directly supported by this grant, it is appropriate to recognize the fact that the
students’ research (which is ancillary to the grant) benefited indirectly from the grant. Describing these
results is further justified by the general areas of the students’ projects: the signal transduction cascade
initiated in lung cells by the oxidant ozone; and cellular stress in transformed lymphocytes.

Ozone is a major environmental oxidant which is generated by UV radiation and high-voltage
sparks. The oxygen radicals it generates are similar to those encountered by tissues during reperfusion.
The lung epithelial cells respond directly to ozone. Consequently, a signaling cascade is initiated in
which oxidative stress and various protein kinases transmit the signal from the plasma membrane to the
nucleus. There, several transcription factors enhance the expression of a set of genes including IL-8
(Appendices B,C,D).
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Apoptosis is a form of active cell death which occurs in response to severe cellular stresses
including oxidative stress. There are instances where clinicians are interested in inducing this “suicide”
path in cells. A prominent example is the death of cancer cells. Many anti-cancer drugs kill their target
cells by inducing apoptosis. Unfortunately, cancer cells have developed an array of mechanisms to avoid
death, including the activity of an efflux pump (P-glycoprotein=P-gp) that removes anti-cancer drugs
from intra-cellular compartments. We have formerly found that aspirin, at plasma attainable levels,
induced the expression of P-gp mRNA, protein and function, in a human T Iymphoma cell line. We now
report that aspirin protected lymphoma cells against induction of apoptotic death by the anti-cancer
drugs adriamycin and taxol (Appendix E). These results raise the possibility that the use of aspirin may
be contra-indicated during or shortly before cancer chemotherapy sessions.

Discussion

Three modes of oxidative stress: hydrogen peroxide, polyamine oxidase activity generating
hydrogen peroxide gradually, and irradiation, enhanced catalase activity in human peripheral blood T
lymphocytes. Glutathione peroxidase activity and reduced glutathione, vitamin C and vitamin E levels,

were not modulated by oxidative stress. Only exposure to hydrogen peroxide at 20 uM did not enhance
catalase activity in T lymphocytes.

Direct measurements of lipid hydroperoxides performed in the former year of this project did not
detect increased levels following oxidative stress, except for exposure of T lymphocytes to the lowest

concentration of hydrogen peroxide (20uM). We proposed a possible explanation to these findings
suggesting that the direct biochemical damage by this low stress was not enough to induce endogenous .
anti-oxidant mechanisms and therefore allowed for the detection of lipid peroxidation. Our current
results strongly support our proposal, i.e., catalase activity was enhanced by each type of oxidative stress
except for the weakest stress which in turn did cause detectable lipid peroxidation. Therefore, lipid
peroxidation appears to be prevented, or at least reversed, by catalase activity. Interestingly, glutathione
peroxidase which is another major hydrogen peroxide scavenger did not show enhanced activity upon
exposure to oxidative stress. The reasons for this are unclear and may be related to the specific biology
of peripheral blood lymphocytes.

We assessed the modulation of the endogenous levels of two anti-oxidants (vitamins C and E) by
oxidative stress. It was assumed that if these anti-oxidants play an important role in the defense of the
cells against oxidative stress, their levels should decrease upon exposure to oxidants. This did not turn
out to be the case. Again, it seems that catalase is the most important endogenous anti-oxidant agent
from among the four we measured. The fifth, reduced glutathione, occurred at levels that were below our
detection ability in peripheral blood lymphocytes.

CONCLUSIONS

Assessing the effects of oxidative stress on endogenous anti-oxidant molecules revealed dramatic
differences between different anti-oxidants. It seems that only catalase activity is modulated by oxidative
stress, putatively being recruited to protect against the stress. On the other hand, two classical anti-
oxidants (vitamins C and E) are not consumed during the stress period. This questions the importance of
these agents as supplements aimed at providing protection against oxidative stress in lymphocytes.

Military occupational settings include the exposure of soldiers to smoke and combustion
products which contain very high concentrations of oxidants including peroxides and peroxyl radicals.
Also, oxidative damage may occur secondary to biological or chemical weapon exposure. Serious
trauma is another instance where the resultant ischaemia and reperfusion can cause oxidative stress and
tissue antioxidant depletion.

The vast majority of studies into human lymphocyte biology and biochemistry where carried out
using transformed cell lines. We, however, use ex vivo peripheral blood cells which are a physiological
target of oxidants and therefore are the most appropriate model to identify defense mechanisms against
toxic exposures, and the only system that allows follow-up of exposed individuals.

The results and conclusions of this project’s second year provide the following two benefits:

1. Enhanced catalase activity may be developed as a marker for the ability of cells from
exposed soldiers to mount an anti-oxidative response.
2. Since vitamins C and E were apparently not part of the anti-oxidative defense arsenal of the
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lymphocyte, other compounds need to be identified that can protect cells (and presumably
also exposed individuals) against oxidative stress. This is planned for the third year of this
grant.
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SUMMARY

Effects of oxidative stress on stimulation-dependent signal transduction
leading to interleukin-2 expression, were studied. Purified quiescent human blood T
lymphocytes were subjected to: a. Acute exposure to hydrogen peroxide, b. Chronic
exposure to hydrogen peroxide, and c. Acute exposure to ionizing radiation. The
cells were then stimulated for 6 hours. DNA-binding activities (determined by the
electrophoretic mobility shift assay) of 3 transcription factors: NFxB, AP-1 and
NFAT, were abolished in the lymphocytes by all 3 modes of oxidative stress. The
lymphocytes exhibited lipid peroxidation only upon exposure to the lowest level of
hydrogen peroxide used (20 uM). All 3 modes of oxidative stress induced catalase
activity in the lymphocytes. The only exception was hydrogen peroxide at 20 uM.. -
which did not induce catalase activity.

Conclusions: 1. Suppression of specific transcription factor functions can
potentially serve as a marker of exposure to oxidative stress and it’s effects on
human lymphocytes; 2. Lipid peroxidation is only detectable in human lymphocytes
upon exposure to weak oxidative stress which does not induce catalase activity; 3.
Therefore, transcription factor DNA-binding activities are more sensitive to

oxidative stress than lipid peroxidation.
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INTRODUCTION

T lymphocytes are activated following the binding of a ligand to the antigen
receptor complex. One of the early manifestations of this interaction is the
transcriptional activation of the Interleukin 2 (IL-2) gene [1]. IL-2isa pivotal
lymphokine involved in B and T lymphocyte, as well as natural killer cell regulation
(1). The modulation of IL-2 transcription by nuclear proteins can serve as a general
readout that would be affected by any abnormality occurring earlier in the activation
pathway. A transcriptional enhancer in the promoter region of the IL-2 gene
responds to signals generated after activation through the T cell antigen receptor [2].
A number of positive regulatory elements have been identified in this region,
including: NFAT, AP-1, NFkB, EGR-1, AP-3, Oct-1, and Sp1 [3-5]. Transcription
factors binding to the first three, which are expressed in primary human T cells only
upon stimulation, are plausible targets for suppression of T cell activation.

A variety of distinct biochemical changes in lymphocytes and in various other
target cells are induced by the oxidants hydrogen peroxide and hydroxyl radical.
These changes include alterations in enzymatic activities, lipid peroxidation and
damage to DNA. Ionizing radiation can be used as a means of introducing
oxygenating radicals into lymphocytes in a geometrically and temporally precise
way. The absorption of radiation involves splitting HoO molecules (the most
common constituent of cells) into hydroxyl radicals and H*® radicals which are
initially distributed in proportion to the radiation dose distribution [6]. In addition,
irradiation of dissolved O3 will produce the superoxide radical, HO2*, also
following the radiation dose distribution. The superoxide radical has intermediate
reactivity between that of strongly reactive hydroxyl radicals and relatively weakly
reactive hydrogen peroxide.

We have previously described a new mechanism of IL-2 down-regulation [7].

Endogenous hydrogen peroxide produced by monocytes and endogenously

18




N

produced or exogenously added polyamines provide down-regulatory signals for
IL-2 production by human peripheral blood T cells. The interaction between
polyamine oxidase (PAO, EC 1.4.3.4, monoamine oxidase) and the polyamine
spermidine generates products (including hydrogen peroxide) over two days that
provide chronic low-level oxidative stress, suppressing IL-2 production.
Furthermore, we found that PAO activity suppressed protein tyrosine
phosphorylation, calcium mobilization and nuclear DNA-binding activities [8].

The objective of this study was to compare the effects of three modes of
inducing oxidative stress in human lymphocytes on stimulation-induced
transcription factors, in order to facilitate the development of functional markers for
the exposure to, and effect of, oxidative stress in man. Oxidative stress was exerted
on unstimulated cells since the vast majority of peripheral blood lymphocytes are in
a quiescent state. The modes studied were: a) high levels of reagent hydrogen
peroxide generating short but acute stress; b) PAO activity generating extracellularly
low levels of hydrogen peroxide for two days; and c) electron irradiation generating

both extra- and intracellularly mainly hydroxyl radicals.
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MATERIALS AND METHODS

Cells

T cells from the peripheral blood of healthy donors were studied. Cells were
incubated for all assays in a serum-free medium, because fetal calf serum contains
PAO activity [7]. Therefore, RPMI-1640 with Nutridoma-HU supplement
(Boehringer Mannheim Biochemicals, Indianapolis, IN) was used.

Lymphocyte preparation. Cells were purified by Ficoll-Hypaque (Pharmacia
Fine Chemicals, Uppsala, Sweden) density gradient centrifugation. The resultant
mononuclear cell preparation was allowed to adhere to plastic dishes to remove-
macrophages and other adherent cells.

Non-adherent mononuclear cells were mixed with a suspension of
neuroaminidase-treated sheep erythrocytes and incubated at 37°C for 15 min,
followed by centrifugation and further incubation at 4°C for 45 min. Thereafter, the
rosetted cells were obtained by centrifugation through Ficoll-Hypaque. The
erythrocytes in the cell pellet were lysed by exposure to 0.83% NH4Cl. The rosetted
cells contained more than 98% CD3* T cells, and 0.4-1% M3+ monocytes as

determined by flow cytometry.

Oxidative stress

These modes were used:

a) A short high level extracellular stress - reagent hydrogen peroxide was added
directly at 20, 50,100 and 200 uM for 2 hours. We have found that these levels
suppress IL-2 production in human blood lymphocytes without affecting cell

viability [9].
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b) A longitudinal low level extracellular stress - lymphocytes were preincubated
for 2 days with a commercial preparation of PAO (Sigma, a monoamine oxidase
which oxidizes polyamines at a 2.5-fold higher rate than benzylamine, 7) at 5x10-4
U/ml and spermidine at 5 uM. This exposure generates gradually 5 uM hydrogen
peroxide over two days and suppresses IL-2 production in response to mitogenic
stimulation [7].
c) Electron radiation generating both extra- and intracellularly mainly hydroxyl
radicals - lymphocytes were exposed to a radiation dose of 6 Gy for 5 minutes. This
dose produces nonlethal cellular responses [10] and generates oxidants per time unit
at about 20 fold higher levels than mode b), but for a much shorter period of time.
We used a 2.5 MeV Van de Graaff accelerator that generated electrons to a maximum .
energy of 1.8 MeV. The cells were exposed in suspension to high energy x-rays
generated by stopping the electron beam in a tantalum plate. Doses were
continuously monitored by means of parallel plate ionization chambers coupled
with a stable, vibrating reed, electrometer.

Oxidative stress was exerted and the cells were washed and rested for 2 hours

before stimulation in order to exclude any possible effects on the assay used.
Measurements of transcription factor activities

For T cell stimulation we used phytohemagglutinin (PHA) (1 ug/ml) +
tetradecanoyl phorbol acetate (TPA) (5 ng/ml), for 6 h at 37°C, 5% COy, prior to
collecting the cells for nuclear extraction.

DNA-binding determination by the electrophoretic mobility shift assay (EMSA)

Preparation of nuclear extracts. Cells were washed and nuclear extracts were

prepared according to a modification of Schreiber et al. [11]. This method is suitable
for small numbers of cells and therefore appropriate (based on our experience; 8,12)

for studies of peripheral blood lymphocytes. Cells were washed and resuspended in
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Tris buffered saline, transferred to an Eppendorf tube and repelleted. The cell pellet
was resuspended in a buffer containing: 10 mM Hepes, 10 mM KCl, 0.1 mM EDTA,
0.1 mM EGTA, 1 mM DTT, 1 mM PMSF, 5 ug/ml Aprotinin, 5 ug/ml Antipain, 100
UM Benzamidine, 5 nug/ml Leupeptin, 5 ug/ml Pepstatin, 5 ug/ml soybean trypsin
chymotrypsin inhibitor, pH 7.9. The cells were allowed to swell on ice for 15 min
and NP-40 at 0.625% was added. The tube was vortexed for 10 seconds and
centrifuged for 30 seconds in a microfuge. The nuclear pellet was resuspended in a
buffer containing 20 mM Hepes, 0.4 M NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM DTT,
and the 7 aforementioned protease inhibitors, pH 7.9. The tube was vigorously
rocked on wet ice for 15 minutes on a shaking platform, and the nuclear extract was
centrifuged for 5 minutes to remove insoluble nuclear matrix. The protein
concentration of the supernatant was determined (Bradford method, Bio-Rad
Protein Assay Kit). Aliquots were stored at -70°C.

DNA-protein interactions. DNA probes containing the binding sites from the

IL-2 promoter region [3] were purchased from Genosys (The Woodlands, TX). The
probe for NFAT-1 spans between nucleotides -255 and -285:
5-GGAGGAAAAACTGTTTCATACAGAAGGCGTT-3’
The probe for AP-1 spans between nucleotides -140 and -156:
5-TTCAAAGAGTCATCAG-3
The probe for NF«B spans between nucleotides -190 and -214:
5-TAACAAACAGGGATTTCACCTACAT-¥

The probes were labeled with 32P-ATP using T4 polynucleotide kinase
(Promega). For the binding assay, 10,000 com DNA probe (~ 0.2 ng) were combined
with 2 pg poly(dI-dC) (a nonspecific competitor DNA), 3 ug BSA (a protein carrier)
and 10 pg nuclear extract in a final reaction volume of 20 ul. The binding reaction
mixture was incubated for 15 min in a 30°C water bath. The protein-DNA
complexes were detected on a 4% low-ionic-strength native polyacrylamide gel. The

gel was dried under vacuum and autoradiographed.
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Measurements of lipid peroxidation

Quantitative peroxide assay. A lipid compatible formulation of the
PeroXOquant Quantitative Peroxide Assay (Pierce Chemical Co., Rockford, IL) was
used. This assay is adapted to measure cellular hydroperoxides. To differentiate
between hydrogen peroxide and peroxides of cellular molecules (such as lipid
peroxides) we followed the recommendations of the manufacturer and regarded any
catalase (7000U/ml)-inhibitable measurement as representing hydrogen peroxide. In
the assay, peroxides convert Fe2+ to Fe3* in a sulfuric acid solution. The Fe3+
complexes with the xylenol orange dye to yield a purple product with absorbance at
540-600 nm. The molar extinction coefficient of the xylenol orange-Fe3+ complex is
1.5x104 M-lem! in 25 mM HSOy at room temperature. Five million cells were lysed .
by sonication (two 10 seconds pulses with a 10 seconds interval) and incubated for
15-20 minutes at room temperature in the following working solution (10 times the
volume of the sonicate): 0.25mM ammonium ferrous (II) sulfate, 25mM H>504, 4mM
BHT, 125uM xylenol orange in methanol. Results were read at 595 nm in a microtiter
plate reader. For calibration and validation, a series of hydrogen peroxide solutions
at concentrations between 1uM to 1mM were prepared and assayed. Results were
calculated per protein concentrations as determined by the Bradford method. Since
the peroxide assay allows to measure peroxides without lipid extraction, a blank
without ammonium ferrous (II) sulfate and HSO4 was used to subtract endogenous

iron (and other transition metals) readings [13].

Measurements of catalase activity

Ten million cells were lysed by sonication (two 10 seconds pulses with a 10
second interval) in 0.5 ml PBS. The resultant sonicate was centrifuged at 14,000xg for

10 minutes at 40C. Catalase activity was measured in the supernatant. Fifty pL of the
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supernatant were mixed with 600 uL of 15 mM HyO; in a cuvette. The kinetics of the
decrease in light absorbance at 240 mm (H>O, decomposition) were determined for 3
minutes in a DU 640 spectrophotometer (Beckman, Fullerton, CA). A cuvette
containing only PBS served as blank. A cuvette without a sample was used to ensure
that H,O, does not decompose spontaneously under our experimental conditions.
Enzymatic activity was expressed as the rate constant of a first-order reaction (k)
divided by the protein concentration. A; and A; refer to the absorbance before and
after a given time interval of measurement (t), respectively. k=(2.3/t)(log A1/ A3)

(sec’l'mg protein) [14,15].
Reagents

All reagents were purchased from Sigma (St. Louis, MO) unless otherwise

stated.
Statistical analysis of data

Data were analyzed, where appropriate, using student’s T test.
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RESULTS

Transcription factor DNA-binding studies

Since this study aims to develop markers of oxidative stress-induced
suppression of cellular function, we studied the ability of DNA sequences from the
TL-2 promoter to bind to proteins present in nuclei of lymphocytes that are
stimulated by mitogens and are commencing proliferation. IL-2 is central to the
cellular immune response and inability to express this gene would result in cellular
dysfunction of T lymphocytes. Three DNA-binding activities present in activated
lymphocytes were studied: NFxB, AP-1 and NFAT. The cells were subjected to
oxidative stress: an enzymatic activity (PAO) generating hydrogen peroxide,
irradiation and four concentrations of hydrogen peroxide administered directly to -
the cells. None of these stresses affected lymphocyte viability which remained at
95%, as determined by trypan blue exclusion. Figure 1 demonstrates the effect of
oxidative stress on NFkB DNA-binding in T lymphocytes. While unstimulated cells
(Unst.) do not express NFkB DNA binding, stimulated cells (Stim.) do express this
activity and the interaction is specific as shown by its prevention in the presence of a
specific competitor (an excess of unlabeled NFxB DNA, Stim.+Comp.). All the types
and levels of oxidative stress we employed completely abolished the induction of
NFxB DNA-binding in stimulated T lymphocytes.

As can be seen in Figures 2 and 3, protein binding activities to two other DNA
sequences (AP-1 and NFAT) were only expressed in stimulated T cells and were
abolished by exposing the cells to oxidative stress, similar to the results obtained

with the NFxB sequence.
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Lipid peroxide determination in lymphocytes exposed to oxidative stress

Since the goal of these studies was to develop markers of oxidative stress in
lymphocytes, we measured lipid peroxidation as a biochemical parameter of
exposure to oxidants. The basal level of lipid peroxides in T lymphocytes was
2.4%0.7 nmoles lipid hydroperoxides/mg protein. Only treatment with hydrogen
peroxide at 20 uM for 2 hours induced a rise in cellular peroxides to 11.9£1.8 nmoles
lipid hydroperoxide/mg protein (P<0.0005), while the other treatments (hydrogen
peroxide at 50-200 pM, polyamine oxidase and irradiation) did not induce any rise 1n
the levels of lipid peroxides above basal levels. A possible explanation to these
findings is that the direct biochemical damage was repaired within two hours after.
the exposures. The lowest concentration of hydrogen peroxide may not have been
sufficient to induce appropriate levels of anti-oxidant defenses, allowing the lipid
peroxidation to be detected. To investigate this possibility, levels of the major anti-
oxidative enzyme - catalase, were measured in T lymphocytes exposed to oxidative

stress.
Catalase determination in lymphocytes exposed to oxidative stress
Every oxidative stress exposure except for hydrogen peroxide at 20 uM,

induced a significant rise in the cellular catalase activity above the basal level (Figure

4).
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DISCUSSION

Three modes of oxidative stress: hydrogen peroxide, polyamine oxidase
activity generating hydrogen peroxide gradually, and irradiation, suppressed the
activation-dependent DNA-binding activities of three transcription factors: NF«B,
AP-1 and NFAT, in human peripheral blood T lymphocytes. Only exposure to
hydrogen peroxide at 20 uM generated measurable lipid peroxidation products in T
lymphocytes while this was the bnly exposure that did not induce an increase in
cellular catalase activity.

We have previously reported [8] that exposure to polyamine oxidase results
in suppression of transmembrane signal transduction in human peripheral blood T
lymphocytes. This leads to suppression of the activation-dependent expression of
transcription factors in the nucleus, and finally to inhibition of the transcription of
the IL-2 gene. In the current study, we compared the effects of different types and
levels of oxidative stress on nuclear signal transduction in exposed human
lymphocytes. Three transcription factor DNA-binding activities were suppressed in
T lymphocytes by every condition of oxidative stress employed. The fact that we did
not detect a dose response dependence in the suppression of transcription factor
activity by hydrogen peroxide suggests that suppressing early signaling events by
oxidative stress [8], results in an all-or-none effect on distal signaling steps in the
nucleus.

The DNA-binding activities of NFxB and AP-1 are induced upon exposure to
oxidants [16-18]. The apparent contradiction with our results may be resolved by
recogniziﬁg that in our system (but not in the other studies mentioned), cells were
incubated for 2 hours in fresh medium after the exposures, followed by stimulation
for 6 hours, and only then were DNA-binding activities determined. Therefore, we
are assessing the effects of oxidative stress on T cell mitogenic activation rather than

the direct effect on transcription factor activities. We have previously found that
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oxidative stress suppresses early signal transduction steps, protein tyrosine
phosphorylation and calcium mobilization [8]. Therefore, the eventual suppression
of transcription factor activities may actually reflect early effects of oxidative stress
on lymphocyte transmembrane signal transduction. In this context, the decline in IL-
2 production by human T lymphocytes from aged persons in response to in vitro
stimulation, is associated with impaired activation of AP-1 and NFAT [19]. In view
of the oxygen radical-related theory of aging, this is potentially an example of T cell
suppression at the signal transduction level by oxidative stress in vivo.

We found that radiation suppressed the expression of DNA-binding activities
in activated T lymphocytes. Radiation of human lymphocytes in vitro was previously
found to suppress constitutive surface marker expression [20] and enhance
micronuclei occurrence following stimulation [21].

Since NFkB and AP-1 were recently found to be the most important IL-2 cis-
regulatory elements in normal T cells [22], and we have shown that the acute and
chronic modes of oxidative stress used in this study suppress IL-2 production by
human lymphocytes [7,9], our results strongly suggest that suppression of
transcription factor function caused by inducing oxidative stress in human
lymphocytes, contributes to down-regulation of IL-2 production and cellular
activation. IL-2 is a major growth factor regulating T lymphocyte proliferation [23].
Therefore, suppression of nuclear signaling events that control IL-2 expression
reflects not only exposure but also the detrimental effect of exposure to oxidative
stress inducers.

Direct measurements of lipid hydroperoxides did not detect increased levels
following oxidative stress, except for exposure of T lymphocytes to the lowest
concentration of hydrogen peroxide. The same hydrogen peroxide concentration (20
M) was the only one from among the oxidative stress exposure employed in the
current study, that did not induce a rise in catalase activity. Therefore, we suggest

that when the oxidative stress induces an anti-oxidative response, i.e., catalase
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activity, lipid peroxidation is not detectable. PAO did not induce lipid peroxidation,
although the enzymatic activity generates only 5 uM HyO,, because the intensity of
the cellular stress is determined not only by the concentration of the oxidant but also
by the duration of the exposure (in the case of PAO - 2 days). Accordingly, PAO
exposure induced an increase in cellular catalase activity.

On the other hand, all 3 modes of oxidative stress resulted in suppression of
cellular function that was clearly evident even 8-26 hours after the exposures, as
judged by transcription factor activities. Our results suggest that a functional
parameter (nuclear signal transduction) is much more sensitive than a structural
parameter (lipid peroxidation) as a marker of oxidative damage to human blood
lymphocytes.

These results suggest that transcription factor functions can potentially be
used as markers of blood lymphocyte exposure to oxidants (including hydrogen
peroxide and hydroxyl radicals) which generate either acute or chronic stresses. Our
studies were conducted with human peripheral blood lymphocytes which are
readily available, and should therefore be amenable to development into
population-based markers of environmental exposure to oxidants. Ex vivo

peripheral blood cells can also be used for follow-up of exposed individuals.
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ABBREVIATION LIST

EMSA - Electrophoretic mobility shift assay
IL-2 - Interleukin 2

PAO - Polyamine oxidase

PHA - phytohemagglutinin

TPA - tetradecanoyl phorbol acetate
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FIGURE LEGENDS

1. Suppression of NFkB DNA-binding by oxidative stress. T cells were pre-treated
with polyamine oxidase (Stim.+PAO, for 2 days at 5x10-4U/ml + spermidine at 5uM,
and then washed and incubated for 2 hours in fresh medium), or irradiation
(Stim.+Irr., for 5 minutes at 6 Gy and then incubated for 2 hours in fresh medium),
or hydrogen peroxide (Stim.+HOp, for 2 hours at the indicated concentration and
then washed and incubated for 2 hours in fresh medium). Cells were then
stimulated with PHA (1pg/ml) + TPA (5ng/ml) for 6 hours. In addition, control
cultures of untreated cells were either not stimulated (Unst.) or stimulated with PHA
+ TPA for 6 hours (Stim.). Nuclear extracts were prepared and 10 ug of protein was
incubated with 32P-labeled NFkB sequence and electrophoresed. The lanes were
loaded with DNA without nuclear extract (Free), DNA with extract from untreated
and unstimulated cells (Unst.), DNA with extract from untreated and stimulated
cells (Stim.), same as Stim. + 50x excess of unlabeled probe (Stim.+Comp.), and DNA
with extracts from pre-treated cells that were also stimulated (Stim.+PAQO, Stim.+Irr.,
Stim.+H03). The gel was dried and autoradiographed. The arrow marks the

specific DNA-protein complex.

2. Suppression of AP-1 DNA-binding by oxidative stress. Same as Figure 1 except

that 32P-labeled AP-1 sequence was used.

3. Suppression of NFAT DNA-binding by oxidative stress. Same as Figure 1 except

that 32P-labeled NFAT sequence was used.

4. Enhancement of catalase activity by oxidative stress. T cells were exposed to
polyamine oxidase (PAO, for 2 days at 5x10-4U/ml + spermidine at 5uM, and then

washed and incubated for 2 hours in fresh medium), or irradiation (Irr., for 5
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minutes at 6 Gy and then incubated for 2 hours in fresh medium), or hydrogen
peroxide (HpO; at the indicated concentration, UM, for 2 hours and then washed and
incubated for 2 hours in fresh medium). Cells were lysed and cytosolic catalase
activity was measured by following kinetically the decomposition of hydrogen
peroxide in a spectrophotometer, and calculated per protein concentration. Catalase
activity in untreated cells was 1.240.09 (sec’l'mg protein). Results shown are the
increase in catalase activity in stressed cells over untreated cells*SD. The increase in

catalase activity was significant at p<0.01*, 0.005**, 0.0005***.
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i APPENDIX B

Ozone-induced IL-8 expression and transcription factor
binding in respiratory epithelial cells

I. JASPERS, E. FLESCHER, AND L. C. CHEN
Department of Environmental Medicine, New York University

Medical Center, Tuxedo, New York 10987

Jaspers, L, E. Flescher, and L. C. Chen. Ozone-induced
IL-8 expression and transcription factor binding in respira-
tory epithelial cells. Am. J. Physiol. 272 (Lung Cell. Mol.
Physiol. 16): L504-L511, 1997.—Ozone, one of the most
reactive oxidant gases to which humans are routinely ex-
posed, induces inflammation in the lower airways. The air-
way epithelium is one of the first targets that inhaled ozone
will encounter, but its role in airway inflammation is not well
understood. Expression of inducible genes involved in the
inflammatory response, such as interleukin (IL)-8, is con-
trolled by transcription factors. Expression of the IL-8 gene is
regulated by the transcription factors nuclear factor (NF)-«B,
NF-IL-6, and possibly activator protein-1 (AP-1). Type II-like
epithelial cells (A549) were grown on a collagen-coated mem-
brane and exposed in vitro to 0.1 ppm ozone or air. Exposure
to ozone induced DNA-binding activity of NF-kB, NF-IL-6,
and AP-1. IL-8 mRNA and IL-8 protein levels were also
increased after ozone exposure. These results link ozone-
induced DNA-binding activity of transcription factors and the
production of IL-8 by epithelial cells thus demonstrating a
potential cellular cascade resulting in the recruitment of
inflammatory cells into the airway lumen.

nuclear factor-kB; nuclear factor-interleukin-6; activator pro-
tein-1; A549 cells

OZONE IS a common urban air pollutant to which
humans are routinely exposed. The National Ambient
Air Quality Standard for ozone, 0.12 ppm for a daily 1-h
average, is exceeded in more than 60 cities of the
United States (38). Laboratory animal and human
clinical studies have demonstrated that ozone causes
reversible decrements in pulmonary function, in-
creased permeability of the epithelium, influx of inflam-
matory cells, impaired pulmonary defense capacity,
and tissue damage (21). The morphological and bio-
chemical changes measured after ozone exposure result
from the direct effects of the interaction of ozone (or its
derived products) with cells and the inflammatory
response against that initial damage (38).

An important cellular mechanism by which the lung
reacts to inhaled noxious gases or particles is the
recruitment of inflammatory cells, especially neutro-
phils, from the vasculature into the airway lumen.
These neutrophils release soluble factors, including
proteolytic enzymes and reactive oxygen intermediates
(ROI), which can initiate changes in lung function and
morphology (17). Increased numbers of infiltrated neu-
trophils in the bronchoalveolar lavage fluid (BALF) of
humans exposed to ambient concentrations of ozone
(0.1 ppm for 6.6 h) were observed 18 h postexposure
(12), whereas markers of airway inflammation in the
BALF of exercising individuals exposed to 0.4 ppm for 2
h could be observed as early as 3 h postexposure (30).

L504
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It is not yet known which cell type initiates the lower
airway inflammatory response after ozone exposure.
The pulmonary epithelium, comprised of several differ-
ent cell types, is one of the first targets that inhaled
ozone will encounter and could therefore be a plausible
initial mediator of pulmonary inflammation. Specifi-
cally, epithelial cells in the proximal alveolar region are
susceptible to damage by inhaled ozone (6). Alveolar
type II cells play an important role in defense mecha-
nisms of the respiratory tract by acting as a physical
barrier to inhaled agents and as the main source of
pulmonary surfactant (35). More recently, the airway
epithelium has been implicated as an “effector” tissue
responding to exogenous stimuli by releasing a variety
of cytokines (1), such as interleukins (IL)-1, -3, -6, and
-8, granulocyte macrophage colony-stimulating factor,
granulocyte colony-stimulating factor (G-CSF), and
tumor necrosis factor-a (TNF-a; see Ref. 11). IL-8, a
potent neutrophil chemotactic factor (5), is a potential
mediator of pulmonary inflammation.

DNA binding of transcription factors is a necessary
step in the expression of inducible genes involved in
inflammatory and immune responses. Oxidative stress
appears to be an important regulator of IL-8 gene
expression (10), which has been shown to be under the
synergistic control of nuclear factor (NF)-«xB and NF-
IL6 sites in its promoter region (18). An NF-IL-6-like
sequence was identified between nucleotides —94 and
—81, whereas NF-«B binds to a region between nucleo-
tides —80 and —71 (18). Activation of NF-«B and
NF-IL-6 DNA-binding activity is thought to occur
through the induction of signaling cascades involving
ROI and protein kinases (28, 36). An activator protein-1
(AP-1) sequence was also identified, but its activity
may be dispensable (18). DNA-binding activity of AP-1
is regulated by a redox mechanism involving a con-
served cysteine residue in the DNA-binding domain
and/or phosphorylation of the AP-1 subunits Fos and
Jun (9). The role of ozone in the activation of protein
kinases and the induction of DNA-binding activity of
NF-«kB, NF-IL-6, and AP-1 is currently not known.

In this study, we investigated whether in vitro expo-
sure of A549 cells, a human alveolar type II-like cell
line, to a low level of ozone induces the DNA-binding
activity of the transcription factors NF-«xB, NF-IL-6,
and AP-1 and whether this is associated with ozone-
induced activation of IL-8 gene transcription and trans-
lation. Furthermore, we examined whether these cells
display polarity in their release of IL-8. Our results
demonstrated that in vitro exposure of A549 cells to 0.1
ppm ozone induced the activity of the transcription
factors NF-kB, NF-IL-6, and AP-1 and increased the
expression of IL-8 mRNA and production of IL-8. The
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release of IL-8 was initially and predominantly toward
the apical side, supporting the proposed mechanism of
neutrophil movement along a chemotactic gradient (5)
toward the airspace lumen.

MATERIALS AND METHODS

Cell lines and cell culture. A human pulmonary type II
epithelial-like cell line (A549 from American Type Cell Cul-
ture, Rockville, MD), derived from a patient with alveolar cell
carcinoma of the lung, was used in this study. These cells
retain features of type II alveolar epithelial cells, including
cytoplasmic multilamellar inclusion bodies, but cannot be
definitively characterized as of type II origin or function (19).
A549 cells were cultured in F-12K media plus 10% fetal
bovine serum (FBS; GIBCO-BRL, Gaithersburg, MD) plus 1%
penicillin and streptomycin (GIBCO-BRL).

In vitro exposure. A549 cells were grown on Vitrogen-
coated (Collagen, Palo Alto, CA) Costar clear transwells (25
mm diameter, 0.4 pm pore size; Costar, Cambridge, MA) until
a confluent monolayer was established (~2 X 108 cells/well).
To avoid interference of serum components with possible
ROI-mediated ozone effects, cells were cultured in phenol
red-free F-12 nutrient mixture (Ham’s; GIBCO-BRL) without
FBS 1 h before and throughout the exposure. Just before
exposure, the apical media was aspirated while 2 ml media
remained in the basolateral compartments to supply cells
with nutrients. The cell monolayers were kept at 37°C and
exposed to preheated/prehumidified 0.1 ppm ozone, balanced
with 5% CQO,, or exposed to incubator air (which hereafter will
be called air-exposed cells) for 2.5 or 5 h. This ozone concentra-
tion and exposure duration are frequently achieved in the
ambient air of southern California (21). Ozone was produced
by passing 0.5% O, (in argon carrier) through an ozonizer
(Sander), and the exposure concentration was monitored
continuously using an Ozone Analyzer (model 8810; Monitor
Labs, San Diego, CA). Unexposed incubator control cells
remained covered by F-12 media on the apical side through-
out the exposure period. To evaluate whether the effects seen
after ozone exposure were unique to ozone or were caused by a
nonspecific state of oxidative stress, cells received a bolus
addition of 0.1, 0.5, and 1 mM H,0,, which remained in the
apical compartment for 5 h.

Immediately after exposure, cells were removed from the
membranes using 0.1% trypsin-EDTA (GIBCO-BRL), and
viability was assessed using the trypan blue exclusion method.

Electrophoretic mobility shift assay. Nuclear factors for the
mobility shift assay were prepared from A549 cells immedi-
ately after exposure as described by Flescher et al. (14).
Briefly, cells were' washed with phosphate-buffered saline.
Extraction buffer made of 10 mM N-2-hydroxyethylpiperazine-
N'-2-ethanesulfonic acid (HEPES), 10 mM KCl, 0.1 mM
EDTA, 0.1 mM ethylene glycol-bis(B-aminoethyl ether)-
N,N,N’ N'-tetraacetic acid (EGTA), 1 mM dithiothreitol
(DTT), and seven protease inhibitors (1 mM phenylmethylsul-
fonyl fluoride, 5 nug/ml aprotinin, 5 pg/ml antipain, 100 pM
benzamidine, 5 pg/ml leupeptin, 5 ng/ml pepstatin, and 5
pg/ml soybean trypsin-chymotrypsin inhibitor, pH 7.9) was
added to the monolayers, and the cells were removed by
manual scraping with a rubber policeman and transferred to
a microcentrifuge tube. The cells were allowed to swell on ice
for 15 min, and Nonidet P-40 at 0.625% was added. The tube
was vortexed and centrifuged for 30 s in a microcentrifuge.
The nuclear pellet was resuspended in buffer containing 20
mM HEPES, 400 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM
DTT, and the seven previously listed protease inhibitors. The
tube was vigorously rocked on ice for 15 min on an orbital

shaker platform, and the nuclear extract was centrifuged for
5 min in a microcentrifuge. The supernatant contained the
nuclear extracts. Protein concentrations of the nuclear ex-
tracts were determined using the Bradford method (Bio-Rad
protein assay kit). Oligonucleotides containing the NF-«B
and AP-1 sequences (Promega, Madison, WI) were labeled
using [y-*2PJATP and T4 polynucleotide kinase (New England
Biolabs, Beverly, MA). The oligonucleotide containing the
NF-IL-6 consensus sequence (5'-TTCAACCTGTTTCGCAGT-
TTCTCGAGGAATCA-3'; see Ref. 8) was labeled using
{a-32P]CTP and Klenow enzyme (Boehringer Mannheim, In-
dianapolis, IN). Four micrograms of nuclear extract, 20,000
counts/min labeled probe, and 2 pg poly d1/dC were mixed in a
total volume of 20 pl. The mixture was incubated for 60 min
on ice, loaded on a 4% polyacrylamide gel, and subjected to
electrophoresis at 20 mA for 1.5-2 h. The gel was dried and
autoradiographed on Kodak XAR-5 film at —70°C for 1-3
days.

RNA analysis. RNA was extracted at 0, 4, and 16 h
postexposure using RNazol (Biotecx, Houston, TX). The
amount of RNA present was determined by spectrophotomet-
ric absorbance at 260 nm. RNA (15 pg) was loaded onto a 1.5%
agarose gel and subjected to electrophoresis at 15-20 volts
overnight. The electrophoresed RNA was transferred onto
membrane filters (Nytran; Schleicher & Schuell, Keene, NII)
and fixed by ultraviolet cross-linking. Membrane-bound RNA
was prehybridized and then hybridized to [32P]cDNA probe
(IL-8 cDNA; R & D Systems, Minneapolis, MN) at 52°C in 1X
sodium chloride-sodium phosphate-EDTA (SSPE), 2X Den-
hardt’s, 0.1% sodium dodecyl sulfate (SDS), and 0.1 mg/ml
denatured tRNA and salmon sperm DNA. As control, 285
c¢DNA (Clontech Laboratories, Palo Alto, CA) was radiola-
beled and hybridized as described above. After hybridization,
the filters were washed at a final stringency of 5X SSPE-0.1%
SDS at 52°C and exposed to Kodak X-OMAT S film at —70°C
for 1-3 days. Autoradiogram signal strengths of hybridized
mRNA were quantified using a laser densitometer (BioImage;
Millipore, Ann Arbor, MI). All I1.-8 mRNA levels were normal-
ized to 288 expression and expressed as degree of induction
over control mRNA isolated from incubator control cells at
time 0.

Measurement of IL-8 levels. Immediately after the expo-
sure period, all media were aspirated, and 1 ml fresh phenol
red-free F-12 nutrient mixture was added to the apical and
basolateral sides. Cells were cultured for an additional 4, 16,
and 24 h, and at each time point the conditioned culture
media was collected for measurement of IL-8 levels. Release
of IL-8 by epithelial cells into the apical and basolateral
compartments was assayed with a human [L-8 enzyme-
linked immunosorbent assay kit (R & D Systems), according
to the instructions given by the manufacturer. Briefly, the
IL-8 present in the samples reacts with an immobilized
murine monoclonal antibody against IL-8. An enzyme-linked
polyclonal antibody specific for IL-8 reacts with the IL-8
bound to the monoclonal antibody. Addition of the enzyme
substrate develops color in proportion to the bound IL-8. Any
unbound proteins are washed away with a buffered surfac-
tant solution. To assess total IL-8 released by A549 cells, the
amounts of IL-8 secreted into the apical and basolateral
compartments were combined and expressed as picograms
IL-8 per well.

Statistical analysis. All data were analyzed relative to
control. This was done using a two-way analysis of variance to
test for exposure and postexposure time effects. The Fisher’s
post hoc test was used to determine if the exposed groups
were different from one another. Three Transwells per expo-
sure group were used in this study.
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RESULTS

DNA-binding activity of NF-kB, NF-IL-6, and AP-1.
Figure 1 shows that neither exposure to air or 0.1 ppm
ozone nor treatment with 1 mM H,0, for 5 h caused a
significant decrease in viability of A549 cells compared
with unexposed control cells. The effects of ozone
exposure on the DNA-binding activity of NF-xB, NF-
IL-6, and AP-1 in A549 cells are shown in Fig. 2.
Analysis of nuclear factors isolated from A549 cells
exposed to 0.1 ppm ozone for 5 h using the mobility shift
assay showed the induction of the DNA-binding activ-
ity of all three transcription factors. Exposure to air
had no effect on the activity of NF-kB and NF-IL-6 but
slightly induced the DNA-binding activity of AP-1.
Nuclear factors isolated from unexposed control cells
also showed a weak band of DNA-binding activity of
AP-1 (data not shown), similar to the activity of nuclear
extracts from air-exposed cells. These results suggest
that AP-1 may be constitutively present in A549 cells.
In addition, treatment with H,O, induced the DNA-
binding activity of NF-xB (Fig. 24, lane 2) but did not
induce NF-IL-6 DNA binding (Fig. 2B, lane 2). Specific-
ity of the transcription factor DNA-binding activity was
examined by adding an excess of the specific unlabeled
oligonucleotide to the reaction mixture. The addition of
50X nonradiolabeled oligonucleotide successfully com-
peted for the DNA binding of the respective transcrip-
tion factor.

Induction of IL-8 transcription after ozone exposure.
The induction of the DNA-binding activity of transcrip-
tion factors that control IL-8 gene expression (22)
suggested that ozone exposure may affect IL-8 mRNA
levels in A549 cells. To examine the effect of ozone and
air exposure on IL-8 mRNA levels, RNA was isolated at
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Fig. 1. Effects of air and ozone exposure or treatment with 1 mM
H,0; on cell viability. Exposure to ozone or air or treatment with
H,0, did not decrease cell viability compared with control cells. After
exposure to 0.1 ppm ozone or air or treatment with 1 mM H;0, for 5 h,
cell viability was assessed by trypan blue exclusion. Values shown
represent means + SE of 3 separate experiments. Error bar for

air-exposed cells is too emall to be shown.
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Fig. 2. Exposure to ozone induces nucléar factor (NF)-xB, NF-IL-6,
and activator protein-1 (AP-1) DNA-binding activity. A549 cells were
exposed to air or 0.1 ppm ozone or treated with 1 mM H3O0; for 5 h,
nuclear extracts were prepared, and 4 pg protein were incubated
with 32P-labeled NF-kB (A), NF-IL-6 (B), and AP-1 (C) sequences and
then electropheresed. Lanes were free (DNA without nuclear extract)
or loaded with air (nuclear extract from air-exposed cells), ozone
(nuclear extracts from ozone-exposed cells), air + 50X comp (same as
air plus 50X excess of unlabeled probe), or ozone + 50X comp (same
as ozone plus 50X excess unlabeled probe). In A and B, lane 2 is Ho O,
(nuclear extracts isolated from H;O;-treated cells). Gels were dried
and autoradiographed. Arrows mark specific DNA-protein com-
plexes.

0, 4, and 16 h postexposure. As illustrated in Fig. 3,
exposure to 0.1 ppm ozone for 5 h induced a significant
increase in IL-8 mRNA levels within 4 h after exposure
compared with air-exposed cells. At 16 h postexposure,
the mRNA levels in the ozone-exposed cells decreased.
Exposure to air also elevated expression of the IL-8
gene in A549 cells compared with unexposed control
cells but was significantly lower than in ozone-exposed
cells. :
Comparison of ozone- and H,0y-induced expression of
IL-8. To investigate whether the changes seen after
ozone exposure are caused by general oxidative stress
or some other more ozone-specific phenomena, we
treated cells with various concentrations of H;0, for 5
h. The autoradiograph in Fig. 4A compares IL-8 mRNA
isolated from H,O,-treated and ozone-exposed A549
cells 4 h postexposure. Treatment with various concen-
trations of H,O, did not increase IL-8 mRNA levels, in
contrast to what is seen after exposure to ozone.
Similarly, Fig. 4B shows that IL-8 production 4 h after
exposure was significantly higher in ozone-exposed
cells compared with unexposed control cells, air-
exposed cells, or HyO,-treated cells. Neither air expo-
sure nor treatment with various concentrations of H,O,
significantly increased IL-8 production compared with
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Fig. 3. Exposure to ozone increases interleukin (IL)-8 mRNA levels.
RNA was isolated from A549 cells at 0, 4, and 16 h after exposure to
0.1 ppm ozone or air for 5 h. A: IL-8 mRNA levels were normalized to
28S rRNA and expressed as percent of control cells. Values shown
represent means * SE of 3 individual experiments. *Significantly
different from air-exposed cells; P < 0.05. B: representative autoradio-
graph showing hybridization to IL-8 (top) and 28S (bottom) cDNA.
Northern blot analysis shows that exposure to ozone induces expres-
sion of IL-8 gene within 4 h after exposure.

unexposed control cells. This suggests that exposure to

- air or treatment with H,O, had no significant effect on
the regulation of IL-8 synthesis beyond the documented
spontaneous production of IL-8 by A549 cells (3), as
detected by us in control cells.

Effects of exposure duration on IL-8 expression. To
examine whether the effect of ozone on the expression
of IL-8 was dose dependent, we analyzed IL-8 mRNA
and protein levels after 2.5- and 5-h exposures to 0.1
ppm ozone. Figure 5, A and B, compares expression of
IL-8 after 2.5- and 5-h exposures. Figure 5 shows that
exposure of A549 cells to 0.1 ppm ozone for 5 h induced
a significantly higher expression of IL-8 than exposure
for 2.5 h. At both time points, IL-8 production was

@50%

significantly higher in ozone-exposed cells than in
air-exposed cells.

Comparison of IL-8 levels in the apical and basolat-
eral compartments. Because airway epithelial cells in
vivo are thought to possess polarity in their morphology
and release of mediators, we examined next whether
the ozone-induced accumulation of IL-8 was different in
the apical versus basolateral compartments. Figure 6
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Fig. 4. Comparison of ozone- and HyOz-induced effects on IL-8
expression. A: representative autoradiograph showing hybridization
of RNA isolated from A549 cells 4 h postexposure or posttreatment to
1L-8 (top) and 288 (bottom) cDNA. Northern blot analysis shows that
5 h of exposure to ozone induces greater expression of IL-8 gene than
either exposure to air or treatment with 0.1, 0.5, or 1.0 mM H,0; for 5
h. B: analysis of IL-8 content in conditioned media 4 h after exposure
shows that ozone induces significantly higher release of IL-8 than
exposure to air or treatment with Hy0,. *Significantly different from
control, air, or treatment with 0.1, 0.5, or 1.0 mM H,0,; P < 0.05.
Values are means + SE.
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Fig. 5. Effects of exposure duration on IL-8 expression. A: representa-
tive autoradiograph showing hybridization of RNA isolated from
A549 cells 4 h postexposure to IL-8 (top) and 28S (bottom) cDNA.
Northern blot analysis shows that 5 h of exposure to ozone induces
greater expression of IL-8 gene than exposure for 2.5 h. B: analysis of
IL-8 content in conditioned media 4 h after exposure shows that
exposure to 0.1 ppm ozone for 5 h induces significantly higher release
of IL-8 than exposure for 2.5 h and that ozone induces greater
expression of IL-8 than aix exposure independent of exposure dura-
tion. YSignificantly different from air-exposed cells; *significantly
different from 2.5-h exposure; P < 0.05. Values are means + SE.

shows that a significant rise in IL-8 in the apical
compartments could be observed as early as 4 h after
exposure, whereas this did not occur until 16 h postex-
posure in the basolateral compartments. At 24 h postex-
posure, IL-8 content in both apical and basolateral
compartments decreased in ozone-exposed cells. The
greatest difference between apical and basolateral IL-8
content was seen at 4 h postexposure. This difference

IL-8 AND TRANSCRIPTION FACTORS AFTER OZONE EXPOSURE

was still significant at 16 h postexposure. Air exposure
did not significantly increase IL-8 release into the
apical or basolateral compartments compared with
unexposed control cells.

DISCUSSION

The cellular mechanisms that induce eytokine produc-
tion in lung cells after pollutant exposures are still
unclear. Previous studies have suggested that IL-8
synthesis, which is under the synergistic control of the
transcription factors NF-kB and NF-IL-§, and possibly
AP-1 (18), is initiated by oxidative stress (10). We
therefore investigated whether exposure of respiratory
epithelial cells to the oxidant pollutant ozone induces
changes in the DNA-binding activities of NF-xB, NF-
IL-6, and AP-1 and whether these changes are reflected
in increased IL-8 mRNA and IL-8 protein levels. Our
results demonstrated that in vitro exposure of A549
cells to an environmentally relevant concentration of
ozone (21) induced the DNA-binding activity of tran-
scription factors responsible for the control of IL-8 gene
expression. The activation of NF-kB and NF-IL-6,
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Fig. 6. Comparison of IL-8 levels in apical (top) and basolateral
(bottom) media. Conditioned media was collected at 4, 16, and 24 h
after exposure to air or 0.1 ppm ozone for 5 h. Enzyme-linked
immunosorbent assay of IL-8 production in apical and basolateral
media shows that release of IL-8 is initially only toward the apical
side. *Significantly different from air-exposed cells; Ysignificantly
different from basolateral media; P < 0.05. Values shown represent
means + SE of 3 individual experiments. Some error bars of IL-8
levels in air-exposed cells are too small to be shown.
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which are essential in the expression of other inflamma-
tory cytokines, such as IL-6, G-CSF, and TNF-« (2, 24),
could comprise a proximal step in the ozone-induced
inflammatory response at a concentration that is not
overtly cytotoxic.

Other studies investigating pollutant-induced activi-
ties of transcription factors and expression of inflamma-
tory cytokines concur with our findings regarding the
ozone-induced activation of the transcription factors
NF-kB and NF-IL-6 and the production of IL-8 by
human pulmonary epithelial cells. For example, the
DNA-binding activities of NF-«B and NF-IL-6 as well
as the production of IL-8 were induced in asbestos-
exposed pulmonary epithelial cells, and the response
was thought to be mediated through asbestos-induced
oxidative stress (31). In another study, the activation of
NF-kB in lung tissue and the expression of the chemo-
kine cytokine-induced neutrophil chemoattractant were
observed in rats exposed to a high level of ozone (16). It
is possible that the induction of DNA-binding activity of
transcription factors, specifically NF-«B and NF-IL-6,
may result in the generation of other inflammatory
cytokines, such as G-CSF, TNF-qa, and IL-6, by pulmo-
nary cells. Therefore, activities of these transcription
factors may constitute a common and early step in
pollutant-induced inflammatory processes.

In our study, we observed dose-dependent increases
in the transcription of the IL-8 gene and production of
IL-8 in ozone-exposed respiratory epithelial cells. Al-
though these changes correlated with increased tran-
scription factor activities, further experiments, such as
using the recently developed inhibitor for nuclear trans-
location of NF-kB (20) or NF-IL-6 knockout mice (33),
are necessary to establish the dependency of ozone-
induced IL-8 release and transcription factor binding.
Nevertheless, the rise in NF-kB and NF-IL-6 DNA-
binding activities and levels of IL-8 mRNA after the
same exposure conditions, as well as the dependency of
IL-8 transcription on the activities of NF-xB and NF-

Ozone

Signaling Cascade (possibly involving
ROI, LOP, and protein kinases)

{

Activation of NF-xB,
NF-IL6, and AP-1

Basement membrane

hilQy

IL-6 shown by others (18, 22), suggest such a relation-
ship.

Ozone is thought to exert its toxic effects through the
formation of ROI at or near the epithelial membrane
(26). It is likely that pulmonary cells respond specifi-
cally to the membrane-associated ROI production rather
than a general state of oxidative stress, such as that
produced by H,0,. Indeed, as shown in our study, while
inducing the DNA-binding activity of NF-«B, similar to
that shown by others (29), apical stimulation of A549
cells with 1 mM H,0, failed to induce the DNA-binding
activity of NF-IL-6, a transcription factor essential for
the expression of IL-8 (18, 22). Furthermore, IL-8
mRNA and IL-8 protein levels were significantly lower
in H,O,-treated cells than in ozone-exposed cells. These
results indicate that the ozone-induced signaling cas-
cade is initiated, at least partially, by an ozone-specific
mechanism rather than by a general state of oxidative
stress. Evidence for the existence of an ozone-specific
mechanism is supported by recent findings that lipid
ozonization products (LOP), formed through the reac-
tion of ozone with membrane lipids, may be responsible
for the effects seen after ozone exposure (27).

The airway epithelium is known to possess polarity
in its morphology. Primary human tracheal epithelial
cells grown on membranes with a gas-liquid interface
retain that polarity in vitro, displaying ciliagenesis and
mucus production toward the apical side (15). Interest-
ingly, the results of our study indicate that A549 cells
retained polarity in their release of IL-8 after exposure
to ozone. Comparison of the apical and basolateral
conditioned media of ozone-exposed A549 cells showed
that the IL-8 release was mainly toward the apical side,
hence creating a concentration gradient. Our results
are in contrast to a study published by Devlin et al. (13),
which showed polarity in the release of IL-6, but not
IL-8, by a human bronchial epithelial cell line exposed
to ozone. The discrepancy in the results could stem
from differences in the cell line and exposure duration.

Airway Inflammation

Recruitment of Neutrophils

Fig. 7. Model of proposed biochemical
events induced in A549 cells upon expo-
sure to ozone, leading to airway inflam-
mation. ROL, reactive oxygen intermedi-
ates; LOP, lipid ozonization products.
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The cell line used in our study has type II-like cell
characteristics, whereas an SV40-transformed bron-
chial epithelial cell line was used by Devlin et al. (13).

Although in vitro exposures to ozone in a cell culture
system do not directly mimic in vivo exposure condi-
tions, it is a useful model to study intracellular mecha-
nisms of pollutant-induced injury in a homogenous cell
population (3, 7, 23). Culturing respiratory epithelial
cells on collagen-coated membranes, with nutrients
supplied from the basolateral side, facilitates the direct
exposure of these cells to gaseous pollutants on the
apical side, without the influence of other cellular and
biochemical reactions. Although these reactions are
important parameters in the initiation of lung injury,
they also make the investigation of the exact role that
respiratory epithelial cells play in pollutant-induced
inflammatory responses very difficult. As in other in
vitro studies, one has to be careful in extrapolating the
results obtained in this study to the in vivo situation,
especially since the cell line used throughout this study
cannot be definitively characterized as of alveolar type
II cell origin or function.

In conclusion, our study showed that exposure to
ozone induced the DNA-binding activities of NF-«B,
NF-IL-6, and AP-1, as well as the expression of IL-8, in
a dose-dependent manner and that this response was
epecific to ozone and could not be induced by treatment
with H,O,. Our results suggest that interaction of
ozone with epithelial plasma membranes induced an
intracellular signaling cascade, resulting in the genera-
tion of an IL-8 concentration gradient. The proposed
sequence of cellular events, as illustrated in Fig. 7,18 a8
follows. Formation of LOP or ozone-derived ROI could
activate protein kinases, such as protein kinase C and
tyrosine kinases (4, 27, 28, 32, 36). Upon phosphoryla-
tion, NF-kB, NF-IL-6, and AP-1 would be able to
translocate into the nucleus (9, 25, 34, 37), bind to the
DNA sequence in the IL-8 promoter region, and facili-
tate transcription. The ozone-induced IL-8 release would
be initially predominantly toward the apical side, thus
creating a chemotactic gradient along which neutro-
phils could migrate into the airway lumen. IL-8 de-
tected in the basolateral side may be derived from
site-directed secretion or diffusion of apically released
IL-8. The absence of obvious cell injury indicates that
ozone could physiologically stimulate cytokine produc-
tion in respiratory epithelial cells. The expression of
IL-8 shown in this study lies within the time frame of
neutrophil infiltration observed in humans (17). There-
fore, our findings may help explain the influx of inflam-
matory cells into the lung lumen of humans exposed to
ambient levels of ozone (12).
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. gOSINE PHOSPHORYLATION: A REQUIRED STEP IN
:\l_. ’OZO.\'E-_INDUCED PRODUCTION OF IL-8 BY
THE, RATORY EPITHELIAL CELLS. I Jaspers, L.C.
T E " “Flescher. Nelson Institute of Environmental
:;‘d':;iﬂe_ ~vew York University Medical Center, Tuxedo, NY

PPLL] .
. . «udies conducted in our laboratories have shown that ozone-
“7» mduces NF-kB and NF-[L6 DNA-binding activity and
- 57 [L-8 in respiratory epithelial cells. Phosphorylation of NF-
\F-IL6 appears to be essential in the nuclear-translocation and
of these transcription factors to the [L-8 promoter region. We,
.. investigated whether activation of protein tyrosine Kinases
<37 required in the signaling cascade leading to IL-8 production in
. _u.exposed_respiratory epithelial cells. In this study, we analyzed
.-e- the PTK inhibitors Herbimycin A and Genistein can prevent the
aduced activation of NF-kB and NF-IL6 as well as the expression
“{.3 in respiratory epithelial cells. A human alveolar type-II-like cell

1549) was exposed to 0.1 ppm ozone or air in the presence or
s Herbimycin A and Genistein. Treatment with Herbimycin A
-2d the ozone-induced DNA-binding activity of NF-kB and NF-IL6.
+emore. both Genistein and Herbimycin A significantly decreased the
:aduced production of IL-8 in 'A549 cells. We  conclude that
phosphorylation is an essential step in the ozone-induced
cascade léading to the expression of IL-8 in repiratory epithelial
‘.- Sponsored by EPA R81934Z and DAMD17-95-1-3058)

)
e

S

gs sustract is funded by:

- YROSINE KINASES. BUT NOT PROTEIN KINASE C, ARE REQUIRED FOR
SURFACTANT PROTEIN A STIMULATION OF ALVEOLAR MACROPHAGES.
s

Department of Cell
Jiology. Duke University Medical Center, Durham, NC, USA.

Surfactant Protein A (SP-A) is an immunomodulatory protein specific to the lung.
« sumulates a variety of events in alveolar macrophages including phagocytosis,
‘pemotaxis. and production of reactive oxygen species. However, the signal
qansduction pathways involved in the SP-A stimulation of these events are unciear.
We bypothesize that SP-A stimulates the phosphorylation of specific proteins within
Alveoiar macrophages and that this phospborylation activity is necessary for the SP-
A activation of macrophage function. specifically pbagocytosis and chemotaxis.
Protein phosphorylation was examined by Western blot, using monoclonal
ntibodies against phosphoproteins: phagocytosis was examined fl
microscopy after alveolar macrophage exposure to fluorescently-labeled
Streptococcus pneumonige. chemotaxis was measured using a modified Boyden
-hamber. We found that SP-A stimulates the rapid tyrosine. but not serine/threonine
shospburylation of specific proteins in alveolar macrophages, and that this
shosmgorvlation activity is inhibitable by genistein, a specific inhibitor of tyrosine
shosphorviation. The role of phosphorylation in phagocytosis and chemotaxis was
then examined using genistein and calphostin, a protein kinase C (PKC) inbibitor.
Genistein inhibited both SP-A-stimulated and nonopsonic phagocytosis, whereas
calphostin had no effect. Genistein also inhibited SP-A stimulation of chemotaxis,
but it had no effect on nondirected cell movement: again. calphostin had no effect.
These data suggest that tyrosine phosphorylation, but not PKC activity, is necessary
for both SP-A-and non-SP-A-stimulated phagocytosis and SP-A directed chemotaxis
m alveolar macrophages. [t remains to be determined what proteins are being
wrosine phosphorylated and whether this response is specific to SP-A stimulation of
aveolar macrophages. .

HL-51134 and # 3024324
This abstract is tunded by:

THE Gi AND G12 PROTEINS ARE EXPRESSED AT CRITICAL TIME POINTS ‘

DURING GROWTH AND AT SPECIFIC CELLULAR LOCALIZATION IN
DISTAL BRONCHIOLAR EPITHELIAL CELLS. "M.D. Aleixo, S.H. Chi
Zxolani and T.B. Kinane. Pedidtric Pulmonary and Renal Units, Massachusetts
General Hospital and Harvard Medical School, Boston. MA 02114.
leterotrimeric guanine nucleotide binding (G) proteins transduce a wide
vartety of receptor mediated signals. Pertussis toxin, which decouples a
subfamily of G proteins (Gi), attenuates mitogenic responses to thrombin and
“ombesin / gastrin activating, which play a key role in lung development.
Recently. the G 12 family of G proteins have been implicated in pathways that
regulate growth arrest and possibly apoptosis. To determine whether Gi and
G12 family of G proteins were expressed in MLE12 (a transformed distal
bronchiolar and alveolar epithelium cell line) immunoblotting of extracts from '
cells cultured for 1.4 and 7 days using antibodies against Gai2, Gai3, Ga12 and
Gal3 was periormed. All G proteins were easily detected in MLE12 extracts.
Gai2 and Gal3 were induced. Gai3 was unchanged with time as Gal2 was
expressed as the cells became more confluent. The early expression of Gai2 is
wnsistent with it's involvement with growth pathways, as the late expression of
Gl 2 is consistent with a role in polarization or induction of growth arrest.
G2, Gai3 and G2 had a bright plasma membrane staining in
mmunofluorescence studies. Gai3 in other secretory epithelial cells has golgi

staining and is thought to regulate golgi transport, however sucha location was

not present in these cells. However, Gai2 in addition to plasma membrane
staining, had strong golgi staining which has not been described for other cell
lines. This would suggest a role for Gai2 in the regulation of secretion.

 Theabotese i fundeay; NTH DK-02271

OXYGEN  RADICAL  GENERATION IN

MECHANISM OF
SlLICA-SjIT.\IULATED AI:\_I'EOLAR MACROPHAGE

.\

Dept. of Industrial Med. & Pharmacology, Catholic University Medical
College, Seoul, Korca )

Silica and asbestos are well-known occupational fibrcg=nic agerts and
their primary target cell is alveolar macrophage. Paricle-stimlated
macrophages are belicved to release various mediator which can regulaie the

- inflammation and pulmonary fibrosis as well. Even though raactive oxygen

species(ROS) play the major role among these mediators, ::e mechazisms
about the stimulation of alveolar macrophages is not clear ye:.

ROS production, ATP level and the activity of PLC!Phospholipase C),
PKC(Protein kinase C) and PTK(Protein tyrosine kinase) were assessed to
compare the capability of silica to generate oxygen radical with asbestos and
examine the mechanism to stimulate oXygen radical generation in alveclar
macrophages. . o

. As the result, we observed silica and asbestos increased generaticn of
oxygen radical with dose-response pattern and also silica decreased
intracellular ATP level with the time-course. To know the interacion
between tyrosine kinase, PLC and PKC, we measured the efiuct of several

"drugs on ROS production and Pl{phosphoinositide) turnover during silica

stimulation. These data suggest the activation of tyrosine kinase occurs

before the activation of PLC and PKC.

: Korea Research Foundation (FO13441)
This abetract is funded by: . . ,
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sscaptible 10 AM-induced toxicity, wiich may be an mitiating evemt of
an inflammaton response that precedes pulmonary fibrosis. (Supponed by
Madical Research Council of Canads Grant No. MT-13287). - ~

!m! METABOLIC FUNCTIONS OF ALVEOLAR TYPE I CELLS
= IN ACLUTE SILICOSIS.

R D Levy. A F Hubbs. BS Ducaman. G Singh. V Vallvashan L
Bowman and P R Miles. Health Effects Laboratory Dimnem. Vuninne!
Insnirure for Occupunional Supery und Health. Morvamsmam, WV and
Deparmmen: of Patholngy and Laboratory Medicine. Yeserans
Adwunistration Hospual Putsburgh. PA. Sponsor: C Koemnnent.

We have exarmuned some metabolic funcions of alveolsr type [l cells darng
expenmenial ilicoss 1n rats. Consistent with previous studies. hypertrophied
and hyperplastc alveolar type Il ceils and alveolsr lipsprosemosis were
obeerved al two and four weeks afier inratracheal admmaiswration of 20 mg
utica. Both hyperurophied and normal alveolar type {1 ceils from all expossre
mmmmmawmnmmmm
apoprowein. Cytochrome P450 281 was immunolisiochemically demos-
strased in the Clara and normal type (I cells of control and ulica exposed
a1 lungs. However. the hyperuophied and hyperplastic alveolar typs [ cells
contained no immunchisiochemicaily desecuable cytochrome P430 281. The
concestration of P4S0 281 commming aiveoiar cells (positive cellvmm)
was ensitered by silica. These findings support the hypothesis thet during
expenmenal silicosis. the hyperwophisd (ype [{ cells we 3 aewly-induced
waduMMhhMm
u :

379 MUTATIONAL SPECTRA [N THE HPRT GENE OF RAT
LUNG EPITHELIAL CELLS AFTER QUARTZ EXPOSURE.

D G Hassenbein, § M Caner. B W Howard and K E Driscoll. The Procar
& Gambie Co.. Cincinnati, OH.
Previomsly we reported that exposure of rats to inflammesory doses of qeare
and other paticies results in an iacreased frequency of alveolar epichelial
cails with mutation in the hprt gene. To better understand mechamisms of
cle-i mutation in the rat Jung, the present sady was undertalen
10 characwerize the types of mutations accurring in the hprt gens of rat g
epithelial cells afier in vivo quartz exposure. Brisfly, ras were intratracheally
imstifled with saline or quartz ( 1-20 my/kg body weight) and animals sacrificed
3-13 months afier exposure. Alveolar epithelial ceils were isolased and mute-
tiom in the hprt gene selected for by culture in 6 thioguaniag (6TG) containing
media. 6TG resistant colonies wers expanded and RNA exmracied. Mutasions
were characierized by direct clomng and sequencing of FCR amplified hprt
cDNA. As reported previously the sumber of alveolar cpithetial cells wish
mmwuumrwuﬂsmsnnupmdnmcm
of the types of mutations genersed revealed differences betwesn saline and
quanz exposed rats. Almost all hprt mutations in cells from saline exposed
rats were point muiations. with only | frameshift and a0 deleuons detected.
{n contrast. 47% of munations found i rats afier quanz exposure were point
mutations with 0% frameshifts and 13% deletions and geas ressTangements.
These dita suggest that differences exist in the mechanisms anderlying amsta-
tions occwrring in the saline control and quanz exposed rats. Studies are
continging (0 ¢xaminc mutstional associated with exposure to particies
osher than quanz. LD . ;

|ao| IN VITRO TOXICITY IN RAT TYPE Il PNEUMOCYTES AND
ALVEOLAR MACROPHAGES OF TEXTILE PAINT
COMPONENTS LINKED TO THE “ARDISTYL
SYNDROME™".
PH M Hoet. M Levva. FL Clotens. M Demedts. B Nemery. Laboratory
of Prawmoiogy. K.U. Lewven. Lewven. Beigrum. Sponsor: R Lauwerys.
In am anempt to elucidate the mechanisms for the severe puimonary inserstitial
disesse (Ardisty| syndrome) wiuch affected texule pnatmg sprayers in Spun
(Moya. C. et al. Lancet 1994: 344: 498 302) and in Algeria (Ouid Kadi.
F. o al Laacet 1994: 344: 962- 963). the in vizro toxicity of componsnts
of the incnminaied paint was esied in primary cultures of rat type {1 pasemo-
cytes and alveolar macrophages. *Acramin FWR (a polywres), ®Acrame
FWN (a polyamidesming). ®Acraix FHN (a polyamine salt) or $Acramell
W (a co-polymer of butylacrylase) were added. for 24 h. 10 the culture mediom
(Waymouth's medium with 10% FCS) in coacentrations ranging frem
0.000128 % 10 2 % (v/v) of the commercial products. Acramoll W showed
no toxicity. The vability of the type [ pnesmocytes. assessed a5 LDH reloase,

@ils® SOT 1997 Annual Meeting
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Wm-mwmmmm.mu_m
swmmu—nmwmm 3-19 ppm for
Acramie-EWN ad_16-65 pom for Acrafia FHN. The waxicity 1o alveolar
mwinmmmdwmﬁiﬁﬁffm
fanction of type (I pasumocytes. was nigei decreased dunng the firm
hour of exposure © 6.4 ppm of Acramin FWR. Acramin FWN or Acraix
FHN. The present stxdy mdicates that these polymars have 2 surpnisingly high

puimonary oIty (A verD. thus confinming previous i vivo observations,

lﬂi ‘I OZONE-(INDUCED SIGNAL TRANSDUCTION IN
RESPIRATORY EPTTHELIAL CELLS: ROLE OF PROTEIN
KINASE C.
| Jaspers. E Flescher. L C Chen. Nelsom [nstimmse of Exvirvamental
Modicne, New York Usiversity Medical Censer. Tuxedo. VY.

We have previously <hown that ozone-exposure induces the DNA-binding
nﬁqdmmrmuruumuamumum
aiudu.-linwwﬁddh.wmdw-wu
NEILS allows their transiocancn #e0 the suclens and dinding 0 the IL-3
mm\\!&wnmm“nhmc{m
—yuuwwmu@mmmmsm
hw:mmyu‘hﬁddh.hﬂwuy.nem
whether PXC is activased in asons-¢expossd epichelial cells und whether the
PKC inhibisors Caiphostia C sad Chelerydhrine mhibit the ozons-induced
ua.‘ndll.-l.uﬁviyd!lc-u-lliwedk.a_
slveoiar type-{I-iike ceil line. exyosed 1 0.1 ppm osons or ar. Bosh air-
dmﬂm“!ﬂ:m.fhd’k-d
Calphostin C and Chelerytine on the exprminon of {L-§ were messwred 2
the ’ sad wansisnonal leveis. AS49 cells exprasd w0 0.1 ppm
amone for § howrs showed uguificantly incsessed expression of (L8
Wbdﬂﬂﬁmu“ﬂwwc'
wmuunmuumemuﬁ
nuuﬁuwduhmmmmu
PKC-indepandent. (Spousored by EPA R§19342 asd DAMD17-95-1-5058).

@MJHAPWUKEMMBYRADON
INCREASE INTRACELLUT.AR SUPEROXIDE AND

HYDROGEN PEROXIDE PRODUCTION IN HUMAN LUNG
MBROBLASTS. .

P K Naraysam. E H Goodwia, and B E Lalwmert. Life Sciences Division,
Los Alames Nesional Laborasors, Les Alemes. NM.
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imseractions. In this study. we set out to cxasmine this possibility by Jssesung
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bromida (EB) and 2. 7" -dichlorofucresceia (DCF). fuorescent products of the
mmmnmmur.r«nmnm
diacetass (DCFH-DA ), were used 10 flow cysometrically monitor the intracel-
HtmdQ'de,m.mdﬁmﬁm
a-particies (0.04 - 0.19 Gy) cansed significant increases in intracellular O~
-IH.O,MQMMDMWEWI&OU
results 10 dase are consisient with the possiBility thel a-perucies may mediste
their DNA-damaging effects at lcast 1n part vig 28 ROS-celated mechamsm.
{wwummmmduu.sm

of Energyl.

THE CHANGE OF SURFACTANT-ASSOCIATE PROTEIN SP-
B. C RNA EXPRESSION AND K-RAS MUTATION IN RAT
TYPE il PNEUMOCYTE TREATED WITH EXTRACT OF
ATRBORNE PARTICLES.
ZMOQLMM&W.W#MM&W. Shanghos
Tiedao Universy, Shanghai. P.R.China. Sponsor: ] R Landolph.
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for certain time. and then refresh the medium with that contsining TPA every
twee days. The calls were collecwsd 10 exwact DNA for dewecung DNA
adducts and K-ras mutation. The DNA adducts was detected with 32P-
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#6827 Synthetic glycosmine aneiogs synergize with taxol and clepistin in
nducing programmed csil desth in ovarian cancer cells. Frankal. A, Glingky,
G.V.. Mossine, V.V.. Buckmar R.. and Keroei. R.S. Sunnybrook Health Scenca
Centre, Unwversity of Toronto. Toronto, Ontano. Caneda. M4N 3MS, Metastat inc.,
Cancer Research Center. Urwversity of Missoun. Colurmixa, Missoun 65201

Resistance to chemotherapeutic agents remams one of the Mmost significant
problems n tregting Ovanan cancer pahents. Resuits with a panel of ovanan
cancer ceil ines exposed 10 taxol suggest a possibie mechanism of acquired drug
resiSIANCe N tMOrs 1ased on the response of a cell J0PULANON (MUNCaHUar
resistance) as opposed 10 CIasiIc umceliviar resistance Mechansms. Joon ax-
posure 10 taxol for a penod of 48 howrs, a panet of ovanan cancer ced mes
demonstrated a drug- resisiant phenotype when Jrown as three-Gimensional
cultures imuiticetiuiar tumor spherowdsi, dut did not exnibit this phenotype wnen
grown n monoiayer cuitures. After trestment with ‘axol, the celis rown as
‘hree-cimensionai cultures nad a gregter survival. an increased oroiiferative po-
‘entar as cvetl as 20Ny “OMUNG DMty COMPArea ‘o the taxoi-axposed cels
grown :n monotayer cuiture. The monatayer cultures exposed !0 taxol had a
greatly aitereq cell cycie profile that was not apparent in the spherod modet.
Taxoi-inducad apoptos:s in the monolayer cuiture as measured by flow Cytometry
for concomitant detection of apoptos:s and cell Cycie analysis was not cbserved
" the spheroids. The 'eveis of the anti-apoptotic protem. bci-x_, decreased
sgnificantly upon taxol tregtment n the MoNOIaYyer Culture, whereas the dcl-x,
‘eveis .n the soheroids treated with taxol remamed elevated. closely ressmbiing
he ieveis of the control spheroids. ‘Ne nhave studied the apiity of synthetic
glycoamine analogs, ant-achesive and anti-Metastatic agents, 10 Cause a rever-
sal of muiticeiiular resistance to taxol-induced apoptosis or t0 synergze with
cisplatin m inducing apoptosss ;M ovanan cancer cells. Thess glycoaming analcgs
act by competing for specific carbohydrate-iectin interactions, particularty those
nvolving S-galactoside-specric lecting axpressad on tumor ceiis. Three synthetic
glycoamines Fru-Gly, Fru-D-Leu. and Lac-L-Leu) mduced programmed cel
death :n the cvanan cancer calf ine A2780. These compounds synergized in vitro
with taxol as well as cisplatin i increase the apoptotic :ndex of ovanan cancer
caifs. Our resuits support the \dea that anti-achesives and anti-metastanc agents,
synthetic giycoarmine analogs. may have a transiatona potential i CoMbINabon
with chemotherapeutic Grugs 10 treat ovanan cancer patients.

#628 rwmmw-pwmmm-:
cispiatin resistant overian carcinome cells. Menendez. A.T. Ladiaw. J.,
Raventos-Suarez, C.. Geibert. L. Granas. A.. Li. M-X.. and Kramer. R. Bristol-
Myers-Squibb, Pharmaceuticsl Research Institute, Oncology Drug Discovery,
Princeton, N.J 08543-4000

Cispilatin and taxol are widely used in the treatment of cancer. While loss of p53
function has been comrelated with res:istance to DNA damaging agents. such as
crspistin, its role in the sensrtivity of human tumors to taxo! (an inducer of p53 and
p21)mmmwym.hmmmmmm
cispiatin resistant A2780D0DP human ovanan carcmnoma ceils that were ssiected
by intermittent cispiatin treatment. We demonstrate that A278000P calls have a
G to T transverse mutation m exon 5 of the p53 gene (V to F) and parental A2780S
have wid-type p53. Whereas A278000P ceils wvere resistant t0 cisplatin as
comoared to parental A2780S celfs. taxol was aqually cytotoxic in both cell lines.
Although p53 and p21 levels were nduced in A2780S ceis after a 24 hour
axposure to either cispiatin or taxol. neither pS3 nor p21 were mauced in
A278000P ceits under the sama conditions. Cispiatin treated A2780S calis show
a siow S traverss, maintzn G1 amest and undargo apooptosis after 24 hours.
Clspiatin treated A278000F celis aiso showed 3 siow S traverss tme., and
undergo apoptosis but G1 was decressect: these effects required higher drug

" concentrations and longer drug exposwre times. Taxol trested A2780S and

A2780DDF ceils undergo pronounced G2/M arrest and apoptosis at equal con-
mw-mownmmmmam(mmm

CMpIZtn reSistance) in a human ovanan STTinsna i NTSEINTSTt rum a
clinicaily relevant p53 mutation.

#6829 Non-staroidal drugs (NSAID) protect human T
lymphoma ceils againet apoptosis induced by anti-cancer drugs. Azare. J.,
Cohen. D.. and Fleacher. E. New York University Med. Ctr.. Tuxedo, NY 10987,
Oncology Preciinical Res.. Sardez Res. inst.. £ast Naniover, NJ 079536 =.2.;
Anti-cancer drugs can :nauce apoptosis in cancer calls and therr remox i rom
the ceils '3 mediated by the effiux pump P-glycoprotem (P-gp). We have prewi-
ousiv snown that NSAID ennance the mumorug resistance gene [MDR1i axcres-
sion anc ‘uncuon of P-gp in ransformed T lymphocytes. The purpose St the
prasent study was to assess the abiity of NSAID to protect Moit-4 celis aganst
induction of apoptic death. Aspin and sodium salicytate at 2 mM (levels attan-
able in the piasma and enhancing P-gp function i vitro) recuced adnamycm (5
M)~ and taxot (100 nM)-induced apoptoss. For nstance. aspin recuced taxol-
nduced apoptosis by 82%. P<0.0005. These fingings can be explaned by
enhanced removal of anti-cancer drugs from NSAID-treated ceils, and suggest a
potentiat contra-ingication for the yse of NSAID dunng tymphoma chemotherapy.
(These studties have been supported by of the Army Grant
#OAMD17-85-1-5058 and by NIOSH Grant #0H07125.)
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#830 Expression of & protective TR1 gene during cell desth by tumor
necrosis factor and staurosporine. Chang, N-S.. Mattison, J.. Cao. H., Joki, N..
2haq. Y. Griso_M.. and Use. C. Guthne Ressarch institute, I_Guabas Sqlace.
Sayre. PA 18840
Transforming growth factor-81 (TGF-81) i8 known to prevent 929 fibrosar-
coma cell Gesth by tumor necrosis factor (TNF). This protecton mvoives a rapic
activanon of celiular protew 1yTOSING kinkses which apparentty interrupts the TNF
kifing patnway. Furthermore. a3 TGF-81-induced extraceliular matnx protem of 46
kD appears 10 provide an aaditional signal for activaton of tyromne and senne/
threomne xinases that restnc: TNF killing. By exoression cioning we have solatec
2 novel cONA (1.4 kb), gesignated TR1. winch encooes 2 putatve 12.4 kD proten
Stable expression of TR1 cONA in LI29 calis protects the ceds from TNF iuling.
Prosnts analysis shows that the 12.4-k0 TR1 proten contamns two conservative
phosphorviation sites and a motr! of TGF-3 famiy. TGF-81 rapsdity :nouces TR
Jene sxporession ‘@ minoe * 3 kb anc 2 mayor 3.0 «b “RNA transcnots) 'n 329
COHS within 1-rw SMUAnioN. whiCh COMeiates with the mauced TNF esistance '~
these ceiis. TR1 gene 3 2130 expressed in 4 -8 iy Dy smuiabion of L.929 ceds witn
TNF or staurosporme. That 's. TR1 gene 3 expressed when L329 celis are
undergong apoptoses. These results suggest at TR! i3 a protecivé protem
aganst TNF- and staurosporme-mediated cell desth. Westem DIOThng analysis
usiNng antiboches against a synthetic peptide of TR1 revealed a 40-«D orotev
by the antibogies. The 40-kD TR1 courd be rapsdty nduced by TGF -1
within 1 ne and Dy TNF n 4-6 nr. which coreates with e extent of jera
exoressnonasoc!mmeo 2y Northem hybndizaton. The 10-xD TR1 orotenn s
most ikety denved from the 3.0 kb MRNA transcnot. TR1 could de a tumor
suppressor since L9329 calis stably expressed TR1 had a reduced prouferanon
rate. Tha antiproiferative nature of TR1 renders the ceils iess suscaptible 10 TNF
lalling, snce i1 most cases TNF targets prolifersting ceits (Supported . part by
NiH CAB1879 and CAB4423).

#6831 pS3 oversxpression converses p21-mediated G1 arrest into apopto-
sis in human kg cancer cells: Clinical implication for p53 gene therapy.
Kagawa. S.. Fuliwara, T.. Nistwzaxi. M.. Ogawa. N.. .noue. F.. Hizuta. A.. Roth.
JA. and Tanaka, N. First Department of Surgery. Jkayama Unwversity Mearcas
School. Okayama 700, apan, M. D. Anderson Cancar Center. Hauston, TX 77030

p21, a cycin-depencent kinase infubstor, may be cntical ‘or pS3-meaiated
growth suporession. To Girectly examine the role of p21. we nrogucsd "uman
p21 gene mto a p53-deficient human lung cancer cell iine H1299 using a D21 -
expresang adenoviral vector (AGCMVp21). infection with AJCMVp21 resuitea n
high levels of p21 proten expression. and significantty suppressed the growth of
H1299 calis. Flowcytometnc analysis of ONA contents snowed GO/G1 amest of
cell cycie and no apoptosss. To examine the effect o7 c21-meaiated G1 amest on
the nauction of apuptos:s by P53 gene transfer, ri1299 ceils were sequentially
nfected with AGCMVp21 and AGCMVpS3. Overexpression of p53 on cells arrest-
ng at the G1 phase resultsd n 2 rapid cell Jeath. ndicative of 2poptosis.
Time-course-fiowcytometnc analys:s showed that cess in the G1 phase airectly
underwent apoptosis without the entry into the S phase. Thus, p53-meciated
apoptosis is not affected by p21-mediated G1 arest These results suggestec
that p53 expression could overcome p21-mediated G1 arrest by 'nducing apo-
ptosis and that p53 gene transfer may be an effective nducer of cell ceath even
Oon e resting tumor CeNs.

PHARMACOLOGY/THERAPEUTICS (PRECLINICAL AND
CLINICAL) 9: Polyamines, Ether Lipids, Signal
Transduction Inhibitors, and Antifolates

#€32 A synergistic antiproliferative &%ect =¢ & Lolysitiie Chaoyud Gnd

a Tiokex forming Jlgoniucieotide (TFO) on MTF-7 bresst cancer ceiis.
Balabhadrapathruni, S.. Thomas, T.. Shirahata. A.. and Thomas, T.J. UMDN.-

Robert Wood Johnson Medical Scnooi, New Brunswick. NJ 08903, Josai Univer-
sity, Saitama 350-02. Japan

Targeting of oligopurme olgopynTidine sequences in the oromoter megions 1
specrfic genes by TFOs s a novet strategy o mhibit *he transcnpton of disease-
related genes. Recent mvestigations have revealed that synthetc analogues of
the ~atura Saivamunes re 22X allant promaorars 7° frnav NS Ve o mer ma
effacts of 3 senes of spermmune analogues E'HNICH - NHICH . NHC= 1 NHE!:
wnerex.vandzae 3 or4; forspermine x =3,y =4, and 2 = 36 =ethyl) ana
a 37-mer TFQ itargeted to "re Dromoter reQicn S -7 tNIITanes 33 S, 2L
agmrsmdmcomum:ononmmoufommofMCF-- \.mlsoy[JH] -thymicine
uptake. This TFO exerted a 25% intittory effect at the 43 h ume pount. Bisietn-
yilsoermine and norspermme x=3, y=3, z-3)nldnosaqnmcmmgcwn M-
thyrmaine uptake. whereas Disisthyllhomospermine x==. y=4, z=4} exerted 1
20% inhubrtory effect at 5 uM concantration. CanunanonsotTFmebuem-
yilspermine and norsperrne exerted no significant effec: on DNA synthess. In
contrast. a combination of TFO and bis(ethyllhomasoermne nmibrted (°H)-thymi-
dine uptake by 90%. SUGQESting a SYNergistic action of this combination. These
data ndicate that selective use of pOlyamine anasogs 15 2 visbis strategy !0
deveiop an anti-gens therapeutic approach for breast cancer.
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