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Progress Report Summary
a. Specific Aims. No change
b. Studies and Results.

Substantjal progress has been made toward achieving the Specific Aims outlined in our original
proposal. As stated in the proposal, our work has commenced with detailed studies on two radiochemicals,
namely tritiated thymidine "HTdR) and '*I-labeled iododeoxyuridine (*ZIdU).

’HTdR Studies. Publication 1 details our progress with regard to assessing the effects of
nonuniform distributions of *HTdR in our multicellular cluster model. Briefly, Chinese hamster V79 cells
were labeled with tritiated thymidine, mixed with unlabeled cells, and multicellular clusters (~1.6 mm in
diameter) were formed by gentle centrifugation. The short-range B particles emitted by *H impart only self-
irradiation of labeled cells without significant cross-irradiation of unlabeled bystander cells. The clusters
were assembled in the absence or presence of 10% dimethyl sulfoxide (DMSO), and/or 100 uM lindane.
DMSO is an hydroxyl radical scavenger, whereas lindane is an inhibitor of gap junctional intercellular
communication. The clusters were maintained at 10.5°C for 72 h to allow ’H decays to accumulate,
dismantled, and the cells were plated for colony formation. When 100% of the cells were labeled, the
survival fraction was exponentially dependent on the mean radioactivity per labeled cell. A two-component
exponential response was observed when either 50 or 10% of the cells were labeled (Fig. 2, Publication 1).
Though both DMSO and lindane significantly protected the unlabeled or bystander cells when 50 or 10%
of the cells were labeled, the effect of lindane was greater than that of DMSO (Table 1, Publication 1). In
both cases, the combined treatment (DMSO + lindane) elicited maximum protection of the bystander cells.
These results suggest that the bystander effects caused by nonuniform distributions of radioactivity are
affected by the fraction of cells that are labeled. Furthermore, at least a part of these bystander effects are
free radical-initiated and likely to be gap-junction mediated. Support for gap junction mediated bystander
effects comes not only from the protection of bystander cells afforded by lindane, but also from flow
cytometry data that is described in Publication 1. Functional gap junctional intercellular communication in
V79 cells was demonstrated through the use of calcein AM dye and fluorescent activated cell sorting
(Fig 5, Publication 1). Lindane has a pronounced impact on the communication observed. As stated in the
proposal, these studies were planned as the initial studies to be carried out toward achieving Specific Aims
1,2, and 4.

Studies aimed at achieving the goals outlined in Specific Aims 3 were also described in Publication
1. Specifically, the kinetics of intracellular *HTdR was monitored during the entire experiment (Fig. 3,
Publication 1) so that the number of intracellular decays and absorbed dose could be determined. This
information was fed into our multicellular dosimetry model and it was calculated that the labeled cells
received an absorbed dose that was about 140 times that received by the unlabeled cells.

IB14U Studies. As with *HTdR, our three-dimensional tissue culture model was used to investigate
the biological effects of nonuniform distributions of DN A-incorporated ‘%I in V79 cells. These studies are
detailed in Publication 2. Cells were labeled with '*’I-iododeoxyuridine, mixed with unlabeled cells, and
multicellular clusters were formed by gentle centrifugation. Using our theoretical dosimetry computer
code, we showed that the highly localized energy deposition caused by 2 decays results in very high
equivalent doses delivered to the labeled cells and low equivalent doses delivered to the unlabeled cells.
The clusters were assembled and then maintained at 10.5°C for 72 h to allow %’ decays to accumulate,
dismantled, and the cells were plated for colony formation. When 100% of the cells were labeled, the
survival fraction was exponentially dependent on the mean radioactivity per labeled cell (Fig. 1,
Publication 2). A two-component exponential response was observed when either 50 or 10% of the cells
were labeled (Fig. 2, Publication 2). These experimental d_.ata, coupled with theoretical dosimetry
PHS 2590 (Rev. 4/98) (Form Page 5)Page > &
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calculations, indicate that bystander effects play an important role in the killing of unlabeled cells when
nonuniform distributions of DNA-incorporated '*° are present.

c. Significance.

Predicting the biological effects of nonuniform distributions of radioactivity has been a persistent
problem for decades that has hampered the ability of scientists to assess risks from inadvertent exposures
to radioactivity and predict therapeutic outcome in the clinical use of radioactivity. This problem has been
due in part to the lack of experimental models that allow one to create nonuniform distributions in a highly
reproducible fashion, thereby allowing the collection of data required to develop useful theoretical models.

‘The experimental data accrued over this past year will go a long way toward ultimately enhancing our
capacity to predict the effects of nonuniform distributions of radioactivity. Among the experimental
findings important to this goal is the fact that unlabeled bystander cells can suffer damage simply by being
adjacent to cells that are labeled even though the unlabeled cells are not significantly irradiated. This
(dispels the long-standing notion that the effects of radiation are limited to those cells that are traversed by
radiation and experience DNA damage as a consequence of the insult. Ultimately, it is anticipated that
knowledge of these so-called bystander effects will have a pronounced impact on the modeling of
biological response to radiation. Additionally, we have begun elucidating the mechanisms involved in
these bystander effects. Our experiments show that the events leading to damage in bystander cells are
initiated by free radicals and are mediated by gap junctional intercellular communication.

d. Plans.

In the coming year we plan to spend substantial effort on sorting the labeled and unlabeled cells so
that biological effects can be monitored in each subpopulation. Our preliminary studies in this area have
been quite successful and we do not anticipate any problems in achieving this very important portion of
Specific Aim 4. We also will emphasize mutation studies that are an important component of Specific
Aims 1 and 2. Experiments that delineate the mechanism of bystander cell death will also be undertaken
as per Specific Aim 5. Finally, the Po-210 studies will be initiated to study the effects of nonuniform

distributions of alpha particle emitting radionuclides.

e. Publications.

1. Bishayee, A., Hill, H. Z., Stein, D., Rao, D. V., and Howell, R. W. Free-radical initiated and
gap junction-mediated bystander effect due to nonuniform distribution of incorporated
radioactivity in a three-dimensional tissue culture model, Radiat. Res. 155: 335-344,

2001.

2. Howell, R. W. and Bishayee, A. Bystander effects caused by nonuniform distributions of
DNA-incorporated *°l, Micron. In press, 2001.

f. Project-Generated Resources.

Web Site. The web site that was promised in the proposal has been set up in a preliminary fashion.
The address is http://www.umdnj.edu/pixelweb/radiologyweb/ This site is only in its infancy and will be
substantially revised over the next year with particular emphasis on inclusion of the raw experimental data
obtained through this support. As stated in the proposal, the purpose of this raw data is to allow other
scientists access to the data for use in theoretical modeling.
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Marek Lenarczyk Post-doctoral fellow
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National Institute of Hygiene, Warsaw, Poland - Ph.D. 1988 Biology/radiobiology
University of Warsaw, Warsaw, Poland M.Sc. 1980 | Microbiology

RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, list, in chronological order, previous employment, experience,
and honors/ Inciude present membership on any Federal Government public advisory committee. List, in chronological order, the titles, all authors, and
complete references to all publications during the past three years and representative earlier publications pertinent to this application. If the list of
publications in the last three years exceeds two pages, select the most pertinent publications. DO NOT EXCEED TWO PAGES.

RESEARCH AND PROFESSIONAL EXPERIENCES
1998 - to present  National Institute of Hygiene, Warsaw, Poland, Research Assistant Professor v

1996- 1998 Colorado State University, Fort Collins, Colorado, USA, Research Investigator.

1995-1996 University of Medicine and Dentistry of New Jersey, Newark, IAEA Fellow.

1992-1994 National Institute of Hygiene, Warsaw, Poland, Research Associate.

1992 (Jan-Aug)  TNO-Institute of Applied Radiobiology and Immunology, Rijswijk, Netherlands. IAEA Fellow.
1983- 1991 National Institute of Hygiene, Warsaw, Poland, Research Assoc., Senior Research Assist, Resear

1980-1982  University of Warsaw, Warsaw, Poland, Graduate Assistant

FELLOWSHIPS AND ACADEMIC OR PROFESSIONAL HONORS
Non-Tenured Scientist Award to attend 11% International Congress of Radiation Research, Dublin, Ireland,

July 18-23, 1999.

Student Travel Award to attend the Radiation Research Society/North American Hyperthermia Society Joint
Annual Meeting, Louisville, Kentucky, April 25-29, 1998.

NASA Travel Award to attend 8th Annual Space Radiation Health Program investigators' Workshop,
Brookhaven National Laboratory, Upton, New York, April 29-May 3, 1997.

International Atomic Energy Agency Fellow at the University of Medicine and Dentistry of New Jersey,
Newark, New Jersey, USA, September, 1995-May, 1996. )

Scientific Travel Award to attend the 10th International Congress of Radiation Research, Wurzburg, 1995.

Young Scientists Award to attend Joint Meetings of the European Society for Radiation Biology and the
European Society for Hyperthermic Oncology, Amsterdam, Netherlands, 1994.

Rajchman's Scientific Award of the National Institute of Hygiene, Warsaw, Poland, 1994.

Young Scientists Travel Award to attend the 25th Annual Meeting of the European Society for Radiation
Biology held at Stockholm, Sweden,1993.

International Atomic Energy Agency Award to attend the IAEA/UNEP Seminar for Africa, Europe, the
Middle East and the Mediterraen on Radiobiological Techniques in the Comparative Estimation of
carcinogenic effects of Chemical Pollutants and Low-dose Radiation held at Nairobi,Kenya, 1992.

International Atomic Energy Agency Fellow at the TNO-Institute of Applied Radiobiology and Immunology,
Rijswijk, The Netherlands, Jan.-Aug., 1992.

Scientific Award of the Polish Society for Radiation Research, Cracov, Poland, 1992.

Young Investigator Grant to attend the 8th International Congress of Radiation Research held in Edinburgh,

Scotland, 1987.
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