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ABSTRACT

Studies begun during the first year of this project on biopsies from
spontaneous tumors in dogs and from human patients undergoing radiotherapy
treatment were continued. The results indicate tha significant fractions
of the spontaneous tumors in dogs and cervical carcinomas in patients under-
going radiotherapy h.ive a DNA content higher than normal diploid cells.

I. INTRODUCTION

Work on the New Research Initiatives Program

has been terminated, and we report herein our re-

sults for the period July 1, 1976 through Octobei 31,

1977.

CHO

II. RESULTS

A. Tumor Studies

Figure 1 shows DNA histograms for some sponta-

neous tumors in dogs. The Higher DNA content in

tumor cells permits distinguishing them from normal
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Fig. 1. DNA distribution of cells from spontaneous tumors in dogs: (top left) cultured Chinese hamster

cells (CHO) for comparison and (bottom left) the DNA content of adenocarcinoma cells (identical to
CHO cells). The DNA content of CHO cells is almost identical to normal diploid cells. Cells from
prostatic adenocarcinoma and hemangiopericytoma have a DNA ccntent higher than CHO cells. The
first peak, on the left in both these tumors is due to normal cells in the tumor biopsy.



cells in the biopsy material with the aid of flow

microfluorometric (FHF) instrumentation. As antic-

ipated, these studies were time-consuming in estab-

lishing the practical application of FMF instrumenta-

tion to radiotherapy-related problems.

It would be very attractive if cell viability

cculd be measured by scatter patterns alone from

cells vithout fixation and staining procedures. The

multiangle light-scatter spectrometer developed by

the Biophysics and Instrumentation Group (H-10) was

very appropriate for this application because dif-

ferent angles may be optimal for different cells

exposed to different agents to differentiate viable

and nonviable cel ls . This instrument measures the

light-scatter pattern for each cell on a cell-by-

cell, basis, and these data are then transferred to a

computer. Cell viability studies using this instru-

mentation were also conducted during this report

period.

Figure 2 shows light-scatter patterns of human

lymphocytes (control and exposed to different x-ray

doses) at an angle of 2.4° where resolution between

the peaks i s optimal. The peaks to the right are

presumably viable cells and the peaks to the left

dead cel ls . These measurements were made 4 days

after exposure to radiation. It can be seen that

the number of cells in the first peak, compared to

the second peak, increased with increasing dose.
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Fig. 2. Light-scatter patterns of human lymphocytes
at 2 .4°: (A) control; (B) 30 rad of x-
radiation; (C) 90 rad of .{-radiation; and
(D) 150 rad of x-radiation.

Figure 3A shows the light-scatter patterns of

CHO cells (treated with hyperthermia ar 44°C for

90 tain) at different angles. It can be seen that

the light-scatter patterns around 3.5° differentiate

the two peaks with better resolution. Figure 3B

shows the scattering patterns at an angle of 3.5°

for CHO cells treated with hyperthermia for differ-

ent tine periods. These measurements were made

within 1 h after hyperthermia treatment. It can be

seen that the number -* cells in the first peak,

compared to the second peak, increased with increas-

ing time of treatment.

Figure 4 shows similar results for CHO cells

exposed to sonication (Cole-Parmer ultrasonic

cleaner, 50 W) with the same trend as in Figs. 2 and
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Fig. 3. Light-scatter patterns of CHO c e l l s created
with hyperthermia: (A) 44°C for 90 min at
0.3°, 1.2°, 3.5°, and 8.2°; and (B) control,
15 min, 90 min, and 120 min at 3.5°.
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Fig. 4. Light-scatter patterns of sonicated CHO

cells: (A) 15 s at 0.3°, 1.2°, 3.5°, and
8.2°; and (B) control, 15 s, 60 s, and
300 s at 3.5°.

3. These results indicate that light-scattering

patterns can be used to measure cell liability but

that the exact correlation with other conventional

methods requires further investigation.

B. Drug Studies

There is a small ongoing program in the Cellu-

lar and Molecular Biology Group (H-9) between the

Los Alamos Scientific Laboratory and the National

Institutes of Health (interagency agreement ERDA-

NIH YO1-CM-10056) to study the effects of anti-

neoplastic agents on exponentially growing and

plateau-phase Chinese hamster cells. Cells growing

in multicellular spheroids offer a good model of

experimental tumors in vivo. The spheroid system

is also ideal for cell FMF studies because of the

ease in making single-cell suspensions. Radiation

and chemotherapeutic drugs are known to produce

shifts in the age distribution of cells. In col-

laboration with this program (under the supervision

of R. A. Tobey), we have begun to study age dis-

tribution changes by measuring the DNA distribution

of cells from spheroids (V79 cells) exposed to the

drug chlorozotocin. Such studies are helpful in

selecting potential cancer agents.

Our Initial results indicate that the effect of

this drug in shifting the age distribution of cells

in spheroids is not as rapid as in cells grown in

monolayer. The effect is also found to decrease

with increasing size of the spheroid. These results

indicate that cells in spheroids require a longer

time compared to cells in monolayer to produce a

shift in age distribution because of a slower dif-

fusion nf the druj to cells in a spheroid.

III. DISCUSSION

The studies we have undertaken during the past

2 yr to determine the potential application of FMF

instrumentation developed in our group to problems

in radiobiology related to radiotherapy are promis-

ing. However, because of the nature of these studies,

they are time-consuming. A proposal submitted to the

National Cancer Institute using the data obtained

under this program was well received and has been

accepted for funding for 3 yr. It appears that we

have assurance that our studies will continue for at

least that length of time.
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