
anious techniques for the labeling of leukocytes
with technetium-99m (99mTc) have been reported
(1â€”3)and in at least one publication the migratory
pattern of 99mTc..labeledcells has been described in
humans (4). Although most of these techniques have
suffered from extremely poor labeling efficiency, it has
been reported that nucleated cells, including lympho
cytes, labeled with 99mTc do not demonstrate signifi
cant alteration in DNA or protein synthesis (1). A
recent report has claimed improved 99mTclabeling effi
ciency using a modified stannous chloride labeling
technique (5). As lymphocytes are a relatively radi
ation sensitive population, these results encourage an
investigation of the utilization of 99mTcas a label for
these cells. Although previous reports have suggested
that the 99mTc label is less radiotoxic to nucleated cells
than indium-l 11 (1@ â€˜In),quantitation of the degree of
damage associated with the 99mTclabel has not been
established. In this study we attempted to delineate the
alteration in genetic material and related cellular func
tion associated with increasing bound activity concen
trations. These alterations were measured by cell divi
sion delay and chromosomal damage in lymphocytes
labeled with 99mTc
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MATERIALS AND METHODS

Lymphocyte Isolation
Human lymphocytes were aseptically isolated from

60 ml of hepaninized blood by the Ficoll-Hypaque gra
dient technique. A modified procedure of Fanid et al.
(5) was employed in a laminar flow hood using sterile,
pyrogen-free glassware and solutions. Hepaninized
blood was divided into four aliquots and mixed with an
equal volume of 0.1M phosphate buffer (pH 7.4) con
taming 0.85% sodium chloride, in a 50-ml conical cen
tnifuge tube. Fifteen milliliters of Ficoll-Hypaque solu
tion were delivered to the bottom of each tube by
syringe fitted with a 0.22-s membrane filter and I 6G
cannula. Tubes were centrifuged at room temperature
for 25 mm at 400 g. The lymphocytes, present at the
interface of the first and second layers, were aspirated
using a syringe fitted with a l6G cannula. Lymphocyte
suspensions were combined in a 50-ml conical tube and
the cell population was measured on a Coulter counter.
Lymphocyte yield was 6.13 Â±1.69 X l0@(n 14).

The cell suspension was centrifuged at room tem
penature for 15 mm at 400 g and the supernate re
moved. The cell pellet was washed with 5 ml of normal
saline, centrifuged, and the supernate removed.

Lymphocyte Labeling
The cell pellet was resuspended and incubated for 15
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mm at 37Â°C with 3.0 ml saline containing 6.0 mg
sodium pyrophosphate and 1.7 mg stannous chloride.
Following centrifugation, the supernate was removed,
the cells washed in 3.0 ml saline, recentnifuged, and the
supernate discarded.

The pretinned cell pellet was resuspended and incu
bated for 10 mm at room temperature with the required
99mTc activity in 1.0 ml saline. The suspension was
centrifuged and the supernate (A) retained. Following
a 3.0-ml saline rinse, the cells were centrifuged and
supernate (B) retained.

Labeling efficiency was calculated by the following
formula:

cell activity x 100
cell activity + (A) + (B)

Tissue Culture
All cultures were initiated with i0@lymphocytes in a

25-ml Falcon culture flask. Following stimulation with
PHA, the cells weregrown by incubation at 37.5Â°Cand
with 5% CO2 in McCoy's 5A media supplemented with
15% fetalcalfserum.

Division Delay
Radiation-induced division delay in the lymphocyte

population was determined in parallel studies.
1. Mitotic index. Mitotic figures/ 1,000 cells were

counted at various harvest times following the initiation
of the culture.

2. Harlequin staining. Sister chromatid differen
tial staining, which allows determination of division
status of the mitotic figure, i.e., first, second, or third
division, following culture initiation was performed.
This technique, which was first described by Latt (6)
and later modified by Perry and Wolf (7) consists of
initiating the culture in flasks containing 5-bromo
deoxy-unidine (BrdU) at a final concentration of 2.5
zg/ml and allowing incubation in the dark or exposed
only to 60W yellow â€œbuglights.â€•Following harvest and
slide preparation, slides were stained (8) with fresh
Hoechst 33,258 at 10@ M in distilled water for 15 mm
and then rinsed. Cover slips were mounted on Mdl
yams' buffer at pH 8.0 and sealed. Slide preparations
were then exposed to black light at a distance of 5 cm
for 15 mm at 55Â°C.The slides were rinsed and stained
with 2% giemsa stain in 0.01 phosphate buffer at pH 6.8
for 15 to 20 mm. In this technique, chromatids with
BrdU substituted in one DNA strand stain dark, while
substituted in both strands stain light, making it possi
ble to determine the number of divisions BrdU have
been incorporated into the DNA (Fig. 1).

Chromosomal Damage
The presence and degree of chromosomal damage

were determined by counting micronuclei (MN).
When pieces of chromosomal material are broken or

deleted from the main body of the chromosome by
radiation events, they are no longer associated with the
kinetochore and, therefore, are no longer associated
with the division apparatus. When a cell subsequently
divides, these fragments are usually included in the cell,
but not in the main nucleus. As a result, they form small
regular nuclei within the cell (Fig. 2) which may be
easily counted and usually expressed as MN/i ,000
dividing cells. These data provide good estimates of the
quantity of damage that has occurred prior to the
previous division.

RESULTS

Utilizing the described stannous chloride labeling
technique, ten experiments demonstrated a labeling
efficiency of 57.78 Â±4.9%. A preliminary series of
experiments was carried out to determine the highest
feasible concentration of bound 99mTc on PHA-stimu
lated lymphocytes. Cells were harvested at 72 hr, fol
lowing 6 hr incubation in the presence of colcemid to
collect metaphases. The results, detailed in Table 1,
demonstrate that activities above 0.580 sCi/i07 cells
produced marked impairment of division rate and,
therefore, yielded too few divisions to quantitate dam
age by MN assay or to accurately measure radiation
induced division delay by mitotic index and Harlequin
staining. For this reason, 0.580 @sCi/107cells was the
highest activity level utilized in subsequent experi
ments.

The effect of increasing 99mTcconcentrations on the
mitotic index is presented in Table 1 and Figs. 3 and 4.
Figure 3 shows the effect of increasing 99mTcdoses on
cells grown for 72 hr. Figure 4 shows the effect of each
of three doses at three different time points. Three

FIGURE 1
Diagrammaticrepresentationof Harlequinstaining pro
duced by lack of stain in chromatids that have incorporated
BrdUin both DNAstrands. When DNAis allowed to synthe
size in presence of BrdU, first division chromatids incorpo
rate BrdUinonlyone oftwo strands and bothstrain normally.
In second division, one chromatid will incorporate BrdU in
both strands, other chromatid will incorporate BrdU in only
one strand. This results in Harlequineffect. In third division,
both chromatids incorporate BrdU in both strands. There is
lack of stain in both chromatids
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Effect of InTABLE
1

creasing Concentrations@
Rate (72 hr harvest)@Tc

onDivisionNo.

ofNo. of mCi/107% ofcontrolculturescells/culture
cellsmean Â±s.e.e.81

X i0@ 0.00100
(control)141X107

0.15590Â±1181X107
0.24280Â±1271

X io@ 0.58060 Â±1171
X io@ 0.72340 Â±1481X107

0.91010Â±391X107
1.060

(dead)

S

FIGURE 2
Photographof MN,micronucleiare resultof radiation-inducedchromosomalfragmentsnot incorporatedinmainnucleus.
Theyare easy to recognize and score. Theyare proportional in frequency to amountof chromosomal damage inducedand
are therefore useful quantitativeassay of damage

thousand cells were scored at each point. Although the
mitotic index was reduced at all 99mTcconcentrations,
there were sufficient mitotic figures in each group,
including 0.580 mCi, to provide valid data. As would be
expected, low doses of 99mTcwere observed not only to
decrease the total number of mitotic figures but also to
delay their peak appearance.

The Harlequin labeling experiments provided fur
then evidence of mitotic delay. Fifty divisions were
scored for the controls; however, the number of divi
sions available in the two samples treated with 99mTc
was only 20 at both 63 and 66 hr. There were no second
divisions at 72 hr in the exposed cultures as against 22%
in the control group. These data are presented in
Table 2.

Assessment of genetic damage by scoring micronu
dci (MN) at harvest times of 72 and 76 hr is presented

in Table 3, and the data from 76 hr are also presented in
Fig. 5. Increasing concentrations of 99mTcresulted in
proportional increases in MN. The later harvest times
had greater numbers of MN associated with them as a

result of division delay. The exception to this observa
tion was the 0.580 mCi exposure. The increased divi
sion delay associated with this tracer concentration is
responsible for the flat response at 72 hr and 76 hr. A
later harvest time would have produced an increased
number of MN.
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with regard to the relative radiotoxicity of [â€˜1â€˜In]oxine
on cellular components, especially lymphocytes
(20,21).

In the case@ â€˜â€˜In-labeled lymphocytes, a number of
reports have detailed significant functional impairment
due to radiation. Mild to severe aberrations in lympho
cyte migration patterns were demonstrated by Chis
holm et al. (22) using cells labeled with doses ofâ€• In as
low as iO @Ci/108cells. In another report, guinea pig
T-lymphocytes labeled with extremely low doses of
[â€œIn]oxine (1 to iO Ci/i08 cells) demonstrated
marked reduction in migration into inflammatory sites
while not impairing lymph node localization (23). This
report also revealed that a significant portion of the
isotope found at the inflammatory site was noncell
bound label. Others have demonstrated that even when
no effect on viability or cell surface phenotype is cvi

TABLE2Percentage
of Cells ReachingTheir SecondDivisionat

Various Times Following Initiation andStimulationof
CulturesIsotope
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Mitotic indices (mitotic flgure/ 1,000
cells) after culture with three concen
trations of 99â€•Tc/1 X 107 cells and
control. Variable culture time periods
were chosen in anticipation of in
creasing mitotic delay induced by in
creasing concentrations of 99r@@Tc

DISCUSSION

While various blood cellular components have been
successfully labeled with â€˜â€˜â€˜In and have purportedly
provided important information on distribution, migra
tion, and survival in various animal studies (9â€”14),
other applications, including clinical utilization (15â€”
19) have remained controversial. This controversy has

centered on the implication from studies performed

ISOTOPE CONCENTRATIONS mCi/IO7 CELLS

FIGURE 4
Micronucleiper 1,000cells76hr followingcultureinitiation
withvarious concentrations of 9@Tc iO@cells. 2,000 cells
were counted for each point.
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TABLE3Mlcronuclel
Production After 72 and 76 hr ofCultureat

Various Isotope ConcentratIons (mCi/b1cells)Micronuclei/Isotope

Hotrsof 1,000cellsconcentration
culture meanÂ±s.e.e.None

72 6.80Â±3.676
6.00Â±4.10.236mCI

72 27.13Â±9.676
36.50Â±11.30.435mCi

72 35.00Â±13.176
53.00Â±13.80.580

mCi 72 55.00 Â±14.276
56.80Â±16.7

loss of proliferative capacity and damage to genetic
material approximating an exposure of 60 cGray of 250
keV x-ray. While this compares favorably with â€˜â€˜@ In,
which produces damage in lymphocyte genetic material
equivalent to 2 to 2.5 Gy at only 9 @Ci/l07cells, the
radiation damage from 99mTclabeling remains signifi
cant. Although we have not investigated the in vivo
distribution of lymphocytes labeled with 99mTc at the
activity concentrations studied in vitro, these data dem
onstrate that lymphocytes labeled with 99mTcin tracer
concentrations sufficient for scintigraphy develop sig
nificantly less radiation equivalent chromosomal dam
age than with subscintigraphic concentrations of@ IIIn.
The feasibility of utilizing 99mTc..labeledlymphocytes
in certain specific applications is currently being
investigated.
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