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Although the current use of *'Cr for the evaluation of monocyte chemo-
taxis has yielded encouraging results, certain properties of this radionuclide
leave room for improvement. Technetium-99m was evaluated as an alter-
native label for this purpose. A cell loss of 509, was found, but the recov-
ered cells showed excellent viability and function. Chemotaxis was measured
using a modified Boyden’s chamber and a lymphocyte-derived chemotactic
factor. The chemotactic properties of **"Tc-labeled human monocytes were
preserved, and an excellent correlation between radioactive measurement
and microscopic counting of migrating cells was observed.

J Nucl Med 17: 988-992, 1976

The role of the human mononuclear phagocyte
system in the defense against infection has received
increased attention, leading to the identification of
clinically significant chemotactic defects of mono-
cytes in patients with tumors (/), primary immuno-
deficiencies (2), Chediak—-Higashi syndrome (3),
viral infections (4), and steroid therapy (5). This
growing interest calls for new techniques to facilitate
the study of monocytes and macrophages (6). Radio-
labeled mononuclear phagocytes have been used for
studies of migration, distribution, and survival (7,8).
Labeling is usually achieved using radioactive col-
loids that are phagocytized by these cells (9).
Chemotaxis, however, is more appropriately evalu-
ated with cells that have not been labeled by phago-
cytic activation (/0). Labeling of the cells eliminates
the staining and microscopic counting of migrating
cells in chemotaxis, thereby enhancing the efficiency
and objectivity of the test. Chromium-51 has been
used for this purpose (3), although its low specific
activity, its low available gamma photon flux per
microcurie, and its high spontaneous release from
cells (/1) are disadvantages that leave room for im-
provement.

Technetium-99m is the most widely used radio-
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nuclide in nuclear medicine today as a result of its
short half-life, high specific activity, pure gamma
emissions, and high photon flux (12). Once certain
types of cells have been labeled with **Tc in the
presence of stannous ion, the spontaneous loss of
radioactivity is low (/3). Both in vivo and in vitro
functions of erythrocytes and lymphocytes have been
studied with *®™Tc (11,14). We present data showing
that #*mTc may serve as a convenient alternative to
51Cr as a radioactive label in the study of monocyte
chemotaxis.

MATERIALS AND METHODS

Isolation of mononuclear cells. Sixty milliliters of
heparinized venous blood was obtained from healthy
adult donors and the mononuclear cells were sepa-
rated by Ficoll-Hypaque density-gradient centrifuga-
tion (15). The mononuclear layer was washed once
with RPMI-1640 medium,* and the cells were re-
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suspended by gentle Pasteur pipette aspiration in the
same medium to a concentration of 25 X 10 mono-
nuclear cells per milliliter in 16 X 150-mm screw-
cap Falcon round-bottom tubes. Differential cell
counts revealed 25-35% monocytes, 65-75% small
lymphocytes, and less than 3% polymorphonuclear
leukocytes. The average yield of monocytes was 0.45
X 108 per milliliter of heparinized blood. Viability
was 90-95% by trypan blue exclusion (16).

Technetium-99m labeling. The method of Barth
(17) was followed with minor modifications, pri-
marily the avoidance of chromate, since the efficiency
and strength of labeling were not improved by its
addition. One to five millicuries of pertechnetate
eluted with 0.9% NaCl from a **»Tc generatort was
added to 2 ml of the cell suspension and incubated
for 15 min in a 37°C water bath. The technetium was
then reduced by slowly dispensing 0.3 ml of sterile
freshly prepared 0.2% SnCl,-H.O dissolved in
freshly prepared acid citrate dextrose—phosphate
buffer.; The mixture was incubated for an additional
15 min in the 37°C water bath. The tubes were in-
verted several times to allow equilibration of the
reducing solution. Cells were immediately washed
three times with RPMI-1640, centrifuging each time
at 400 g at room temperature for 15 min. The super-
natants were counted to measure the rate of removal
of unbound **™Tc. After labeling and washing with
RPMI-1640, cell counts of the resuspended pellet
revealed 45-60% recovery of the cells, unchanged
white-blood-cell differential count, and 90-95% vi-
ability by trypan blue exclusion. In some experiments
six washings with RPMI-1640 were performed in
order to ascertain whether all the free **™Tc had been
removed. No significant removal of unbound nuclide
was found, but the recovery of cell-free radioactivity
attributable to cell loss was considerable (20-25%
for each subsequent washing). Therefore, only three
washings were used throughout this experiment to
remove unbound *™Tc,

Technetium-99m activity measurement. Counts
per minute were obtained in an automatic gamma
counter|| and normalized to 1 mCi of **™Tc, since
varying amounts of the nuclide were added in each
experiment. All samples were counted at exactly the
same time after labeling (usually 24 hr) to simplify
calculations. Uptake curves were corrected for decay
and expressed as counts per minute (cpm) at time
zero.

Quantitative nitrobluetetrazolium (NBT) reduc-
tion. The function of labeled cells was measured by
their ability to reduce NBT after ingestion of latex
particles. Baehner and Nathan’s method was used
with minor modifications (/8). A prefiltered 0.2%
solution of NBTY in normal saline was used instead
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FIG. 1. Relationship between ber of { cells re-
covered after labeling with ®™Tc and absolute count rate (cpm)
corrected for decay back to time zero.

of the 0.1% NBT solution recommended for poly-
morphonuclears, since the latter yielded reactions too
weak for accurate measurement. Parallel radio-
labeled and unlabeled cells from the same donor
were assayed, and the optical density (OD) at 515
nm for resting cells and latex-phagocytizing cells
were measured; also the individual differences
(AODy,;) of these two measurements were noted.
Spontaneous release of ***Tc. Washed labeled cells
were resuspended in RPMI-1640 medium to a con-
centration of 3—5 X 109 cells per ml. A spontaneous
gravity—ultrafiltration system with a 5.0-um Nucle-
pore filter§ was set up using 10 ml of this cell
suspension in an inverted syringe attached to a Swin-
nex filter. The filtrate (approximate volume, 0.5 ml)
was collected every 30 min for 4 hr and counted.
Since random migration of monocytes may occur
under these conditions, ultrafiltrates were assayed for
the presence of detached cells by centrifugation at
500 g for 45 min at room temperature. The count
rate in these supernatant fluids was determined and
compared to the count rate in the original ultra-
filtrate. The putative cell pellet was also counted.

989



PAPIERNIAK, BOUREY, KRETSCHMER, GOTOFF, AND COLOMBETTI

Chemotaxis of monocytes. The method of Snyder-
man with Boyden chambers** (/9) and the double-
filter modification (20) was used. All experiments
were done in duplicate or triplicate. The top filter
was a 5-um Nuclepore and the bottom an 8-um cell-
impermeable cellulose nitrate filter.tf The upper
compartment was filled with 0.8 X 10® monocytes
suspended in 0.5 ml of modified Gey’s solution (21).
The bottom compartment contained 0.4 ml of the
chemotactic attractant dissolved in 1.1 ml of Gey’s
veronal-gelatin buffer (22). The attractant used was
a lymphocyte-derived chemotactic factor obtained
from phytohemmaglutinin (PHA) stimulated adult
lymphocytes (LS), and appropriate controls (LC
and O) as described by Altman (23). Chemotaxis
was allowed to proceed for 3 hr at 37°C in a 5%
CO; atmosphere, after which the compartments were
emptied, the filters removed, and the bottom filters
placed in counting vials with 95% ethanol for fixa-
tion. Chemotaxis was expressed as cpm/mCi in the
bottom filter 24 hr after labeling. After counting, the
filters were stained with Harris’ hematoxylin (24).
Monocytes present on the upper surface of the bot-
tom filter were counted by microscopy and expressed
as monocytes per high-power field.

Statistical analysis. Results were analyzed by the
Student’s t-test and the r test for linear correlation
(25).

RESULTS

Technetium-99m uptake by mononuclear cells. Of
the #mTc¢ added, 0.5-2.0% remained bound to the
mononuclear cells after three washes. Over 90% of
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FIG. 2. Com:ora'ivc quantitative NBT reduction test in un-
labeled (C) and ®™Tc-labeled (L) cells. Geometric means and stand-
ard errors are shown: (NS) not significant; (AOD) difference in

optical densities between corresponding resting and phagocytizing
cells.
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FIG. 3. Chemotaxis of ®™Tclabeled monocytes. Attractants:
(LS) supernatants of PHA-stimulated lymphocytes; (LC) supernatant
of unstimulated lymphocytes, i.e., PHA added just prior to har-
vesting; (O) culture di alone, rand migrati Geometric
means * 1 s.d. are shown.

the pertechnetate was removed with the first washing.
Within the limits of the uptake range, there was a
linear relationship between the number of cells re-
covered and cell-bound **»Tc (Fig. 1).

Spontaneous release of °*"Tc from labeled mono-
nuclear cells. Leakage did not exceed 3% of the
cell-bound activity at any time over 4 hr. No cell
pellet was found after centrifugation of the filtrates,
and there was less than background difference be-
tween the ultrafiltrate and the supernatant fluid of the
centrifuged ultrafiltrate. This confirms the negligible
detachment of monocytes from filter surfaces into
the attractant fluid of the chemotactic chambers
(26).

Nitrobluetetrazolium reduction test. An insignifi-
cant decrease in NBT reduction was observed in
labeled monocytes when compared to unlabeled cells
(Fig. 2). Since only monocytes, but not lymphocytes,
have the phagocytic ability and enzymatic machinery
to reduce NBT (27), the results establish the func-
tional integrity of the labeled monocytes.

Chemotaxis. Results are shown in Fig. 3. Radio-
activity in the bottom filter of chemotactically stimu-
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FIG. 4. Linear correlation between chemotaxis evaluated mi-
croscopically (monocytes per high-power field and measured by ra-
dioactivity counting (cpm/mCi ®™Tc/24 hr per bottom filter). At-
tractants: (LS) supernatants of PHA-stimulated lymphocytes; (LC)
supernatants of unstimulated lymphocytes, i.e., PHA added just
prior to harvesting; (O) culture medium alone. Shaded area rep-
resents mean * 1 s.d.

lated chambers (LS) was significantly higher (p <
0.01) than that of nonstimulated (LC) or random
migration (O) chambers. The corrected ratios be-
tween stimulated and nonstimulated chambers was
3.92 = 191 (mean =% s.d.). Since virtually only
monocytes, as opposed to lymphocytes, migrate
through S5-pm filters (/9), these results indicate up-
take of the nuclide by monocytes. Finally, a strong
linear correlation (r = +4-0.93, s.e.r. = 0.058, n =
40) was found between radioactivity in the bottom
filter and the number of monocytes per high-power
field counted on the upper surface of the same filter
(Fig. 4).

DISCUSSION

The results of this study indicate that ®*»Tc can be
used as a radioisotopic label to study human mono-
cyte chemotaxis. This nuclide offers some advantages
over %ICr (11): lower spontaneous release from the
cells and higher specific activity in the face of similar,
albeit low labeling yields (28). Labeling with 5!Cr
(3) or °mTc causes approximately 50% cell loss.
However, 95% of the cells recovered after labeling
with either nuclide are viable (3), and in the case of
®mTc labeling they displayed excellent phagocytic
and enzymatic functions as revealed by their ability
to reduce NBT (29). The disadvantage of the cell
loss can be overcome by using chemotactic chambers
that require smaller numbers of cells.

Not more than 3% of the **»Tc leaks out spon-
taneously over 4 hr under the experimental condi-
tions of chemotaxis, a figure that compares favorably
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with the 10% leakage of 'Cr under similar condi-
tions (11,30,31). Part of the leaked nuclide may go
through the filter(s) used for chemotaxis and even-
tually appear in the lower (attractant) compartment.
A fraction of this unbound radioactive material may
be retained by the filters and thus constitutes a con-
stant background (Fig. 4). Since an excellent corre-
lation was found between the radioactivity of the
lower filter and the monocytes counted microscop-
ically on the upper surface of the same filter, no cor-
rection for this background seems necessary provided
chemotaxis is expressed in the currently preferred
form of corrected cpm per bottom filter (3,28). On
the other hand, this background does affect the re-
sults if chemotaxis is expressed as a ratio and there-
fore has to be subtracted. The corrected monocyte
chemotactic ratios observed in this study, and those
using a 5!Cr label (3), are smaller than those re-
ported in studies using unlabeled cells (19,32). This
difference may be attributed to a small loss of chem-
otactic vigor by the labeled monocytes, yet it seems
a tolerable price to pay for the advantages offered by
the labeled-cells method. First, a larger number of
chemotactic chambers can be studied in the same
period of time by avoiding the laborious staining and
microscopic counting of the migrating cells. Sec-
ondly, the whole filter area is counted as opposed to
the limited number of high-power fields evaluated
microscopically. Finally, we have developed an ob-
jective method of measurement, eliminating investi-
gator bias.
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FOOTNOTES

* RPMI-1640 medium consists of 50 U penicillin and 50
ug streptomycin per ml; for chemotactic studies 5% de-
natured AB/Rh+4 plasma was also added.

+ Mallinckrodt Ultra TechneKow FM (St. Louis, Mo.).

t The buffer consisted of 3.00 gm of NayCeHsO:, 0.20 gm
of dextrose, and 0.02 gm of NaH:PO. to 100 ml of distilled
water. The pH was adjusted to 7.4 with 10% NaHCO..

|| Searle Radiographics Series 1185 (Des Plaines, I11.).
q Sigma Chemical Co., St. Louis, Mo.

§ Nuclepore Co., Calif.

** Neuropore, Bethesda, Md.

t1 Beckman-Sartorius, Chicago, Ill.
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