
90 

LABELING OF MONONUCLEAR PHAGOCYTES 
IN GRANULOMAS AND INFLAMMATORY SITES 

T. J. Chambers 

W. G. Spector 

INTRODUCTION 

Granulomatous inflammation is characterized by an accumu-
lation of cells belonging to the mononuclear phagocyte system. 
It is seen in response to the presence in tissues of a variety 
of poorly degradable agents that are in addition either direct-
ly toxic to macrophages or become so following the development 
of an immune response. The degree of this toxicity is the fac-
tor largely responsible for the separation of granulomas into 
two broad categories: high- and low-turnover granulomas (1). 
In high-turnover lesions, there is a higher rate of cell death, 
a higher rate of proliferation of cells within the lesion, and 
a higher continued recruitment of monocytes than in low-turn-
over granulomas. Whereas the origin of the various cells seen 
in granulomatous inflammation can now perhaps best be studied 
by bone marrow transplantation using stable phenotypic markers, 
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the kinetics of inflammation still involves pulse-labeling 
cells with ["%]-thymidine and observing the subsequent fate 
of the nuclear label. 

To measure the rate of cell loss in the granuloma circu-
lating monocytes are labeled by intravenous injection of 
[ H]-thymidine before inducing granulomatous inflammation. 
Bone marrow precursors incorporate the isotope and labeled 
monocytes are released into the circulation. Animals are 
then killed at appropriate intervals and the inflammatory site 
studied by autoradiography. During the first few days, the 
proportion of mononuclear cells with labeled nuclei approxi-
mates to the proportion of labeled monocytes in the blood. 
Later the proportion of labeled nuclei falls as labeled cells 
die or emigrate and are replaced by fresh unlabeled cells. 
The intensity of label in the nuclei also falls as the cells 
proliferate in the lesion. The basis for the technique is 
that if the pulse of [3H]-thymidine precedes the inflammatory 
stimulus, practically all the labeled exudate cells must have 
come from the blood stream. Also, if a triple pulse of [ H]-
thymidine is used, 60-80% of circulating monocytes are labeled 
but less than 10% of circulating lymphocytes (2). Lastly, the 
labeled monocytes persist in the circulation for only a few 
days (3). 

The rate of proliferation of mononuclear cells within the 
lesion is measured by inducing granulomatous inflammation and 
administering a pulse of [3H]-thymidine 1 hr before sacrifice. 
After this time there is no labeling of circulating cells, and 
autoradiography gives a measure of the proliferation of cells 
in the inflammatory lesion itself. 

The relative contribution of the bone marrow and local 
proliferation to the maintenance of the lesion can be assessed 
either by exchange transfusion of labeled monocytes (4) or by 
irradiation of the bone marrow (5). A high-turnover lesion 
will show considerable decrease in size if it is shielded 
while the bone marrow is irradiated with 600 rad. A low-turn-
over lesion on the other hand is relatively self-sustaining 
and shows little change in size. 

II. REAGENTS 

(1) Tritiated thymidine ([ H] thymidine) (3-5 Ci/mM) is 
obtained from Amersham (Chicago, Illinois). Appropriate 
precautions should be taken throughout the procedure against 
personal or environmental contamination with the isotope. In 
particular the animal will excrete a significant proportion of 
the label in its urine and a considerable amount will remain 
in the corpse after the experiment. 
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(2) Carrageenan (Seakem 402 A.P.) (Marine Colloids: 1.0% 
in saline. 

(3) Bordetalla pertussis vaccine (Burroughs Wellcome Lab-
oratories, Research Triangle Park, North Carolina) is washed 
free of preservative by centrifugation and resuspended in 
sterile saline at lO1^ organisms/ml. 

(4) Complete Freunds adjuvant (Difco, Inc., Detroit, 
Michigan). 

(5) Animals. Rats or mice. 

III. PROCEDURES 

A. Labeling monocytes 

Animals are anesthetized with ether and given three injec-
tions of [3H]thymidine (0.5 yCi/gm body weight) at approxi-
mately 12 hr intervals via the tail vein using a 25-gauge 
needle. Care must be taken to ensure that no air remains in 
the syringe or needle before injection to avoid air embolism. 

B. Induction of Granulomatous Inflammation 

The animals are anesthetized, the fur over the injection 
site dampened with 70% ethanol and an area of skin shaved. 
Carrageenan, complete Freunds adjuvant, B. pertussis, or other 
agents are injected using a sterile technique either subcuta-
neously into a flank (0.5 ml) or intradermally into a footpad 
(0.1 ml) 6 hr after the last dose of [3H]thymidine. The ani-
mals are killed and the inflammatory sites removed at appro-
priate intervals thereafter. The size of the lesion is mea-
sured before fixing in 10% formalin. The excised site is then 
embedded in paraffin wax and sections taken for autoradio-
graphy by routine histological techniques. We prepare auto-
radiographs using the method described by Doniach and Pelc (6) 
with Kodak AR 10 stripping film. The exposure time should be 
constant for all experiments at around 28 days. The autoradio-
graphs can then be developed and counterstained with hematoxy-
lin and eosin. 

C. Cell Proliferation in the Lesion 

Inflammation is induced in rats as above without prelabel-
ing their monocytes with [3H]thymidine. A single dose of [3H]-
thymidine (0.5 yCi/gm body weight) is then given intravenously 
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at suitable intervals 1 hr before the animal is killed. Auto-
radiographs are then prepared as above. 

IV. CALCULATION OF DATA 

The percentage of labeled nuclei should be counted using 
an oil-immersion microscope objective (lOOx). There will be 
silver grains throughout the film, unrelated to nuclear label-
ing, as "background," and a value of three times the background 
count can be taken as positive labeling. In practice this 
means a grain count of 3-4 per nucleus. Usually the average 
number of grains in a recently emigrated cell nucleus is 12-15. 
Endothelial cells, vascular pericytes, and fibroblasts can be 
distinguished and should not be counted, but all other nuclei 
are included, as lymphocytes, monocytes, and macrophages cannot 
be reliably distinguished from one another in tissue sections. 

When [ H]thymidine is injected prior to the induction of 
inflammation, the earliest lesions show a similar proportion 
of labeled cells to that seen in circulating monocytes, around 
60-80%. This proportion falls rapidly in high-turnover granu-
lomas such as those caused by B. pertussis or complete Freunds 
adjuvant, so that by three weeks less than 5% of the mononu-
clear cells in the lesion are labeled. Carrageenan on the 
other hand induces a low-turnover lesion and 50-60% of the 
mononuclear cells still show nuclear label after the same 
time (7) . 

It is important also to count the number of grains in each 
labeled nucleus at the different times, since this will fall 
if the cells proliferate following exudation, and measurement 
of the fall in grain counts with time gives a measure of the 
degree of proliferation taking place in the lesion. However, 
dilution of label by mitosis to background levels must be con-
sidered in interpreting the apparent rate of cell loss as mea-
sured by the falling proportion of labeled cells. 

From this material the following values are calculated for 
the granuloma each time a sample is taken: the proportion of 
labeled nuclei; their average grain count; the proportion of 
nuclei entering mitosis in the lesion; the size of the lesion. 
From these values a graph can be plotted for each inducing a-
gent that can then be classified as causing a high-turnover or 
low-turnover lesion depending on the rate of change of the 
variables. 
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V. CRITICAL COMMENTS 

The technique is relatively simple and reproducible. Only 
the interpretation of results requires comment. The fall in 
the proportion of labeled cells may be due to mechanisms other 
than the toxic effect of the irritant. One is emigration of 
labeled cells from the lesion. This can be partially monitored 
by autoradiography of the draining lymph nodes. Another factor 
influencing the fall in the proportion of labeled cells is 
growth of the lesion after labeled cells have entered from the 
blood, thus diluting the labeled population with unlabeled 
cells and exaggerating the fall. This is not a problem in 
static or shrinking lesions. A third potential problem is 
that proliferation of the originally labeled cells causes di-
lution of label toward background levels. A more theoretical 
problem is that the system measures the average behavior of the 
labeled cells as though they were a uniform population. The 
constitution of the original population derived from the blood 
is relatively well defined, consisting predominantly of mono-
cytes. As time progresses, however, numerically insignificant 
subpopulations of labeled cells may behave differently from the 
majority of macrophages and distort later results by becoming a 
proportionally larger population [e.g., long-lived macrophages 
(5,7)]. 
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