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ABSTRACT

A monoclonal antibody, designated 3.2.3, which recognizes a novel M,
60,000 disulfide-linked lytic triggering structure present on rat large
granular lymphocytes and natural killer (NK) cells was recently described
(W. H. Chambers et al., J. Exp. Med., 169: 1373-1389, 1989). The
present study describes the use of 3.2 J to identify the in situ tissue
distribution of large granular lymphocytes/NK cells in different organs
from normal and tumor-bearing F344 rats. Frozen tissue sections were
prepared and stained with monoclonal antibody 3.2 J using an avidin-
biotin immunoperoxidase technique. 3.23+ NK cells were easily identi
fied using this technique, and quantitative analysis of various tissues of
normal rats demonstrated that (a) in the spleen, most NK cells were
located, sometimes as aggregates, in the red pulp (12.4% of total nu
cleated cells in that organ compartment) with relatively few noted in the
white pulp (0.2-2.3%); (A) in the liver, 3.2.3+ cells were rare, sparsely
distributed, and located primarily in the sinusoids (1.2%); (c) in the lungs,
3.2.3+ cells were located in the interstitium (3.7%); (</) in the thymus,
3.2.3+ cells were found primarily in the medulla (1.8%) adjacent to the
cortex but not in the cortex itself (0.2%); (?) in the lymph node, most
3.23+ cells were contained in the paracortex (6.9%); and finally (/) in
the small bowel, 3.2.3+ cells were present in the lamina propria (8.6%)
and as aggregates in the interfollicular zone of Peyer's patches (0.7%).

To study the distribution of 3.2.3+ NK cells in developing tumor mÃ©tas
tases, we induced liver mÃ©tastasesby intrasplenic injection of MADB106
mammary adenocarcinoma cells and prepared frozen tissue sections of
the liver 10-14 days later. We found that the frequency of 3.2.3+ cells
in the developing liver mÃ©tastaseswas 3-6 times higher than in the
surrounding normal liver tissue. Moreover, the frequency of 3.2.3+ NK
cells was equivalent to the frequency of tumor-infiltrating CD5+ T-cells
identified in the same tumor lesions. This suggests specific infiltration of
3.2.3+ NK cells in early developing metastatic lesions. These results
indicate that monoclonal antibody 3.2.3 will be valuable in analyzing the
involvement of NK cells in various pathological states.

INTRODUCTION

NK3 cells are defined as a subpopulation of CD3-negative

large granular lymphocytes which are capable of lysing certain
neoplastic or virally infected target cells, as well as certain
microorganisms (1-3) without previous sensitization (4, 5) or
major histocompatibility complex restriction (6, 7).

The tissue distribution of NK cells in the rat has been difficult
to assess, due to the lack of NK-specific cell surface markers.
Currently available MAbs that react with NK cells have been
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shown to cross-react with many other cell types. OX8 (anti-
CD8), for example, which identifies all rat NK cells, also reacts
with cytotoxic/suppressor T-cells as well as 90% of thymocytes;
anti-asialo GMi reacts with NK cells, subsets of thymocytes,
and 30% of peripheral T-cells; and OX34 (anti-CD2) reacts
with virtually all NK cells, thymocytes, and peripheral T-cells
(8, 9).

Except for a single description of the tissue distribution of
OX8+ lymphocytes in tissues from athymic nude rats (10), no
immunohistochemical analysis of the localization of NK cells
in normal or tumor-bearing rats has been reported. Moreover,
information regarding the in situ tissue distribution of NK cells
in mice or humans is also limited, and a systematic analysis has
not been performed (for a review, see Ref. 3). However, such
information could be important, particularly in the case of
metastatic tumor growth or other pathologic lesions in which
NK cells have been implicated in control mechanisms. In this
regard, Chambers et al. (11) have recently described a M Ab,
designated 3.2.3, that recognizes a lytic triggering molecule on
all LGL/NK cells and is brightly expressed on NK cells, even
following their activation with IL-2 (11). The 3.2.3 antigen is
also expressed on granulocytes, but its intensity of expression
as determined by flow cytometry is much lower than on NK
cells (11). In this study we describe, using in situ immunoper
oxidase staining, the distribution and localization of 3.2.3+
cells in the tissues of normal and tumor-bearing F344 rats.

MATERIALS AND METHODS

Animals. Male Fischer 344 rats (75-100 g) were purchased from
Taconic Farms, Inc. (Germantown, NY) and were housed in a specific
pathogen-free animal facility at the Pittsburgh Cancer Institute for at
least 10 days prior to use.

Tumor Cells. The NK-resistant rat tumor cell line MADB106 (F344
mammary adenocarcinoma) (12) was grown in RPMI 1640 with 5%
FCS and antibiotics.

Tissues. All tissues were embedded in OCT compound (Tissue Tek;
Miles, Inc., Elkhart, IN) and snap-frozen at -70"C. Cryostat sections

(6 mm) were cut and fixed according to the method of Hall et al. (13).
Briefly, sections were air-dried, fixed by immersion in acetone for 2
min at room temperature, washed twice in PBS, pH 7.3, and subse
quently immersed in freshly prepared periodate-lysine-paraformal-
dehyde fixative (SO ml 3% paraformaldehyde and 100 ml 0.1 M sodium
phosphate, pH 7.4, containing 0.9 g lysine and 0.146 g sodium perio
date) for 8 min at 4Â°C.

Immunostaining. After fixation, sections were washed for 10 min in
PBS. Endogenous peroxidase activity was reduced by an incubation for
30 min in methanol containing 0.3% I UK which was followed by an
equilibration for 10 min with O.OSMTBS, pH 7.6. The immunostaining
was performed using the avidin-biotin-peroxidase technique (Vecta-
stain; Vector Laboratories, Burlingame, CA). After an incubation for
15 min with a blocking serum to prevent nonspecific binding of the
antibody, 100 u\ of the primary antibody was pipeted onto the sections
and incubated for l h at room temperature. For the negative controls
an irrelevant mouse monoclonal antibody of the same isotype as MAh
3.2.3 (IgGlk) was used as the primary antibody. Sections were then
washed with TBS and incubated with the secondary biotinylated anti-
serum (horse anti-mouse IgG, rat adsorbed, 1:250) for 30 min at room
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temperature. Subsequently sections were washed in TBS, incubated for
30 min with Vectastain ABC reagent (avidin:biotinylated horseradish
peroxidase complex), and again washed. Finally, sections were stained
using aminoethylcarbazole (Bio-Genex, Dublin, CA) as the substrate,
activated with 0.1 % HjOz, and counterstained with Meyer's hematox-

ylin. An aqueous mounting medium (Crystal/Mount; Biomeda Corp.,
Foster City, CA) was used for permanent preservation of the dye.

Preparation of Lymphoid Cells. Spleens were aseptically removed,
and single-cell suspensions were prepared in RPMI 1640 with 5% FCS.
Mononuclear cells were obtained after centrifugation on Ficoll-Hy-
paque gradients (density 1.077) at 300 x g for 20 min. Subsequently
cells were washed twice in RPMI 1640 with 5% FCS and passed over
nylon wool columns (l h at 37Â°C)to remove monocytes/macrophages

and B-cells(14).
Preparation of A-LAK Cells. A-LAK cells were prepared as previously

described (15). Briefly, nylon wool nonadherent mononuclear spleen
cells were cultured at 2 x IO6cells/ml in RPMI 1640 with 5% FCS, 5
x 10~5M2-mercaptoethanol, and 1000 units/ml rIL-2 in 75-cm2 culture

flasks. After 48 h, the nonadherent cells were decanted, and the adherent
cells were washed three times with prewarmed (37Â°C)RPMI 1640. The

nonadherent cells were removed by centrifugation, and the supernatant
(conditioned medium) was filtered and then added back to the adherent
cells. After an additional 3 days of culture, A-LAK cells were harvested
by incubation for 5 min with 5 ml of 5 mM EDTA in PBS. These cells
have been shown to contain >95% activated NK cells with a character
istic NK cell surface phenotype and LGL morphology.

Preparation of PMN. PMN were isolated from heparinized rat blood
by sedimentation with 6% dextran (l h at 37Â°C)and centrifugation on

Ficoll followed by isotonic lysis of the residual erythrocytes with hy
potonie ammonium chloride (0.82%).

In Vivo NK Depletion. In vivo NK depletion with MAb 3.2.3 was
performed as described previously (16). Briefly, F344 rats received i.p.
injections of 0.1 ml of MAb 3.2.3 ascites in HBSS once a day for 3
consecutive days. One day later (day 4) rats were sacrificed, and tissues
were processed as described above. For in vivo NK depletion with anti-
asialo (rM, animals received i.p. injections of 40 /<!of antiserum (1:25
in HBSS) once a day for 2 consecutive days before they were sacrificed
2 days later (day 4) (16). The efficacy of the in vivo NK depletion was
determined by the elimination of splenic NK activity as tested in a 4-h
"Cr release assay against NK-sensitive YAC-1 target cells (data not

shown).
Interleukin 2. Human rIL-2 was kindly provided by the Cetus Corp.

(Emeryville, CA) and contained 2.5 x 10' units of IL-2/mg of protein
(as defined by ['HJthymidine incorporation into CTLL-2 cells).

Induction of Tumor MÃ©tastases.MÃ©tastasesof the MADB106 mam
mary adenocarcinoma cell line were induced in the liver by injecting a
suspension of 4 x 10' tumor cells (in 1 ml HBSS) into the spleen of

anesthetized rats. After a 5 min wait, the spleen was surgically removed,
and the splenic hilar vessels were ligated. Lung mÃ©tastaseswere induced
by injecting 1 x id" tumor cells (in 0.5 ml HBSS) into the lateral tail

vein of anesthetized rats. In each case organs were removed 10-14 days
later and prepared for in situ staining.

Antibodies. MAb 3.2.3 was produced as previously described (11).
IgG antibody was purified from ascites fluid by affinity chromatography
over protein A-Sepharose and was shown to be 98% pure by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis. MAb OX 19 (anti-
CD5), which reacts with all rat T-cells, was obtained from Bioproducts
for Science (Indianapolis, IN). For immunohistochemical staining, each
antibody was used at an optimal dilution based on preliminary dose-

response titrations.
Cytochemical Staining for Granulocytes. For myeloperoxidase stain

ing, sections were fixed for 1 min in 1.25% glutaraldehyde and 1%
formaldehyde in PBS at room temperature, rinsed in TBS, and im
mersed for 1 min in 0.5 mg/ml dimethylaminoazobenzene in TBS with
0.3% II.-O...Sections were then rinsed and counterstained with Giemsa
solution. Staining for CAE was performed according to the method of
Yam et al. (17).

Quantitation of Tissue Distribution. The number of positive-staining
cells was determined by using a x 20 or x 40 objective and a reticle,

containing 100 squares, fitted to an Olympus BH-2 microscope. The
total number of cells and the number of positive cells present in the
square were counted in 10 representative areas of 250,000 mm2 (for x
20) or 125,000 mm2 (for x 40) from each section. The percentage,

mean, and SD of positive cells in each tissue were determined. All
sections were evaluated by four independent observers.

RESULTS

Immunohistochemical Reactivity of MAb 3.2.3 with Tissues
from Normal F344 Rats. Tissues from normal F344 rats were
obtained and analyzed for the presence of 3.2.3+ cells using
avidin-biotin immunoperoxidase staining. All sections were
examined quantitatively, and the results are expressed as the
number of positive cells per mm2 as well as the percentage of

positive cells in a given anatomical region (Table 1). Photomi
crographs were prepared from representative fields of a given
tissue (Figs. 1-4).

From the composite data shown in Table 1 it can be con
cluded that 3.2.3+ cells are most abundant in the red pulp of
the spleen (12.4% of total nucleated cells) (Fig. IA), the lamina
propria of the small intestine (8.6%) (Fig. 4B), and the para-
cortex and medulla of inguinal lymph nodes (6.9%) (Fig. 3A).
Interestingly, in the red pulp of the spleen we consistently noted
areas in which aggregates of 3.2.3+ cells were clustered in close
proximity to the marginal zone (Fig. IB). Fewer but still
significant numbers of 3.2.3+ cells were also identified in the
interfollicular zone of the lymph node (3.6%), the interstitium
of the lung (3.7%) (Fig. 2B), and the marginal zone of the white
pulp in the spleen (2.3%). Aggregates of 3.2.3+ cells were also
found between the Peyer's patches and the lamina propria of

the ileum (Fig. 4B). 3.2.3+ cells were rare and sparsely distrib
uted in the liver (mainly in the sinusoids) (Fig. 2/1), bone

Table 1 Distribution of 3.2.3-positive cells in hematopoietic and
nonhematopoielic tissues in F344 rats

Tissues 3.2.3+ cells/mm2
%of

3.2.3+ cells

Spleen
White pulp

Periarteriolar lymphoid sheath 60 Â±18Â° 0.2 Â±0.1*

Germinal center 73 Â±11 0.3 Â±0.1
Marginal zone 319 Â±116 2.3 Â±1.0

Red pulp 1173 Â±70 12.4 Â±1.2

Liver 28 Â±9 1.2 Â±0.6

Lung
Interstitium c 3.7 Â±0.5

Thymus
Cortex 46 Â±16 0.2 Â±0.1
Medulla 288 Â±35 1.8 Â±0.5

Bone marrow 38 Â±30 0.6 Â±0.5

Lymph node
Follicle 53 Â±22 0.2 + 0.1
Interfollicular zone 647 Â±180 3.6 Â±1.3
Paracortex and medulla 856 Â±297 6.9 Â±1.4

Peyer's patches

Follicle 9Â±6 0.04 + 0.01
Interfollicular zone 123 Â±61 0.7 Â±0.3

Ileum
Epithelium and lamina propria 912 Â±133 8.6+1.3

" Mean + SE; cells in 10 areas from each anatomic region in three rats were

analyzed.
* Mean percentage positive cells (Â±SE)of total nucleated cells in each anatomic

region.
' Not determined, because number of cells per area was variable depending on

the degree of inflation of the lungs at the moment of preservation.
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and this staining was weak. In contrast, similar staining of
cytospin preparations of rat A-LAK cells (IL-2-activated NK
cells) showed bright 3.2.3+ staining on virtually all cells. Fi
nally, in tumor sections containing focal necrotic areas, CAE+
PMN were identified, but these same areas were negative for
3.2.3+ cells. Thus, although PMN are weakly positive in their
expression of the 3.2.3 antigen as detected by flow cytometry,
we believe the foregoing data indicate that this expression is
below the threshold of detection by the in situ technique. Taken
together, these results indicate that MAb 3.2.3 does not identify
PMN in the tissue sections used for this study.

We have also stained cytospin preparations of nylon wool-
passed mononuclear spleen cells from rats that were depleted
of NK cytolytic activity by in vivo pretreatment with anti-asialo
GM, and found <1% 3.2.3+ cells. This indicates that the
number of 3.2.3+ cells had decreased according to the elimi
nation of NK activity. The few remaining 3.2.3+ cells can most
likely be explained by either (a) an incomplete elimination of
all NK cells by anti-asialo GM, or (b) the existence of a few
3.2.3+/asialo GM,- NK cells. Both explanations might be true
because we have recently found by two-color fluorescence-
activated cell sorting 3.2.3+ cells that have little or no expres
sion of asialo CM, (16).4

As for the 3.2.3+/CD5+ T-cells (3-6% of all T-cells in the
Â¿v" spleen), which we have recently identified by two-color flow

cytometric analysis (16), again these cells only weakly express

>
â€¢â€¢

Fig. 1. Photomicrographs of frozen tissue sections of F344 rat spleen, stained
with MAb 3.2.3. A, Positive cells are found primarily scattered throughout the
red pulp (KP), and fewer 3.2.3+ cells are noted in the marginal zone (MZ),
germinal center (G), or periarteriolar lymphoid sheath (P) of the white pulp, x
200. B, aggregate of 3.2.3+ cells located in the red pulp in close proximity to the
marginal zone, x 400.

marrow, thymus, and germinal centers of the spleen, lymph
nodes, or Peyer's patches. Interestingly, in the thymus, most

3.2.3+ NK cells localized in the medulla and adjacent to the
corticomedullary junction (Fig. 4A).

We have previously reported that, in addition to NK cells,
MAb 3.2.3 also reacts with PMN and a rare subset of CD8+
T-cells, as determined by flow cytometric analysis (11, 16).4

However, the intensity of staining of these two leukocyte subsets
is much lower than that noted for NK cells (11, 16). Several
lines of evidence indicated that the /'/; situ staining revealed in

this study detected exclusively NK cells and not PMN. First, in
sections of bone marrow, which is rich in myeloid cells (includ
ing PMN), only 0.6 Â±0.5% 3.2.3+ cells were noted. This
frequency of NK cells is consistent with previous reports on the
frequency of NK cells in the bone marrow (~1 % of mononuclear
cells) (18, 19). Over 20% of the bone marrow cells were iden
tified as myeloid cells by myeloperoxidase staining and CAE
staining. Second, acute inflammatory lesions, induced by the
s.c. injection of viable Escherichia coli, did not contain any
3.2.3+ cells, whereas numerous CAE+ PMN were found.
Third, in situ staining of cytospin preparations of purified blood
PMN revealed only a small percentage of 3.2.3+ cells (<15%),

4 M. R. M. Van den Brink and J. C. Hiserodt. Monoclonal antibody 3.2.3
recognizes all natural killer cells and all lymphokine-activated killer cell precur
sors in the rat spleen, submitted for publication.
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Fig. 2. Photomicrographs of frozen tissue sections of liver and lung from F344
rats, stained with MAb 3.2.3. Only a few positive cells were found in the liver
(II. localized in the hepatic sinusoids; in the lung (B) positive cells were seen in
the inters! h him X 400.
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Fig. 3. Photomicrographs of frozen tissue sections of inguinal lymph nodes
from F344 rats, stained with MAb 3.2.3. I. Positive cells are mainly found in the
interfollicular zones, paracortex and medulla, x 100. B, interfollicular zone (with
positive cells) surrounded by follicles, x 200.

the 3.2.3 antigen and were not identified in these tissue sections
for the following reasons. First, as previously reported, in vivo
administration of 3.2.3 completely eliminates all NK cells in
rats without decreasing the number of 3.2.3+/CD5+ T-cells, as

determined by flow cytometric analysis. However, in situ stain
ing of spleen sections from 3.2.3-treated animals did not reveal

any 3.2.3+ cells, most likely because the intensity of staining
of the remaining 3.2.3+/CD5+ T-cells is too weak. Second,
cytospin preparations of nylon wool-passed mononuclear

spleen cells contained 10.4 Â±3.6% 3.2.3+ cells. However, flow
cytometric analysis of these same cells revealed 12%
3.2.3brighl+/CD5- cells and around 6% 3.2.3dim+/CD5+ cells.

This difference in total number of 3.2.3+ cells as detected by
flow cytometry (~18%) and immunohistochemical analysis
(-10%) indicates that the 3.2.3dim+/CD5+ T-cells are most

likely not detected by our histochemical techniques.
Thus, based on these arguments, we feel that the vast majority

of cells identified by 3.2.3 in these tissue sections are NK cells.
Immunohistochemical Localization of 3.2.3+ NK Cells within

Developing Liver MÃ©tastases.To determine whether 3.2.3+ NK
cells could be identified in developing tumor mÃ©tastases,we
induced liver mÃ©tastasesby injecting a NK-resistant mammary

adenocarcinoma (MADB106) into the spleen and prepared
sections of the liver 10-14 days later. Sections were stained
with 3.2.3 to identify NK cells, with OX 19 (anti-CD5) to
identify T-cells, and with myeloperoxidase or CAE to identify

PMN. The results of these studies are shown in Table 2 and
Fig. 5. In developing liver mÃ©tastases(day 10-14 micrometas-
tases), we noted that 3.2.3+ NK cells were markedly increased
in frequency (3- to 6-fold) relative to the surrounding normal

liver tissue. Confirmation of the presence of NK cells was
obtained by staining with anti-asialo GM, antiserum, which

gave a similar pattern of infiltrating asialo GM,+ cells (data
not shown). When the same tumor mÃ©tastaseswere stained
with a pan-T-cell marker OX 19 (anti-CD5), we found essen
tially identical frequencies of tumor-infiltrating T-cells

Fig. 4. Photomicrographs of frozen tissue
sections of thymus and ileum with Peyer's

patches from F344 rats, stained with MAb
3.2.3. A, In the thymus most of the positive
cells are located in the medulla in close prox
imity to the corticomedullary junction. B, ag
gregate of positive cells in the ileum between
Peyer's patches and lamina propria, x 200.

- ' Â¥â€¢â€¢.
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Table 2 Distribution of 3.2.3+ NK cells and CD5+ T-cells in MADB106 liver mÃ©tastases
Liver mÃ©tastasesof the MADB106 mammary adenocarcinoma were induced by intrasplenic injection of 4 x 10* tumor cells (in 1 ml HBSS), followed by

splenectomy. After 10-14 days, the animals were sacrificed, and the livers were prepared for in situ staining.

Staining with3.2.3Normal

livertissueNo.

of
positive

Animalcells/mm21

18 Â±14"

2 12Â±6
3 10Â±7
4 8Â±6%of

positive
cells0.7

Â±0.6*

0.9 Â±0.4
0.8 Â±0.5
0.7 Â±0.5Liver

mÃ©tastasesNo.

of
positive

cells/mm2247

Â±73
203 Â±81
182 Â±32
292 Â±96%of

positive
cells3.3

Â±0.9
2.8 Â±1.0
2.7 Â±0.5
3.9 Â±1.3Staining

with OX19Liver

mÃ©tastasesNo.

of
positive

cells/mm2224

Â±80
144 Â±128
192 Â±128
288 Â±320%of

positive
cells3.0

Â±1.0
2.0 Â±1.8
2.9 Â±1.9
3.7 Â±4.0

' Mean Â±SD; for each animal 4 to 7 mÃ©tastasesand their surrounding normal liver tissue were analyzed.
* Mean percentage of positive cells Â±SD.

ÃŽ

Fig. 5. Photomicrographs of frozen tissue sections of mÃ©tastasesin the liver
of F344 rats, which received injections of 4 x IO6 MADB106 mammary adeno
carcinoma cells 10-14 days before. An increased number (3- to 6-fold) of 3.2.3+
cells can be seen in the tumor in comparison to the few 3.2.3+ cells in the
surrounding normal liver tissue. A, x 200; B, x 400.

(OX 19+) and NK cells (3.2.3+). This suggests selective infiltra
tion of NK cells into the developing metastatic lesions.

DISCUSSION

This study reports on the in situ localization of NK cells in
lymphoid and nonlymphoid tissues of normal and tumor-bear
ing rats. We have used a MAb that is brightly and stably
expressed on rat LGL/NK cells (termed 3.2.3) and which
identifies a M, 60,000 disulfide-linked lytic triggering molecule
on NK cells. The results obtained in normal animals confirm

and extend a single previous study using nude rats and MAb
OX8 (anti-CD8) that also identifies all rat NK cells (10).
However, the assessment of the tissue distribution of NK cells
in normal animals using OX8 is not possible inasmuch as OX8
also identifies CD8+ T-cells present in high numbers in such
organs as the spleen, lymph nodes, and thymus.

As reported for OX8 expression in nude rats (10), 3.2.3+
cells were present in their highest frequencies in the red pulp
of the spleen. Occasionally, aggregates of 3.2.3+ cells were also
noted in this anatomical region, suggesting focal areas of cell
ular expansion or specific migration. In this regard, it has been
shown that purified LGL selectively migrate to the red pulp of
the spleen following i.v. injection (20). The 3.2.3+ cells were
also found in relatively high frequencies in the lamina propria
of the ileum. This is consistent with previous studies showing
that up to 25% of intraepithelial lymphocytes in the rat intestine
are LGL (21). Lower but still significant frequencies of 3.2.3+
cells were noted in the interstitium of the lung and marginal
zone of the spleen. In contrast to previous reports (18, 19), we
were able to detect consistently 3.2.3+ cells in inguinal lymph
nodes. These cells were mainly located in the paracortex, me
dulla, and interfollicular zones of these organs. The 3.2.3+ cells
were rare in the liver, bone marrow, and germinal centers of
the spleen, lymph node, or Peyer's patches. The 3.2.3+ cells in

the liver sinusoids were distributed in a pattern previously
reported for so-called Pit cells, which have been identified as
liver NK cells (20-24). Finally, in the thymus most 3.2.3+ cells
localized in the medulla and adjacent to the cortico-medullary
junction. Almost no 3.2.3+ cells were identified in the cortex.

The study also identifies the presence of relatively high con
centrations of 3.2.3+ NK cells in developing tumor mÃ©tastases.
Early metastatic foci (days 10-14) of MADB106 adenocarci
noma cells induced in the liver contained 3.2.3+ NK cells that
were 3- to 6-fold higher in frequency than in adjacent normal
tissue. Developing liver mÃ©tastasesalso contained infiltrating
CD5+ T-cells, but the frequency of these T-cells was similar to
that of the 3.2.3+ cells (Table 2). Since rat NK cells are
completely CDS-, this suggests a selective infiltration of NK

cells into these metastatic lesions and supports previous studies
indicating the potential role of NK cells in mediating inhibitory
effects on metastatic tumor growth (12, 25-27). CAE+ PMN
were also noted in the metastatic lesions, but they differed in
distribution and frequency compared to the 3.2.3+ tumor-
infiltrating NK cells and were primarily associated with areas
of tumor necrosis.

Taken together, the data suggest that NK cells may selectively
migrate to early metastatic lesions and could possibly exert
antitumor effects. In this regard, we and others have shown
that the elimination of functional NK cells in vivo by adminis-
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tration of either anti-asialo GM, (28-30) or 3.2.3 (16) markedly
enhances the metastatic growth of experimentally induced tu
mors. It is generally believed that the effect of NK depletion on
tumor growth is at the level of the embolie spread of the tumor
cells during the time in which the tumor cells are in the blood.
The present findings that NK cells can be found in developing
mÃ©tastasessuggest that NK cells may also exert inhibitory
effects on tumor growth beyond the blood-borne phase of the
metastatic process. This has previously been proposed by Wil-
trout et al. (31), who found that metastasis formation was
suppressed in mice that had been pretreated sequentially with
maleic anhydride divinyl ether and anti-asialo (iM, antiserum,
which results in an increased NK cell activity in lung and liver
but depressed circulating NK cells.

In summary, the in situ identification of NK cells in lymphoid
and nonlymphoid tissues, using 3.2.3, will be useful for further
studies on the involvement of these cells in various pathological
disease states. Moreover, the observation that NK cells appear
to selectively infiltrate developing tumor mÃ©tastasesmay pro
vide a key to understanding the role of the immune response
against tumor cell growth and spread.
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