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Abstract The chemokines are members of a bipartite
superfamily of soluble proteins that have been implicated
in a wide range of acute and chronic inflammatory pro-
cesses, as well as other immunoregulatory functions.
Macrophage inflammatory protein-1 alpha (MIP-1o) be-
longs to the C-C subfamily of these chemokines and is
primarily a potent chemoattractant and activator of
monocytes. MIP-1¢ is also thought to play a role in host
defence. We examined the expression of MIP-1a. in nor-
mal lung, inflammatory lung tissue and lung cancer cells
by the immunoperoxidase method using a MIP-1a
monoclonal antibody. MIP-1a protein was found to be
expressed not only by alveolar macrophages, but also by
bronchial ciliated cells, hyperplastic alveolar type II cells
and activated fibroblasts surrounding malignant tissue.
Of 33 cases of lung cancer, 23 (70%) expressed MIP-1q.
These observations suggest that lung cancer cells, non-
neoplastic alveolar type II cells and fibroblasts can par-
ticipate in inflammatory cell recruitment via the produc-
tion of MIP-1¢. Tumour derived MIP-o may also affect
the interaction between lung cancer and host inflamma-
tory cells.
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Introduction

Macrophage inflammatory protein-1 (MIP-1) was origi-
nally described as an endotoxin-induced macrophage
product with both neutrophil chemoattractant and acti-
vating properties [25]. Based on amino acid sequence
similarities, MIP-1 has been placed into a group of pro-
inflammatory cytokines, designated the chemokine fami-
ly [14]. The family has been further divided into the C-C
and C-X-C families depending upon whether the first
two conserved cysteine amino acid residues are in juxta-
position (C-C) or separated by one amino acid (C-X-C).
The C-X-C chemokines include interleukin-8 (IL-8),
platelet factor 4, and B-thromboglobulin whereas the C-
C chemokines include MIP-1, monocyte chemoattractant
protein-1 (MCP-1) and RANTES (regulated upon activa-
tion, normal T cell expressed and secreted) [14]. MIP-1
was originally shown to activate polymorphonuclear leu-
kocytes both in vivo and in vitro [24, 25], but recent
studies using purified MIP-1 have suggested that the
chemotactic target cells are actually T cells and macro-
phages rather than neutrophils [13]. MIP-1 consists of
two peptides, MIP-1ot and MIP-1f. MIP-1c and MIP-153
perform similar functions that include the induction of
inflammatory infiltrates, but have disparate immunologi-
cal effects. For example, MIP-10t inhibits haematopoietic
stem cell growth, whereas MIP-10 counteracts the ability
of MIP-10. to suppress stem cell growth. Of these two
proteins, MIP-1o exerts greater pro-inflammatory effects
than MIP-1J [21].

Recently, it has been shown that alveolar type II cells
and cancer cell lines are capable of producing cytokines
that include MCP-1 [9, 20] and IL-8 [10, 19]. MIP-1¢
has also been found in alveolar macrophages [1] and fi-
broblasts in interstitial lung disease [5], but has not been
identified in neoplastic lung tissue. In the present study,
we describe the distribution of MIP-1o protein in neo-
plastic and non-neoplastic lung tissue using a monoclo-
nal antibody directed against MIP-1¢ that is effective in
formalin-fixed, paraffin-embedded specimens.
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Materials and methods

Surgically resected lung specimens from 33 patients with broncho-
genic carcinoma treated at Shiga University of Medical Science in
1993 were studied. For each case, neoplastic tissue and corre-
sponding non-neoplastic lung tissue in close proximity to the tu-
mour were analyzed. Histologically normal lung tissue was also
examined and compared with both neoplastic and inflamed lung
tissue. No patient had received radiotherapy or chemotherapy prior
to surgery.

Representative tissue specimens were fixed in 10% formalin,
embedded in paraffin, routinely processed for histopathological ex-
amination, and stained with haematoxylin and eosin. Immunoper-
oxidase staining was also performed on paraffin-embedded tissue
sections. Primary antibodies used in this study were anti-MIP-1o
antibody (lambda 78 delta) developed by one of us, recognizing an
antigen epitope stable to formalin fixation [2], anti-surfactant pro-
tein A antibody (SP-A) (PE 10, DAKO Japan, Kyoto, Japan) [11]
and anti-alpha smooth muscle actin (1A4, Sigma, Mo., USA) [17].
Sections (5 pm) thick were deparaffinized and endogenous peroxi-
dase activity was blocked using 0.3% hydrogen peroxidase in
methanol. Sections were then incubated with the primary monoclo-
nal antibodies at room temperature, followed by incubation with bi-
otin-labelled secondary antibody. Finally, sections were subjected
to peroxidase conjugated with streptavidin using a commercially
available kit (Universal quick stain kit, DAKO). Peroxidase activity
was detected using the chromogen diaminobenzidine (DAKO). Nu-
clei were counterstained with methyl green. Prior to MIP-1o im-
munostaining, sections were treated with 0.1% trypsin in 0.2% cal-
cium chloride for 15 min at 37° following deparaffinization. Gan-
glion cells and smooth muscle cells within small intestinal walls
were used as positive controls for MIP-10. and smooth muscle actin
immunostains. For SP-A immunostaining, alveolar type II pneumo-
cytes found in non-neoplastic lung tissue was used as an internal
positive control. Negative controls were performed by substituting
the primary antibody with phosphate buffered saline.

For non-neoplastic lung tissue, the staining intensity was rated
as strongly positive (S), weakly positive (W) or negative (N). The
staining of malignant cells was scored as follows: staining of the
majority (>70%) of tumour cells (+++); staining of 30-70% of tu-
mour cells (++); staining in fewer than 30% of tumour cells (+).

Results

These results of immunohistochemical studies of non-
neoplastic tissue are summarized in Table 1. Expression
of MIP-1¢ in normal lung tissue was different from that
found in inflamed lung tissue. In normal tissue, immuno-
reactivity to MIP-1at was confined to the bronchial epi-
thelial layer. Significant staining of the alveoli was not
observed in either the epithelial or stromal components
(Fig. 1). SP-A was weakly expressed by type I lining
cells. In the inflamed areas, macrophages exhibited
strong MIP-1a immunoreactivity, although lymphocytes
and other lung components did not significantly express
MIP-1a. In addition, activated fibroblasts were strongly
stained by MIP-1a antibody, while non-activated fibro-
blasts were not stained. Activated fibroblasts are larger
than non-activated fibroblasts and have myofibroblastic
features demonstrated by anti-a-smooth muscle actin
immunostains. Hyperplastic alveolar type II cells were
found in alveoli and were stained by MIP-1a (Fig. 2a)
concomitant with an increase in SP-A immunostaining
(Fig. 2b). However, the immunoreactivity in bronchial
epithelium was not modified significantly.
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Fig. 1 Immunohistochemical study of normal lung tissue for mac-
rophage inflammatory protein-1 alpha (MIP-1a). Positive staining
was found in bronchial epithelial cells and a few alveolar macro-
phages. (Bar=100 pm, original magnification x50)

Table 1 Immunohistochemical analysis of normal and inflamed
lung tissue (MIP-lo macrophage inflammatory protein-1 alpha,
SP-A surfactant protein A, S strongly reactive, W weakly reactive,
N non-reactive)

Tissue type Antibody

MIP-1c SP-A

Normal lung tissue
Bronchi and bronchioles
Ciliated cells
Basal cells
Alveoli
Type I cells
Type Il cells
Fibroblasts
Macrophages
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Inflamed lung tissue
Bronchi and bronchioles
Ciliated cells
Basal cells
Alveoli hyperplastic type II cells
Activated fibroblasts
Macrophages
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Patient characteristic, tumour histology and differenti-
ation, pathological stage (TNM) and imunhistochemical
findings are summarized in Table 2. Twenty-two tumours
were adenocarcinomas (Fig. 3), 8 were squamous cell
carcinomas (Fig. 4) and 3 were small cell carcinomas.
Twenty-three (70%) of the malignant tumours expressed
MIP-10; 19 (86%) adenocarcinomas, 4 (50%) squamous
cell carcinomas. However, the 3 small cell carcinomas
did not express MIP-1c. In adenocarcinomas, essentially
all of the tumour cells were strongly reactive (+4++),
whereas in squamous cell carcinoma only a portion of
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Fig. 2a, b Immunohistochemical study of inflamed lung tissue.
Expression of MIP-1a (a) and surfactant protein-A (b) was found
in hyperplastic alveolar type II cells. (Bar=40 pum, original magni-
fication x62.5)

Fig. 3 Strong immunoreactivity for MIP-1o in adenocarcinoma.
(Bar=100 um, original magnification x50)

Fig. 4 Positive staining for MIP-10. was found in squamous cell
carcinoma and interstitial cells such as macrophages and activated
fibroblasts (Bar=100 pm, original magnification x50)

the malignant cells were reactive (+). Interstitial macro-
phages and fibroblasts found in the interstitium of neo-
plastic tissue were MIP-1o immunoreactive (Fig. 4). The
degree of macrophage accumulation and interstitial fi-
brosis was not significantly related to MIP-1a expres-
sion by neoplastic cells. SP-A-reactive cells were found
in 8 (36%) of the adenocarcinomas, but in none of the
squamous cell or small cell carcinomas. There was no
significant correlation between the distribution of stain-
ing and staining intensity of MIP-1o and SP-A.

Discussion

In the lung tissue, bronchial epithelium, type II alveolar
pneumocytes and fibroblasts have been demonstrated to
synthesize several chemokines such as MCP-1 [6, 20,
26] and IL-8 [5, 12, 16, 19, 22, 23]. MIP-1w is also ex-
pressed by murine bronchial epithelial cells [18]. We
also demonstrated MIP-1a expression in human bronchi-
al epithelial cells including ciliated cells and basal cells
by immunohistochemical analysis.

In inflammatory conditions, fibroblasts immuno-
stained intensively for MIP-1¢, concomitant with their
activation. This finding is consistent with previous stud-
ies of inflammatory conditions such as sarcoidosis and
fibrosing lung diseases [21]. Activated fibroblasts are
larger than non-activated fibroblasts, and are also charac-
terized by increased proliferative activity and collagen
synthesis [4, 15]. It is often difficult to identify individu-
al activated fibroblasts on routine light microscopy.
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Table 2 Immunohistochemical analysis of lung cancer cells (Ad
adenocarcinoma, Sg squamous cell carcinoma, Sm small cell carci-
noma, Mod moderate)

Age/sex Histology Differentiation Stage MIP-1¢c SP-A
(ptNM)
72/M Ad Poorly 100 +++ -
74/M Ad Well 100 +++ +++
66/M Ad Well 100 +++ -
46/M Ad Well 100 +++ ++
57TM Ad Well 100 +4+ ++
64/F Ad Well 100 ++ -
65/M Ad Well 200 +++ ++
T71/M Ad Mod 200 +++ -
TIM Ad Well 200 +++ -
58/'M Ad Mod 110 ++ -
71/M Ad Well 220 +++ ++
55M Ad Poorly 220 +++ -
45/M Ad Poorly 300 + -
68/M Ad Mod 310 ++ -
63/M Ad Mod 400 - -
54/M Ad Mod 400 +++ -
61/F Ad Well 410 +++ -
60/F Ad Well 420 +++ +
54/F Ad Mod 420 +++ -
67/F Ad Mod 420 +++ 4+
58/M Ad Mod 420 - -
72/M Ad Poorly 430 - ++
71/M Sq Well 200 - -
69/M Sq Mod 200 - -
71/M Sq Mod 200 + -
72/M Sq Well 200 + -
66/F Sq Well 210 - -
52/M Sq Mod 210 + -
67/M Sq Mod 220 + -
30/M Sq Poorly 321 - -
78/M Sm 100 - -
45/M Sm 400 - -

However, we were able to identify these activated fibro-
blasts by their smooth muscle actin expression which is
consistent with their myofibroblastic phenotype [27].

MIP-1¢ expression has not been previously described
in alveolar cells. However, our immunochistochemical
studies revealed intense MIP-1¢ immunoreactivity in hy-
perplastic alveolar type II cells concomitant with an in-
crease in SP-A immunoreactivity in these cells. Both hy-
perplastic alveolar type II cells and activated fibroblasts
were distributed in areas of interstitial fibrosis or persis-
tent inflammatory changes. Therefore, the environmental
factors that affect hyperplastic alveolar type II cells and
activated fibroblasts appear to be similar. In addition, en-
vironmental stimuli may upregulate the synthesis of
MIP-10. by these two types of cells. Since MIP-1o syn-
thesis by activated fibroblasts is upregulated by cyto-
kines such as IL-1, interferon-gamma, and IL-10 [1], cy-
tokine stimulation may also play an important role in
MIP-10 expression by activated fibroblasts and alveolar
type II cells in fibrosing or persistent inflammatory le-
sions.

Several cytokines such as IL-8 [3, 10] and IL-6 [8]
are secreted by lung carcinoma cells, but the synthesis of
MIP-1o by malignant cells has not been previously de-
scribed. Using immunohistochemical techniques, we

demonstrated frequent MIP-1a expression in adenocarci-
noma and squamous cell carcinoma, but not in small cell
carcinoma. The ratio of reactive cells in individual tu-
mours was much higher in adenocarcinomas than in
squamous cell carcinomas, and intensity of immuno-
staining was also stronger. The synthesis of this chemo-
kine therefore appears to be most active in adenocarcino-
mas. As previously described, the distribution of MIP-1a
in adenocarcinomas dose not correlate with either the
histological differentiation of the tumour or the distribu-
tion of SP-A immunoreactivity. Since this chemokine
regulates monohistiocytic migration, it may also be in-
volved in the inflammatory reaction found within malig-
nant tissue. However, MIP-1 is not the only chemokine
secreted by carcinomas. The understanding of the exact
role of this chemokine in carcinomas will require corre-
lation between other cytokines derived from malignant
cells and from benign mesenchymal components within
the neoplasm.

Our findings suggest that activated alveolar type II
cells and fibroblasts can participate in inflammatory cell
recruitment via the production of MIP-1c¢.. Additionally,
tumour derived MIP-1or may affect the interactions be-
tween lung cancer and host inflammatory cells.
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