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Abstract

GM-CSF has been shown to be important for the survival and
function of cells of dendritic cell / Langerhans cell (LC) lineage
in vitro. Since these cells have been demonstrated to infiltrate
human lung and some lung carcinomas, we hypothesized that
the production of GM-CSF in the lung could be important in
their recruitment and differentiation. Using both immunohisto-
chemistry and in situ hybridization, we have shown that: (a)
GM-CSF was produced by normal bronchiolar epithelium, the

~only site were CD1a* LC are observed in the normal lung,
whereas neither GM-CSF production nor LC were identified in
normal alveolar epithelium. () In inflamed pulmonary tissue,
hyperplastic alveolar cells produced GM-CSF, and CD1a* LC
accumulated adjacent to these cells. (¢) Some, but not all, lung
carcinomas produced this cytokine, and a close correlation was
found between the production of GM-CSF and the number of
CD1a* LC infiltrating these tumors. Since GM-CSF was pro-
duced at all sites where CD1a* LC are known to accumulate,
but not at other locations within the lung, these data suggest
that the local production of GM-CSF by certain lung cells may
play an important role in determining the distribution and dif-
ferentiated state of dendritic cell/LC in the human lung. (J.
Clin. Invest. 1993. 91:566-576.) Key words: granulocyte mac-
rophage-colony-stimulating factor « Langerhans cells ¢ den-
dritic cells « human lung * lung cancers

Introduction

Dendritic cells (DC)! and Langerhans cells (LC) are potent
accessory cells and play an important role in initiating primary
immune responses (1-6). Both LC and DC are present in hu-
man lung (7-9) and several studies have suggested that these
cells, which are considerably better accessory cells than alveo-
lar macrophages (8, 10, 11), could be involved in the immune
defense of this organ (7, 8, 10-14). LC have been also identi-
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fied infiltrating a variety of cancers, including lung cancers
(15-18) and a potential role for DC/LC in antitumoral immu-
nity has also been suggested (19, 20).

Little is known, however, concerning the factors control-
ling the number, distribution, and functional activity of cells of
DC/LC lineage in the lung. An epithelial microenvironment
seems necessary for the presence of LC, since these cells, but
not DC, are usually found in association with epithelial cells.
LC are present in all squamous epithelia (21). In the lung, LC
form a network of cells within the normal tracheal and bron-
chial epithelium (7, 9, 22), and are also present in areas of
alveolar epithelial hyperplasia or metaplasia (9, 23) and among
some tumor cells of epithelial origin (15-18). In contrast, DC
are found in the peribronchial connective tissue and alveolar
interstitium (9).

Several arguments suggest that one factor which could con-
trol the presence and differentiation of cells of DC/LC lineage
in the lung is the GM-CSF. This cytokine, a 22-kD glycopro-
tein (24), has been shown to regulate the functional activities
of cells of DC/LC lineage in vitro (25-28), and markedly im-
proves the survival in culture of murine epidermal LC (25-27)
and human peripheral blood DC (28). Several cell types pro-
duce GM-CSF, including epithelial cells and tumor cells (29-
32). Thus GM-CSF could be produced by epithelial and/or
tumor cells in the lung and thereby influence the distribution
and differentiation of cells of DC/LC lineage.

To evaluate this hypothesis, we used immunohistochemi-
cal techniques and in situ hybridization to localize the sites
where GM-CSF was produced in normal and inflamed lung
parenchymal tissues and lung tumors. In parallel, we used
monoclonal antibodies that specifically recognize either CD1a
or CDIc molecules expressed by cells of DC/LC lineage and
immunohistochemical techniques in order to evaluate the
number, distribution, and differentiated state of DC/LC in
these samples.

Methods

Patients. Lung tissue was obtained from 14 patients at the time of
thoracotomy for localized lung pathology. Three patients had benign
tumors (two men, one woman, mean age 41+21 yr, all nonsmokers).
11 patients had localized primary lung carcinoma (10 men, | woman;
mean age 61+7 yr, 9 smokers, 2 nonsmokers). The histologic types of
cancer were: squamous cell carcinoma (n = 7), adenocarcinoma (n
= 3), undifferentiated large cell carcinoma (n = 1).

Assessment of tissues. Three types of samples were evaluated sepa-
rately: tissue containing tumor (tumoral tissue) (n = 11), lung tissue
immediately adjacent to the tumor (n = 11) (peritumoral tissue), and
lung tissue taken at a site distant from the lesion (> 10 cm or taken
from a different lobe) for which thoracotomy was performed (n = 11).
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For three patients with lung carcinoma, all smokers, tissue distant from
the tumor was not available.

For light microscopic examination, lung tissue was fixed in Bouin-
Hollande solution, processed by routine techniques, and stained with
hematoxylin and eosin. For electron microscopic evaluation (per-
formed on 8 tumors and 10 samples of lung parenchyma), tissue was
fixed in 1.7% glutaraldehyde in PBS buffer (pH 7.2) for 1 h at 4°C,
trimmed to 1-mm? fragments, reimmersed in fixative for 15 min, post-
fixed with osmium tetroxide, embedded in Epon 812, and 60-nm sec-
tions were examined using an electron microscope (EM 410; Philips,
Eindhoven, The Netherlands).

Immunohistochemical techniques. Monoclonal antibodies used
were: anti-CD1a (OKT6; Ortho Diagnostics, Raritan, NJ); anti-CD1c
(L161,[33]); Leu-12 (anti-CD19, Becton Dickinson, Mountain View,
CA); Leu-M3 (anti-CD14, Becton Dickinson); HLA-DR (anti-HLA-
DR, Becton Dickinson), and an isotype-matched control (MOPC 21;
Sigma Chemical Co., St. Louis, MO). The sheep anti-GM-CSF anti-
serum used in our study was kindly provided by Dr. Mire-Sluis from
the National Institute for Biological Standards and Control, South
Mimms, Hertfordshire, UK (reference code 89/658). It was produced
by immunization of sheep with recombinant human GM-CSF, and
was shown to neutralize biological activity of both recombinant and
native human GM-CSF in an assay based on the proliferation of GM-
CSF responsive cells. It was also demonstrated to be specific for GM-
CSF, in that it did not cross-react with a variety of other cytokines using
analogous techniques.

For immunohistochemical staining, tissue fragments were frozen
by immersion in liquid N,, lyophilized, and embedded in paraffin as
previously described (34). 4-um sections were deparaffinized and
reacted with appropriate dilutions of monoclonal antibodies, washed,
and positive cells revealed by reaction with alkaline phosphatase anti—
alkaline phosphatase antibody complexes (APAAP kit system; Dako-
patts, Glostrup, Denmark). Sections incubated with sheep anti-GM-
CSF antibody were reacted with a biotinylated secondary antibody
(Multi Link; Dakopatts) and alkaline phosphatase-conjugated strepta-
vidin (Caltag Laboratories, South San Francisco, CA). Positive cells
were revealed by reaction with the fast red substrate (Dakopatts). To
test the specificity of the immunohistochemical techniques, primary
antibodies were omitted or replaced by an isotype-matched control
antibody (MOPC 21) or normal sheep serum. In these experiments no
positive cells were identified. The intensity of anti-GM-CSF immuno-
staining was graded from O (absent) to ++ (strongly positive); com-
plete agreement was obtained between two independent observers.

Quantitation of CD1a- and CDIc-positive cells. To count positive
cells, a grid (ocular test system; Carl Zeiss, Oberkochen, Germany) was
inserted in the eyepiece of the microscope to determine the length of
bronchiolar epithelium and the surface of tissue evaluated. A length of
bronchiolar epithelium corresponding to at least 10 mm was evaluated.
In all samples, a surface of peritumoral and normal lung tissue corre-
sponding to 10 mm? was evaluated. Because the distribution of positive
cells in lung carcinoma was nonuniform, the entire surface of each
tumor tissue section was counted. Positive cells present among the
malignant cells and those present in the stroma of the tumor were
counted separately. To determine the number of CDla* and CDIc*
cells within a given biopsy, serial sections stained with the two antibod-
ies were compared. Interobserver variation was < 10%. Results are ex-
pressed as mean+SD. Statistical comparisons were made using the
Mann-Whitney test or paired Wilcoxon test.

Independent of assessment of DC/LC, histologic sections of peritu-
moral tissue and tissue distant from lesion were separated in two groups
according to the presence or absence of alveolar epithelial hyperplasia,
as defined by the increase in number of type II pneumocytes such that
they represented a large portion of the alveolar lining. Other abnormali-
ties identified in these biopsies associated with cigarette smoking (n
= 9) or occupational exposure to inorganic dust (n = 2) (e.g., mild
diffuse or focal fibrotic changes and the presence of pigment-laden
macrophages) were not considered in distinguishing tissues with and
without alveolar epithelial hyperplasia.

Hybridization histochemical techniques. The sites within human
lung tissue where mRNA for GM-CSF was being actively transcribed
were evaluated by in situ hybridization. Small pieces of tissue contain-
ing tumor, peritumoral tissue, or normal lung parenchyma (7 = 3)
were snap frozen in liquid N,. Cryostat sections (6-8 um) were cut at
—20°C, fixed with 4% paraformaldehyde, rinsed in PBS, dehydrated in
ethanol, dried with air, and stored at —80°C until use.

A cloned human GM-CSF c¢cDNA (provided by Dr. J. F. Dela-
marter, Glaxo Laboratories, Geneva, Switzerland) (35) was used to
prepare single-stranded RNA sense and antisense probes. Radiolabeled
RNA probes (sp act 1-2 X 10® dpm/ug DNA template) were prepared
using the riboprobe system (Promega Corp., Madison, WI) by tran-
scription of the linearized double-stranded DNA template using 3°S-
UTP (1,000 Ci/mmol; Amersham International, Amersham, UK) as
described by the manufacturer.

For in situ hybridization, slides were thawed and rinsed in 2X stan-
dard saline citrate buffer (SSC; 150 mM NaCl, 15 mM Na citrate, pH
= 7.0). The hybridization procedure was performed as described by
Bernaudin et al. (36) with minor modifications. Briefly, the hybridiza-
tion mixture contained the labeled RNA probe (10° dpm/slide), 50%
formamide, 10 mM DTT, 100 ug/ml salmon sperm DNA, 600 ug/ml
yeast tRNA in 2X SSC. After hybridization at 42°C overnight, the
slides were immersed in three changes of 50% formamide/2X SSC
containing 5 mM DTT at 52°C, washed in 2X SSC at 20°C, and incu-
bated in 100 ug/ml RNAse A (Sigma Chemical Co.) at 37°C for 30
min. The slides were subsequently washed, dehydrated sequentially in
ethanol, dried, and processed for autoradiography. After a 2-wk expo-
sure, the slides were developed and stained with hematoxylin and
eosin.

Hybridization to normal human skin and the human bladder
cancer cell line 5637, both of which produce GM-CSF (29, 30), were
evaluated as positive controls. The reaction of lung tissue with the
“sense” probe was used to evaluate nonspecific binding.

Results

Comparison of the distribution of DC/LC and that of cells
containing GM-CSF

Lung tissue taken at distance from lesion. In histologically nor-
mal lung tissue from nonsmokers (n = 5), or tissue displaying
abnormalities associated with tobacco consumption but with-
out alveolar epithelial hyperplasia (7 = 4), the distribution of
cells containing GM-CSF, as detected by immunohistochemi-
cal staining with anti-GM-CSF antibodies, was quite restricted.
Bronchiolar epithelial cells were uniformly positive (Fig. 1 4).
The endothelium of both blood and lymphatic vessels located
in peribronchial and subpleural connective tissue sheathes
were also frequently positive. In all cases, positive cells were
diffusely stained, suggesting an intracytoplasmic distribution
of GM-CSF. In contrast, alveolar epithelial cells, capillary endo-
thelial cells, interstitial cells, lymphocytes, and macrophages
were negative for GM-CSF. Alveolar epithelial hyperplasia was
present in only two biopsies taken at a distance from the patho-
logical lesion (both smokers). These hyperplastic alveolar epi-
thelial cells, but not the surrounding normal alveolar epithe-
lium, were positive for GM-CSF.

Cells of DC/LC lineage expressing CDla and/or CDlc
surface antigens were present in bronchiolar tissues (4.3+2.1/
mm and 3.2+1.6/mm, respectively, for CDla* and CDIc*
cells). In bronchiolar tissues, CDla* cells were almost exclu-
sively observed interspersed between bronchiolar epithelial
cells (Fig. 1 B), whereas CDIc* cells were predominant in the
peribronchiolar connective tissue (Fig. 1 C).

As previously described (9), the majority of CD1-positive
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cells in normal alveolar parenchymal tissues expressed the
CDla~/CDIc* phenotype (Table I). The number of CDla*
cells was somewhat increased in the two biopsies containing
alveolar hyperplasia, and almost all CD1a* cells were present
within the hyperplastic epithelium. Because of the small num-
ber of samples with hyperplasia, statistical comparisons could
not be made. It is noteworthy that the degree of alveolar epithe-
lial hyperplasia in these tissues taken at a distance from the
pathologic lesions was considerably less than that observed ad-
jacent to the lesions (see below). Smoking, in the absence of
alveolar hyperplasia, was not associated with an increase in the
number of CDla* cells (P > 0.2 comparing the number of
CD1la* and CDIc* cells in normal parenchyma from smokers
and nonsmokers).

Lung parenchyma adjacent to lung carcinomas. In the tis-
sue adjacent to, but not infiltrated by lung carcinomas, bron-
chiolar epithelial cells and vascular and lymphatic endothelial

cells in the bronchovascular sheath were also positive for GM-

Figure 1. Production of GM-CSF and distribution
of cells of DC/LC lineage in normal lung tissue.
(A) A positive reaction with anti-human GM-CSF
antibody was detected in bronchiolar epithelium
but not in normal alveolar parenchyma. (B)
CDla* cells were identified in the same sites and
displayed a dendritic shape in areas where bron-
chiolar epithelium was cut tangentially. (C)
CDIc* cells were predominant in the peribron-
chiolar connective tissue (CT) just beneath epi-
thelium. BL, bronchiolar lumen (x300).

Table 1. Distribution of Cells of DC/LC Lineage in Peritumoral
Lung Tissue and in Tissue Taken at a Distance
Jfrom Pathological Lesions

CD1 positive cells in lung parenchyma

Smokers/ CDla* CDIc* CD1a/CDlc
Tissue location nonsmokers  cells/mm? cells/mm? ratio
Adjacent to lung
carcinomas 9:2
Alveolar hyperplasia 3:2 14.6+11.1* 10.7+5.4 1.3£0.7*
No hyperplasia 6:0 1.1+0.8 4.0+1.7 0.3+0.2
Distant from pathologic
lesion 6:5
Alveolar hyperplasia 2:0 4.9+0.8 13.5+12.3  0.5+£0.5
No hyperplasia 4:5 2.2+1.5 10.3+8.1 0.3+0.1

* P < 0.01 compared results of samples with no hyperplasia in both locations.
Tissue distant from the pathologic lesion was not available for three patients
with carcinoma (all smokers).
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CSF. The intensity of staining at these sites was not, however,
strikingly different from that of normal lung. Similarly, no dif-
ferences in the number and distribution of DC/LC in bron-
chiolar structures were observed (CDl1a* cells: 5.3+2.6/mm,
CDIc* cells: 2.4+1.0/mm, P > 0.2 compared to number of
positive cells in tissue taken at distance from lesion).

In the samples of peritumoral lung tissue that did not con-
tain hyperplastic alveolar epithelium (n = 6), no GM-CSF pro-
duction by alveolar parenchyma was noted and the number
and distribution of cells of DC/LC lineage was not different
from that of lung tissue distant from lesion (Table I).

In contrast, hyperplastic alveolar epithelial cells in peritu-
moral tissue from five patients were strongly positive for GM-
CSF (Fig. 2 A). In these samples, large numbers of CD1a* cells
were always observed adjacent to and infiltrating areas of al-
veolar epithelial hyperplasia. Overall, the number of CDla*
cells in lung parenchyma was dramatically increased compar-
ing these specimens and either peritumoral tissue without al-
veolar hyperplasia or lung tissue taken at a distance from lesion
(Table I). This increase in the number of CDla* cells was
particularly prominent in specimens with extensive alveolar
hyperplasia (data not shown). Since the number of CDIc*
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cells was not increased in peritumoral tissue containing areas of
hyperplastic alveolar epithelium, the ratio of CD1a*/CDIc*
cells in these specimens was significantly increased compared
to both peritumoral or distant lung tissue without alveolar hy-
perplasia (Table I).

Unlike lymphocytes present in normal lung tissue, the lym-
phocytes infiltrating lung parenchyma adjacent to carcinomas
were faintly but uniformly positive for GM-CSF (Fig. 2 B).

Lung carcinomas. Reactivity of lung carcinomas with the
anti-GM-CSF antibody was extremely variable. The most in-
tensely positive reaction was noted in four poorly differentiated
squamous cell carcinomas (Fig. 3 C). The remaining tumor of
this type, however, was repeatedly negative for GM-CSF (Fig. 3
A). In differentiated squamous cell carcinomas only some tu-
mor cells were positive for GM-CSF. In particular, less well
differentiated cells, usually present at the periphery of the tu-
mor nodules, were moderately positive for GM-CSF, whereas
tumor cells which were well differentiated (e.g., those contain-
ing keratic whirls) were negative. All adenocarcinomas studied
were moderately and diffusely positive for GM-CSF (Fig. 3 B),
while the single undifferentiated large cell carcinoma was nega-
tive.

Figure 2. Production of GM-CSF in peritumoral lung tissue.
(A) Areas of hyperplastic alveolar epithelial cells were posi-
tive for GM-CSF (arrows). (B) Lymphocytes heavily infil-
trated lung parenchyma adjacent to carcinomas and were
faintly positive for GM-CSF. AM, alveolar macrophages
(X300).
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Figure 3. Correlation between the presence of CDla* cells and the production of GM-CSF by lung cancers. (4) A squamous cell carcinoma
negative for GM-CSF immunodetection although endothelial cells are reactive (arrows). (B) Adenocarcinoma showing a positive reaction of
tumor cells with anti-GM-CSF antibody graded +. (C) Squamous cell carcinoma showing a strong positive reaction of tumor cells with anti-
GM-CSF antibody graded ++. Note that vascular endothelial cells are intensively reactive (arrow). (D) The tumor negative for GM-CSF con-

tained very few CD1a* cells. ( E) Serial section of the same tissue specimen shown in (C) containing numerous CD1a* cells infiltrating the tumor
nodule. (4, B, and D, X350; C and E, X250). ‘
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The extent of infiltration of carcinomas by DC/LCwas

also extremely variable. The histologic type of the tumor per se
was not predictive of the number of CD1-positive cells present
in the specimen (P > 0.1 for all comparisons of the number of
CDla* and CDIc* cells/ mm? in tumors of different histologic
type). Strikingly, without exception, a close correlation was
observed between the number of CD1* cells present in a given
tumor and the reactivity of the tumor cells with the anti-GM-
CSF antibody. Tumors which were strongly positive for GM-
CSF were also heavily infiltrated by CDla* cells (Fig. 3 E),
whereas the poorly differentiated squamous cell carcinoma
specimen which was negative for GM-CSF contained very few
CD1a* cells (Fig. 3 D).

The distribution of DC/LC within a given carcinoma was
also closely correlated with the distribution of GM-CSF-con-
taining tumor cells. Tumors that were diffusely positive for
GM-CSF were also diffusely infiltrated by DC/LC. In the case
of differentiated squamous cell carcinomas, both the less well
differentiated tumor cells (which were positive for GM-CSF)
and DC/LC were predominant at the periphery of the tumor
nodules, whereas CD1 * cells were not observed infiltrating the
well differentiated tumor cells (which were GM-CSF nega-
tive).

In the connective tissue stroma surrounding the lung carci-
nomas, only the endothelial cells of tumor vessels were strongly
reactive with anti-GM-CSF antibodies (Fig. 3). The number of
CD1* cells in the stroma was considerably smaller than that in

the adjacent tumor (stroma: 2.6+4.3 CDla* cells/mm? and
2.242.2 CDlc* cells/mm?; among tumor cells: 26.7+23.8
CDla* cells/mm? and 13.0+9.4 CDIc* cells/mm?; P < 0.01
for both comparisons).

Further characterization of DC/LC in lung carcinomas
Essentially all CD1a* and CDIc" cells infiltrating lung carci-
nomas had a characteristic dendritic shape, and long cytoplas-
mic processes extending between the neoplastic cells were fre-
quently observed (Fig. 4). These cells were CD14~, CD19°,
and HLA-DR* (not shown). In all tumors, the number of
cells/mm? expressing CD1a was greater than that expressing
CDIc, indicating that cells with the CD1a*/CDI1c~ phenotype
typical of pulmonary LC were present. Both the absolute num-
ber and relative proportion of CDla*/CDIlc™ cells were
greater in tumors which were strongly positive for GM-CSF
(Fig. 5).

Electron microscopic evaluation confirmed the presence of
typical LC containing Birbeck granules among malignant cells
in specimens heavily infiltrated by CD1a™* cells (Fig. 6). In
these tumors, LC were closely associated with the malignant
cells. In regions of contact between the LC and tumor cells,
localized areas of increased density of the adjoining cell mem-
branes were observed, and electron dense material filled the
intercellular space (Fig. 6, inset). In tumor specimens contain-
ing few CDla* cells, cells with a dendritic shape were rarely
observed and cells containing Birbeck granules were not found.

Figure 4. Cells of DC/LC lineage infiltrating a squamous cell carcinoma. (4) Numerous CDla* cells within a tumor nodule. Positive cells appear
dendritic in shape and interspersed among malignant cells (X 125). (B) Another section of the same tumor nodule showing infiltration by CDlIc*

cells (X125).
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Figure 5. Correlation between the numbers of cells of DC/LC lineage
infiltrating lung carcinomas and the intensity of immunostaining with
anti-human GM-CSF graded from (—) to (++). CDl1a* cells (§)
were constantly more numerous than CD1c* cells (m). A close corre-
lation was observed between the intensity of immunostaining with
anti-GM-CSF antibody and the number of intratumoral CD1a™ cells.

Typical LC containing Birbeck granules were also observed in
regions of alveolar epithelial hyperplasia in parenchyma adja-
cent to tumors (not shown).

Detection of GM-CSF mRNA by in situ hybridization

To confirm that the cells stained with anti-GM-CSF antibody
were capable of synthesizing this cytokine, we evaluated the
expression of mRNA for GM-CSF by in situ hybridization.
Analysis of autoradiograms of three specimens of normal and
inflamed lung tissue constantly demonstrated easily detectable
expression of GM-CSF mRNA transcripts by bronchiolar epi-
thelial cells and hyperplastic alveolar epithelial cells (Fig. 7).
Positive cells exhibited 15-50 silver grains over and adjacent to
their nuclei. In contrast, normal alveolar epithelium and the
parenchymal cells of the alveolar interstitium and peribron-
chiolar tissue were negative. Some intraalveolar macrophages,
but not interstitial macrophages, and endothelial cells also
showed evidence of GM-CSF expression. Incubation of the
samples with the labeled sense RNA probe showed little or no’
hybridization (0-5 grains/cell).

Analysis of autoradiograms of three squamous cell carci-
nomas, all of which were positive with the anti-GM-CSF anti-
body, demonstrated that almost all tumor cells hybridized with

Figure 6. Squamous cell carcinoma. Electron micrograph showing a Langerhans cell (LC) in close association with malignant cells (MC). Bar
= 1 um. (Inset) Detail of the framed region of LC showing typical Birbeck granules (arrows) and a differentiated contact with the surrounding

malignant cell (arrowhead). Bar = 0.1 um.
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the labeled antisense RNA-GM-CSF probe. The silver grains
were diffusely distributed over positive cells, some of them ex-
pressing large amounts of GM-CSF mRNA transcripts (Fig.
8). Quantitative evaluation of the samples demonstrated that
> 75% of malignant cells showed strong deposition of silver
grains (25-85 grains/cell). In contrast to the antisense RNA
probe, the labeled sense RNA-GM-CSF probe showed little or
no hybridization to malignant cells (0-5 grains/cell).

Discussion

This study, performed using combined immunohistochemical
and in situ hybridization techniques demonstrates that: (a)
GM-CSF is produced by normal bronchiolar epithelium, the
only site where CD1a™* LC are observed in the normal lung; (b)

Figure 7. Evaluation by in situ hybridization of
GM-CSF mRNA expression in human lung
parenchymal tissue. (4 and B) High power
views of two bronchioles of different size
showing silver grains deposits above epithelial
cells only. BL, bronchiolar lumen; CS, con-
nective tissue sheath (X1,000). (C) High
power view of an alveolar wall (4 W) showing
positive hyperplastic epithelial cells. A4S, alveo-
lar space (X1,250).

in inflamed pulmonary tissue, hyperplastic alveolar epithelial
cells and, to a lesser degree, lymphocytes also produce GM-
CSF, and CD1a" cells accumulate adjacent to these cell types;
(c) some, but not all, lung carcinomas produce GM-CSF, and a
close correlation exists between the production of GM-CSF
and the number of CD1a* LC infiltrating these tumors. Taken
together, these data suggest that the local production of GM-
CSF by certain lung cells may play an important role in deter-
mining the distribution and differentiated state of DC/LC in
the human lung.

GM-CSF and cells of DC/LC lineage in human lung. The
production of GM-CSF in normal lung parenchymal tissue was
restricted to relatively few cell types. Only bronchiolar epithe-
lial cells and the endothelial cells of larger vessels and lym-
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phatics were demonstrated to produce mRNA for this cytokine
and accumulate the protein product. GM-CSF production by
other cell types, including normal alveolar epithelial cells,
could not be detected, although hyperplastic alveolar epithelial
cells did produce easily detectable amounts of GM-CSF. These
findings are compatible with previous studies in other tissues
demonstrating the production of this cytokine by cells of both
epithelial (29) and endothelial (37, 38) origin. The production
of GM-CSF by murine tracheal epithelium has also recently
been reported (32).

We have previously shown that CDla~/CDIic* DC are
present both in the bronchiolar submucosa and alveolar paren-
chyma of the normal lung, whereas CD1a* LC are found prefer-
entially within the bronchiolar epithelium (9). We suggest that
the production of GM-CSF by endothelial cells could promote
the recruitment of circulating DC into the lung parenchyma.
Once present in the lung, these cells can remain within the
connective tissue framework, and in the absence of continued
exposure to GM-CSF, these cells display the CD1a~/CDl1c*
phenotype characteristic of pulmonary DC. Alternatively, the
production of GM-CSF by normal bronchiolar epithelial cells
results in the chemotaxis of DC in the proximity toward the
epithelium and promotes their differentiation into CDla*/
CDIc* “indeterminate” cells or CDla*/CDlc™ LC. In the
skin, an analogous differentiation of CD1a~/CDI1c* DC into
CDla*/CDIc* indeterminate cells and ultimately into
CDla*/CDlc™ LC has been described, associated with the mi-
gration of these cells from the dermis into the epidermis (39).
It is noteworthy that production of GM-CSF by keratinocytes
present in the spinous layer (the site of accumulation of LC)
has also been reported (29). Further support for GM-CSF-in-
duced recruitment and differentiation of LC comes from the
recent observation that the intradermal injection of GM-CSF
in patients with leprosy results in a selective accumulation of
CD1la* LC in the dermis, thought to result from the recruit-
ment and differentiation of precursor DC arriving from the
blood (40). The cultivation of LC in vitro in the presence of
GM-CSF, however, causes these cells to loose Birbeck granules.
Thus, other factors present in the epithelial environment or

Figure 8. Squamous cell carcinoma. Evalua-
tion by in situ hybridization of GM-CSF
mRNA expression by malignant cells. Al-
most all tumor cells appear positive, some of
them containing large amounts of GM-CSF
mRNA transcripts. A polymorphonuclear
neutrophil (arrow) is not labeled (X1,000).

interactions with epithelial cells may also be required to pro-
mote differentiation of DC into LC.

In any event, the exposure of epithelial LC to GM-CSF may
have important effects on the function of these cells, since ex-
posure of LC to GM-CSF in vitro prolongs their survival, strik-
ingly reduces their capacity to process antigens, but increases
their capacity to stimulate lymphocyte proliferation if stimuli
that do not require processing ( peptides, mitogens, alloMHC)
are present (6, 25-28). In this regard, previous studies have
demonstrated that LC/DC isolated from the lung of humans
and several animal species are potent accessory cells (7, 8, 10—
14), and differences in the functional activity of cells present in
airways and within the lung interstitium have recently been
described (41).

We previously reported that the number of CD1a* LC was
increased in the lung parenchyma from smokers (9). The pres-
ent study offers further insights in these results. Smoking per se
is not the cause of this increase since no difference was noted in
the number of CD1a* cells present within normal alveolar pa-
renchyma comparing the smoking and non smoking patients
studied here. In contrast, increased numbers of CDla* LC
were always present at sites of alveolar epithelial hyperplasia.
Cigarette smoking is known to be a common cause of alveolar
epithelial hyperplasia, and hyperplasia was observed in most of
the biopsies from smokers evaluated in our prior study (9).
These results suggest that an increase in LC associated with
smoking is dependent upon the development of smoking-in-
duced epithelial hyperplasia. The production of GM-CSF by
hyperplastic alveolar epithelium but not by normal alveolar
epithelium offers a ready explanation for the presence of in-
creased numbers of pulmonary CDl1a* LC in these cases.

GM-CSF and cells of DC/LC lineage in lung cancer. Sev-
eral previous studies have shown that cells of DC/LC lineage
accumulate in some but not all cancers (15-18), a finding
confirmed here. Although infiltration by DC/LC has been
found to occur more frequently in certain histologic types (e.g.,
bronchoalveolar carcinomas and papillary adenocarcinomas)
than in others (e.g., large cell), no strict association between
histologic type and DC/LC infiltration has been found (15-
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18). Our study demonstrates that the capacity of tumor cells to
produce GM-CSF and the amount of this factor produced have
an important bearing on the infiltration of the tumor by DC/
LC, thereby explaining the variable degree of infiltration in
different tumors. Tumors which were strongly positive for
GM-CSF were highly infiltrated, whereas tumors which did not
produce GM-CSF were not. Furthermore, tumors producing
large amounts of GM-CSF appeared to contain a greater pro-
portion of CDla*/CDIlc~ LC, and the presence of LC with
typical Birbeck granules was confirmed by electron micros-
copy. Thus, the level of GM-CSF production may influence
not only the number but also the state of differentiation of
DC/LC present. Finally, our study indicates that although his-
tologic type per se does not determine whether or not a tumor
will be infiltrated by DC/LC, the state of differentiation of the
tumor cells can modulate GM-CSF production, and thereby
influence DC/LC infiltration. In particular, poorly differen-
tiated squamous cell carcinomas, and undifferentiated cells in
otherwise well differentiated squamous cell carcinomas, were
frequently found to be positive for GM-CSF, whereas tumor
cells with more differentiated features were GM-CSF negative.

Studies in animal models have demonstrated that cells of
DC/LC lineage can process and present tumor antigens to T
lymphocytes (19, 20). Furthermore, the administration of tu-
mor antigen—-pulsed DC/LC in vivo can induce protective an-
titumoral immunity (19). The role of LC in initiating immune
responses against lung cancers, however, has not been ad-
dressed here and merits further study.

In summary, this study has demonstrated that GM-CSF is
produced at all sites in the human lung where CDla* LC are
known to accumulate: bronchiolar epithelia, hyperplastic al-
veolar epithelia, and certain lung carcinomas. In the context of
studies performed in vitro demonstrating effects of GM-CSF
on survival and function of LC, these findings suggest that this
cytokine may have an important influence on the distribution
and differentiation of DC/LC in the lung, and is likely to mod-
ify the functional capacities of these important accessory cells.
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