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Abstract

Transforming growth factor , (TGFj8) is a multifunctional pro-
tein which has been suggested to phay a central role in the
pathogenesis of chronic inflammation and fibrosis. Nasal poly-
posis is a condition affecting the upper airways characterized
by the presence of chronic inflammation and varying degrees of
fibrosis. To examine the potential role of TGFBin the pathogen-
esis of this condition, we investigated gene expression and cyto-
kine production in nasal polyp tissues as well as in the normal
nasal mucosa. By Northern blot analysis using a porcine
TGFjBl cDNA probe, we detected TGFj81-specific mRNAin
nasal polyp tissues, as well as in the tissue from a patient with
allergic rhinitis, but not in the normal nasal mucosa. By the
combination of tissue section staining with chromotrope 2R
with in situ hybridization using the same TGF(#1 probe, we
found that - 50% of the eosinophils infiltrating the polyp tis-
sue express the TGF,81 gene. In addition, immunohistochemi-
cal localization of TGFjS1 was detected associated with extra-
cellular matrix as well as in cells in the stroma. These results
suggest that in nasal polyposis where eosinophils are the most
prevalent inflammatory cell, TGFB1 synthesized by these cells
may contribute to the structural abnormalities such as stromal
fibrosis and basement membrane thickening which character-
ize this disease. (J. Clin. Invest. 1992. 89:1662-1668.) Key
words: nasal polyposis * inflammation * cytokines * histochemis-
try * in situ hybridization

Introduction

Nasal polyps are grapelike structures of unknown etiology
which arise from the posterior and sphenoid sinus mucosae
and eventually occlude the nares. Nasal polyposis occurs as
frequently in patients with atopy as in the general population.
Polyp tissue is characterized by the presence of chronic inflam-
mation in which eosinophils represent the most prevalent infil-
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trating inflammatory cell (1). Additional features of nasal
polyps include varying degrees of basement membrane thick-
ening and fibrosis in the stroma (2, 3) which are similar to those
recently described in asthma (4). The mechanism underlying
these structural abnormalities is not yet known.

Transforming growth factor ,B (TGF(#)' is a 25-kD homodi-
meric or heterodimeric protein that can mediate a broad spec-
trum of biological activities (5). TGFPwas initially recognized
by its ability to transform normal rat fibroblasts in vitro (6, 7).
It has been subsequently shown that this factor is a chemoat-
tractant for fibroblasts (8), stimulates fibroblast proliferation
(9), and enhances fibroblast collagen and fibronectin synthesis
(10, 1 1), while inhibiting collagenase gene expression (12), in
vitro. Furthermore, the subcutaneous injection of TGF(B into
mice causes rapid granulation and angiogenesis at the local site
(13), and the association between TGF(3 gene expression de-
tected by in situ hybridization and either collagen gene expres-
sion or collagen accumulation in the tissue has been docu-
mented in bleomycin-induced pulmonary fibrosis (14), experi-
mental hepatic fibrosis (15), and systemic sclerosis (16). The
purpose of this study was to investigate whether nasal polyp
tissues contained cells which express the gene for TGF(# and to
detect the localization of TGF3 gene product in these tissues.

Methods

Tissues. Nasal polyp tissues were obtained from seven subjects under-
going polypectomy for nasal obstruction. In addition, four inferior tur-
binate tissues were obtained at the time of surgery for submucosal
resection; one of these patients had allergic rhinitis. Upon arrival at the
lab, tissues were rinsed three times with Ham's F12 medium. A section
of the tissue was dissected out, frozen in liquid nitrogen, and stored at
-70'C for subsequent RNAisolation. For in situ hybridization, a small
piece of tissue (20-30 mg) was fixed in 4%paraformaldehyde in 0.01 M
PBS(pH 7.4) for 15 min at room temperature followed by 70%ethanol
and embedded in paraffin. For immunohistochemistry, tissues were
fixed in periodate-lysine-paraformaldehyde (10 mMNaIO4, 75 mM
lysine, and 2% paraformaldehyde in 37.5 mMphosphate buffer pH
6.2) overnight at 4°C and then dehydrated through a sucrose gradient.
Tissues were frozen in liquid nitrogen, cut in 5-,um thick sections, and
placed onto slides which were then kept at -20°C until warmed up to
room temperature for processing immunohistochemistry.

Probe construction and labeling. Plasmid pTGFB33which contains
a porcine TGFB1 (pTGF#1) cDNA insert in the vector pCDV1 was
kindly provided by Drs. P. Kondaiah and K. Flanders (National Insti-
tutes of Health, Bethesda, MD) (17). A 640-bp SacI/Pvu17 II fragment

1. Abbreviation used in this paper: TGFjB1, transforming growth factor
,B1.
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was cut and used as pTGFfl cDNAprobe. This probe does not cross-
react with either TGF(2 or TGFf33 (Dr. K. Flanders, personal commu-
nication). For Northern hybridization, labeling of the pTGF#31 cDNA
probe was carried out by random priming using an oligo-labeling kit
(Pharmacia, Uppsala, Sweden) with [ca-32PjdCTP (New England Nu-
clear, Boston, MA). For in situ hybridization, the pTGFf I probe and a
DNA 1-kb ladder (Bethesda Research Laboratories, Gaithersburg,
MD) as negative control, were labeled using the same kit with "S-dCTP
(New England Nuclear).

RNAisolation and Northern blot analysis. Frozen tissues were ho-
mogenized in 4 Mguanidinium isothiocynate solution (1 ml/0. 1 g wet
tissue), and total RNAwas extracted from the solution by phenol-
chloroform extraction (18). 10 ,g of total RNAfrom each tissue and
from cultured human lung fibroblasts stimulated with IL- a were elec-
trophoresed through 1%agarose gels containing 6% formaldehyde and
0.5 Mg/ml of ethidium bromide, and transferred onto nitrocellulose
(Schleicher & Schuell Inc., Keene, NH) by capillary blotting. Filters
were incubated in prehybridization solution (40% formamide, 0.1%
SDS, 2X standard saline citrate (SSC) [1 XSSC= 150 mMNaCl, 15
mMtri-sodium citrate, pH 7.0], 5X Denhardt's solution [SOX Den-
hardt's solution = Ficoll 5 g, polyvinylpyrolidone 5 g, and BSA 5 g in
500 ml of H20], 1 mMsodium pyrophosphate, 10 mMTris-HC1 [pH
7.5], and 0.1 mg/ml of denatured salmon sperm DNA) at 42°C for 4-6
h followed by hybridization in the same solution containing 106 cpm/
ml of labeled pTGF-,Bl probe at 42°C for 16-18 h. After hybridization,
filters were washed four times in 2XSSCand 0. 1%SDSat room temper-
ature for 5 min, twice in 0.1XSSC and 0.1% SDSat 55°C for 30 min.
Then, Kodak x-ray film (Eastman Kodak Co., Rochester, NY) was
exposed to filters at -70°C with intensifying screens.

Poly(A)+ RNAwas purified by oligo (dT)-cellulose (Pharmacia)
chromatography from total RNA isolated from one allergic rhinitis
tissue and one nasal polyp tissues by the lithium chloride method (19),
and electrophoresed and hybridized as described above. Wecould not
isolate poly(A) 'RNA from normal nasal mucosa because normal mu-
cosa was so small that we could not get total RNAenough to isolate
poly(A) 'RNA by this method.

In situ hybridization. In situ hybridization was performed as de-
scribed by Tron et al. (20). Sections 2-3 ,m thick were cut and floated
onto 3-aminopropyl triethoxysilane coated slides. They were dewaxed
through xylene, rehydrated through an ethanol series, and pretreated
with carbol chromotrope (1.25% chromotrope 2R in 1%phenol) for 30
min at room temperature. Slides were then immersed in a freshly pre-
pared solution of 0.25% acetic anhydride in 0.1 M triethanolamine
buffer (pH 8.0) at room temperature for 10 min followed by 10 min in
0.1 Mglycine in 0.1 MTris-HCI (pH 7.4), and dehydrated through an
ethanol series. The hybridization solution contained the following: 35S-
labeled pTGFBl cDNA probe or DNA ladder (5X105 cpm/30,u1),
0.2XSSC, 50% formamide, 0.5X Denhardt's solution, 10 mMdithio-
threitol, salmon sperm DNA(1 mg/ml) and Escherichia coli tRNA (0.1
mg/ml). 30 Ml of this solution was applied to each slide, overlaid with a
cover slip, and sealed with rubber cement. After incubation in a humidi-
fied chamber at 42°C for 14-16 h the cover slips were removed and the
slides were washed at 42°C in lXSSC/50% formamide for 30 min
followed by washes in 0. 1XSSCat room temperature for 10 min. Be-
fore autoradiography, slides were immersed in carbol chromotrope for
30 min to stain eosinophils (21). For autoradiography, slides were
dipped in emulsion (Kodak NTB-2; Eastman Kodak, Rochester, NY)
diluted 1: 1 with distilled water and exposed at 4°C for 12-14 d. They
were then developed (Kodak developer; Kodak Canada, Toronto, Can-
ada), fixed (Kodak fixer; Kodak Canada) and counterstained with he-
matoxylin or hematoxylin/eosin.

Immunohistochemistry. To examine the distribution of TGFjBl
gene product in nasal polyp tissues, specific antibodies for TGF, I and
the avidin-biotin peroxidase technique were used as previously de-
scribed (22). Briefly, after blocking of endogenous peroxidase in hydro-
gen peroxide/methanol, permeabilization with hyalurodinase and
blocking with normal goat IgG, sections were incubated with a rabbit

antibody raised to a peptide corresponding to the first 30 amino acids
of mature TGF(31 (LC 1-30) which was affinity purified against
TGFO31. Then, sections were extensively washed and applied with bio-
tinylated goat anti-rabbit IgG and avidin-peroxidase complex fol-
lowed by visualization with 3,3' diaminobenzidine (Sigma Chemical
Co., St. Louis, MO) and hydrogen peroxide and counterstaining with
Mayer's hematoxylin. Controls included replacing the primary anti-
body with normal rabbit IgG at an equivalent concentration.

Results

Fig. 1 illustrates aNorthern blot probed with a porcine TGFfl1
cDNA probe. Lane 1 was loaded with total RNAextracted
from a human lung fibroblast culture stimulated with IL- I a in
vitro. A single 2.5-kb transcript was detected characteristic of
TGFf3, subtype 1 (17, 23). No signal could be detected in total
RNAextracted from normal nasal tissues (lanes 2 and 3). How-
ever, a positive signal at the 2.5-kb size was identified in total
RNAfrom nasal polyp tissue (lane 4). In addition, the same
2.5-kb signal was seen in poly A' RNAfrom a second polyp
specimen (lane S) as well as from allergic rhinitis tissue (lane 6).
Thus, we could visualize TGF#31 mRNAby Northern blot anal-
ysis in chronically inflamed tissues but not in normal nasal
tissues.

To detect the presence of TGF Il expressing cells in the
normal nasal mucosa and in nasal polyps, tissue sections were
subjected to in situ hybridization with the same TGFj I cDNA
probe used in the Northern analysis. Fig. 2 shows representa-
tive fields of nasal tissues. No positive cells could be seen with
either the cDNAprobe (Fig. 2 A) or a control DNAladder (Fig.
2 B) in the normal nasal mucosa. In contrast, numerous cells
with distinct clusters of silver grains indicating presence of

1 2 3 4 5 6
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Figure 1. Northern blot analysis of RNAfrom nasal tissues with a
porcine TGFjBl cDNAprobe. 10 gg of total RNAwas loaded to lanes
1, 2, 3, and 4, and poly A' RNAisolated from 200 fg of total RNA
was loaded in lanes 5 and 6. An equal amount of RNAin lanes 1-4
was confirmed with the assessment of 28S and 18S ribosomal RNA
stained with ethidium bromide after electrophoresis. RNAfrom cul-
tured human lung fibroblasts stimulated with interleukin- 1 a was used
as a positive control (lane 1). Lanes 2 and 3 were loaded with RNA
from normal nasal tissues. Lane 4 was loaded with RNAfrom a nasal
polyp tissue. Lanes 5 and 6 were loaded with RNAfrom another
nasal polyp and an allergic rhinitis tissue, respectively. A single 2.5-kb
size transcript, characteristic of TGFfl 1 was detected in lanes 1, 4, 5,
and 6, but not in lanes 2 and 3.
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TGF#3l mRNAtranscripts were found in nasal polyp tissues
hybridized with the TGF (31 cDNA probe (Fig. 2 C) but not
with the DNAladder (Fig. 2 D). Similar observations were
made in a nasal tissue obtained from a patient with allergic
rhinitis (data not shown). Binding of the TGF#31 probe to these
tissues was specific because pretreatment with chromotrope
2R, which has been shown to prevent nonspecific binding of
DNAto cells, specifically eosinophils (24), blocked binding of
the ladder but not of the TGF#I probe.

The distribution of TGF#1 expressing cells in nasal polyp
tissues was reminiscent of the eosinophil distribution charac-
teristic of these tissues. Therefore, it was reasonable to ask
whether the cells expressing the TGF#I gene in the polyp tis-
sues were in fact eosinophils. To this end, we performed in situ
hybridization in nasal polyp tissue sections stained, before auto-
radiography, with chromotrope 2R, a specific stain for eosino-
phils (21). As Fig. 3 shows most, if not all, positive cells for
TGF#31 mRNA, were also stained with the chromotrope 2R.
Conversely, - 50% of the cells stained with the chromotrope
2R, were positive with in situ hybridization for TGF(3l mRNA.

Since the presence of TGF#1 mRNAin cells does not neces-

sarily indicate that TGF31 protein is being released in situ, we
also stained tissue sections with antibody raised against TGF#I
peptides. This antibody reacts with active TGFO1 but not with
inactive precursor molecule. As shown in Fig. 4 A, anti-TGFfOl
minimally stained normal nasal mucosa. In contrast, strong
staining with this antibody was visualized in nasal polyp tissue
(Fig. 4 C), and slight staining was seen when these tissues were
stained with the control antibody (Fig. 4 B). In addition to
localization in cells, substantial TGF#l staining was noted in
association with extracellular matrix structures (Fig. 4 D).

Discussion

Our studies demonstrate the presence of a characteristic
TGF#1 signal by Northern blot analysis in RNAextracts from
nasal polyp and allergic rhinitis tissues but not normal nasal
mucosa. Wealso demonstrate the presence of cells expressing
the gene for TGF#1 only in inflamed tissues. Studies in which
the tissue sections were pretreated with chromotrope 2R and
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Figure 3. Autoradiogram of a section from a nasal polyp tissue. Example of sections which were pretreated with chromotrope 2R, hybridized with
the TGFj 1 cDNAprobe, and counterstained with chromotrope 2R. Note a positive hybridization signal only on positively counterstained cells
(eosinophils). (Magnification, 1,000).
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counterstained, after hybridization, with chromotrope 2R indi-
cate that the TGFf I probe bound almost exclusively to eosino-
phils. Approximately 50% of the eosinophils infiltrating the
inflamed tissues were shown to express the TGF31 gene. While
macrophages, fibroblasts, and endothelial cells have been
shown to produce TGF#I in vitro, we could not detect TGF#I
gene expression in cells other than eosinophils in the tissues we
studied. Whether this is indeed the case or, alternatively, the
level of expression of the TGF#1 gene in these cells is below the
level of detection of the technique currently used is uncertain.

Immunohistochemistry studies demonstrate that TGFf l
protein is produced in situ in nasal polyp tissues. It is interest-
ing that in addition to localization in cells, a great deal of
TGFO31 appears to be associated with the extracellular matrix.
This pattern of distribution is similar to that recently described
by Broekelmann et al. in lung tissue from patients with idio-
pathic pulmonary fibrosis, in which TGFJ3 was distinctly local-
ized in macrophages by in situ hybridization while immunohis-
tochemical studies demonstrated marked localization of the
protein in the lung matrix (25). Our findings and those of
Limper are consistent with the concepts recently described
by Nathan and Sporn regarding cytokine/matrix relation-
ships (26).

A feature of both nasal polyposis and idiopathic pulmonary
fibrosis is the presence of varying degrees of fibrosis in the
stroma as well as basement membrane thickening. It is thus
tempting to suggest that TGF3 species might be directly in-
volved in the development of these structural alterations. How-
ever, it must be emphasized that the ability of TGFf3 to stimu-
late collagen deposition may be affected by the presence of
other cytokines (27, 28). Hence, the presence of TGFf, while
probably necessary, may not be sufficient and further studies
need be carried out to fully describe the cytokine profile in
these tissues. In addition to its role in the regulation of extracel-
lular matrix proteins production, TGF3 has a broad spectrum
of inhibitory effects on lymphocytes (5), macrophages (29), neu-
trophils (30), and mast cells (31). Thus, our data pose interest-
ing questions in regard to the role of eosinophil-derived TGF#Il
in the regulation of the inflammatory response.

Production of cytokines represents a novel and important
property of eosinophils. In addition to our data on TGFO1,
Wong et al. have shown that eosinophils infiltrating colonic
malignant tissues as well as peripheral blood eosinophils from
patients with hypereosinophilic syndrome produce TGFa (32).
Wehave recently had the opportunity to examine peripheral
blood eosinophils from a patient with hypereosinophilic syn-
drome and have shown that they specifically hybridize with our
TGF3l cDNA probe but not with the DNAladder (unpub-
lished data). Furthermore, we have obtained evidence that eo-
sinophils in nasal polyp tissues also express the gene for granu-
locyte macrophage-colony-stimulating factor (33). Therefore,
the ability to release cytokines represents a new way by which
eosinophils may contribute to the regulation of inflammatory
and immunologic responses in airways tissues such as nasal
polyposis, allergic rhinitis and, by extension, asthma.
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