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Background: To better understand the mechanisms of eosinophil recruitment into the upper 
airways, we examined human nasal polyps for the expression of  the chemotactic cytokine 
RANTES and the endothelial adhesion molecules E-selectin and vascular cell adhesion 
molecule-I (VCAM-1). 
Methods: Routine histologic examination and immunostaining with antibodies to RANTES, 
E-select/n, and VCAM-1 were performed on three types of tissues: nasal polyps, sinus mucosa, 
or turbinates f i rm patients undergoing other elective procedures (S/T), and nasal biopsy 
specimens from nonallergic volunteers (NA). To further quantify the expression of endothelial 
adhesion molecules, some tissue samples were homogenized, and the resulting supernatants 
were assayed with sandwich ELISAs for VCAM-1 and E-selectin. 
Results: Polyp eosinophil counts ranged from I9/mm 2 to 1818/mm 2 (763 + 120/mm 2, 
mean ± SEM) and were significantly higher than those found in the control tissues (5 ± 2 in 
S/T samples and 20 + 9 in NA samples, p < 0.002), Immunochemical staining for RANTES 
was observed in 11 of 14 polyps; intense staining for RANTES (grade 3) was observed in six 
of 14 polyps. None of  nine S/T samples or five NA samples demonstrated grade 3 staining. 
Staining with anti-RANTES was largely localized to ailway and glandular epithelium. There 
was no significant correlation between counts of eosinophils or the combined total of  
eosinophils plus mononuclear cells and the intensity of epithelial RANTES staining in all 
nasal tissues. Staining for VCAM-1, as well as for E-select/n, was detected in 11 of 14 polyps 
and eight of 13 control tissues. VCAM-1 detected by ELISA in polyp tissues (6:8 + 1.3 txg/ 
gm) was higher than that found in six S/T samples (1.2 ± 0.3 Ixg/gm, p < 0.005) and in two 
NA samples (1.8 ± 0.02 t~g/gm, p = 0.08). E-selectin values in polyps (1.4 +_ 0.3 txg/gm) 
were not statistically different from those detected in six S/T samples (0.5 +- 0.2 Ixg/gm) or 
two NA samples (I.6 +_ 0.4 txg/gm). Counts of eosinophils and eosinophils plus mononuctear 
cells displayed a strong correlation with VCAM-1 ELISA values (p < 0.005 and p < 0.004, 
respectively) but not with VCAM-1 staining. VCAM-I staining correlated with EG2-positive 
eosinophils in nasal polyp tissues (p < 0.01). E-selectin staining did not correlate with either 
neutrophil or eosinophil counts. 
Conclusions: These studies demonstrate that the chemokdne RANTES is produced in vivo 
and is localized predominantly to nasal epithelium. Endothelial activation, as indicated by 
adhesion molecule expression, occurs in human nasal polyp tissues and in control tissues, 
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possibly reflecting the continued antigen exposure of the nasal mucosa. The con'elations found 
in this study suggest that expression of VCAM-1 plays a tvle in the selective recruitment of 
eosinophils and mononuclear cells into nasal polyp tissues and that RANTES may be more 
important in localizing eosinophiIs to the epithelium. (J Allergy Clin Immunol 1996;98.'766-80.) 

Key words: Chemotactic factors, RANTES, VCAM-1, E-selectin, eosinophil, nasal polyps, 
endothelial adhesion molecules, eosinophils, epithelium 

Eosinophils are now recognized to be important 
effector cells in allergic diseases, a-4 Although the 
mechanisms by which eosinophils are selectively 
recruited to sites of inflammation are not yet 
known, it has been hypothesized that these mech- 
anisms involve the expression of the endothelial 
adhesion molecule, vascular cell adhesion mole- 
cule-1 (VCAM-1), which promotes the adhesion of 
eosinophils, lymphocytes, monocytes, and ba- 
sophils, but not neutrophils, to the vascular endo- 
thelium. This selectivity is conferred by the coun- 
terligand for VCAM-1, very late activation 
antigen-4, which is present on all circulating leu- 
kocytes except neutrophils. 5-9 Little is known about 
the role of endothelial activation in the cellular 
recruitment seen in nasal polyposis, a disease 
characterized by outgrowths of unknown causes, 
arising from the mucosa of the upper airways and 
paranasal sinuses and characterized by an infiltrate 
rich in eosinophils and lymphocytes. The expres- 
sion of VCAM-1 is selectively induced by the 
cytokines IL-4 and IL-13. 911 Recently, IL-4 has 
been found in nasal polyp (NP) tissue and in the 
nasal mucosa of allergic subjects after allergen 
challenge, and IL-4 immunoreactivity has been 
found in mast cells from patients with perennial 
rhinitis. 1214 Because VCAM-1 is thought to pro- 
mote the selective recruitment of eosinophils and 
lymphocytes, we speculated that polyp tissues may 
express more VCAM-1 than control tissues. 6-8, t5 
In contrast, E-selectin, another endothelial adhe- 
sion molecule confers some relative specificity for 
neutrophils, because neutrophils bear more of the 
counterligands for E-selectin (sialyl Lewis X or 
sialyl dimeric Lewis X antigens) on their cell 
surface than eosinophils. 16 In a primate model of 
extrinsic asthma, antibodies to E-selectin blocked 
the early recruitment of neutrophils but not eosin- 
ophils after a single allergen challenge. 17 There- 
fore we speculated that nasal polyposis, a condi- 
tion characterized by a paucity of neutrophils, 
would not express more E-selectin than control 
tissues. 

The development of tissue eosinophilia is also 
probably dependent on the presence of selective 

Abbreviations used 
dPBS: Dulbecco's phosphate-buffered sa- 

line (pH 7.3) with calcium and mag- 
nesium 

GM-CSF: Granulocyte-macrophage-colow- 
stimulating factor 

NA: Nonallergic 
NP: Nasal polyp 
S/T: Sinus and turbinate 

VCAM-I: Vascular cell adhesion molecule-1 
vWF: von Willebrand factor 

priming cytokines such as IL-3, IL-5, and granulo- 
cyte-macrophage colony-stimulating factor (GM- 
CSF) and chemoattractants such as RANTES, 
macrophage inflammatory protein-lc~, and mono- 
cyte chemoattractant protein-3. 4, 18-23 Unlike pre- 
viously described chemoattractants (such as plate- 
let activating factor, leukotriene B4, C5a, IL-3, and 
GM-CSF), RANTES is a potent chemoattractant 
for eosinophils and T lymphocytes, but not for 
neutrophils, in vitro. 18, 21.24, 25 This finding was 
recently confirmed in vivo by a study demonstrat- 
ing that recombinant human RANTES injected 
intradermally in dogs resulted in an eosinophil- 
and mononuclear-rich infiltrate with the conspicu- 
ous absence of neutrophils. 26 Preliminary studies 
in our laboratories suggest that a similar pattern of 
eosinophil infiltration occurs after cutaneous injec- 
tion of RANTES in human volunteers. 27 Little is 
known about the role of RANTES in human 
allergic diseases. Because RANTES recruits the 
pattern of cells seen in vivo in allergic inflamma- 
tion (e.g., eosinophils and mononuclear cells), we 
hypothesized that it was produced by polyp tissues. 

To elucidate the role of the chemokine 
RANTES, as well as endothelial activation (ex- 
pression of E-selectin and VCAM-1), in the for- 
mation of the eosinophil- and mononuclear cell- 
rich infiltrate characteristic of NPs, we have used 
immunohistochemical techniques to determine 
whether these proteins could be detected in NPs. 
We quantified the cellular infiltrate (neutrophils, 
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eosinophi ls ,  and  m o n o n u c l e a r  cells) in G iemsa -  
s ta ined  tissue sections. To fur ther  analyze the  
extent  o f  adhes ion  molecu le  express ion,  we pre-  

p a r e d  tissue h o m o g e n a t e s  and m e a s u r e d  levels of  

soluble  E-se lec t in  and V C A M - 1  by using sensit ive 
and specific sandwich ELISAs .  W e  d e m o n s t r a t e d  

the  p resence  of  immunoreac t ive  R A N T E S  on the 
nasal  ep i the l ium and glands  of  t issues f rom pa-  
t ients  undergo ing  elective surgery  for  t r e a t m e n t  of  
nasal  polyposis .  W e  also obse rved  a co r re la t ion  
be tween  increased  express ion o f  V C A M - 1  and 

eos inoph i l /mononuc l ea r  cell  counts,  suggest ing 
that  this endo the l i a l  adhes ion  molecu le  plays a 
cri t ical  role  in the  selective r ec ru i tmen t  of  these  

cells into NP tissues. 

METHODS 
Patients 

NP tissue was obtained during elective poIypectomy in 
17 patients with symptoms (7 men and 10 women) 
between the ages of 33 and 83 years (mean age, 51 
years). None of the patients were known to have cystic 
fibrosis, immunodeficiency, or any other major illness. In 
three of the 17 cases only archival specimens were 
available, and therefore only immunohistochemical 
studies were performed. All but two subjects were using 
glucocorticoids before polypectomy (intranasal and/or 
systemic steroids). A chart review identified eight sub- 
jects as allergic, (on the basis of positive skin test 
reactivity), two as nonallergic (on the basis of a lack of 
skin test reactivity to a battery of common aeroaller- 
gens), and seven as unclassified because of the absence 
of skin testing. Four of the 17 were known to be 
aspirin-sensitive. Other tissue evaluated for comparison 
included sinus mucosal and turbinate (S/T) samples 
from five adult patients undergoing surgery for treat- 
ment of sinusitis and sphenoid sinus samples from three 
patients undergoing transsphenoidal resection of pitu- 
itary tumors. Nasal biopsies were also performed on 
seven nonallergic (NA) adult subjects. Subjects were 
considered NA if they had no symptoms suggestive of 
allergic rhinitis or asthma and were also unreactive to 
skin testing with six common aeroallergens (grass mix, 
ragweed, cat, dog, dust mite, tree mix). Informed written 
consent was obtained from all nonallergic subjects with 
the approval of the Institutional Review Board at the 
Johns Hopkins Bayview Campus. Tissues were immedi- 
ately processed for staining and homogenization. 

Tissue sections (5 b~m) from formalin-fixed and par- 
affin-embedded tissues were processed for both routine 
staining and immunohistochemistry. Eosinophil, neutro- 
phil, and mononuclear cell counts were performed on 
sections stained with Wright-Giemsa stain. Immunohis- 
tochemistry was performed by using the Vectastain 
ABC-AP kit and the Vector Red Substrate Kit (Vector 
Laboratories, Burlingame, Calif.) with the addition of a 
permeabilization step. All reagents were made in accor- 

dance with the manufacturer's instructions. The mouse 
monoclonal IgG2a anti-human RANTES antibody, 3D2. 
was used at a concentration of 4.2 ixg/ml. 28 The speci- 
ficity of this antibody was confirmed by the lack of 
cross-reactivity with other C-C and C-X-C chemokines 
in Western blot assays. A mouse IgG2~ myeloma protein 
was used at the same concentration as a negative control 
for this antibody (Coulter Immunology, Hialeah. Fla.). 
In addition, several NP samples were stained with other 
monoclonal antibodies specific for RANTES. (no. 
21404.1 [IgO d at a concentration of 2.56 btg, ml and no. 
21438.1 [IgG2aJ at a concentration of 9.2 Fg/ml: R&D 
Systems. Inc., Minneapolis. Minn.). Polyclonal rabbit 
anti-VCAM-1 and anti-E-selectin were used at a con- 
centration of 6 fxg/ml (supplied by W. Newman. Otsuka 
America Pharmaceutical. Inc.. Rockville. Md.), and rab- 
bit anti-human von Willebrand factor (vWF) ( Dako A/S. 
Glostrup, Denmark) was used at a concentration of 1 
ix& ml. Rabbit IgG was used as the negative control for 
these polyclonal antibodies. The monoclonal antibody 
EG2 (Kabi Pharmacia. Uppsala. Sweden) was used at a 
concentration of 2 Fg/ml to stain the cleaved, actively 
secreted form of eosinophil cationic protein and thereby 
identified activated eosinophils; mouse igG~ myeloma 
protein was used as a negative controlY The bronchial 
epithelial cell line. BEAS-2B. stimulated with tumor 
necrosis factor-~ was used as a positive control for 
RANTES: tonsils were used as a positive control for 
VCAM-1. E-selectin. and vWF: and allergen-challenged 
skin was used as a positive control for EG2. Tissue 
sections were deparaffinized in xylene and rehydrated 
through graded alcohol solutions with the final wash in 
0.05 mol/L Tris-buffered saline pH 7.5. The sections 
stained for RANTES. E-selectin. and vWF and their 
controls were permeabilized by incubation with 0.25% 
trypsin (Biofluids, Inc.. Rockville. Md. 1 at 37 c C for 20 
minutes, whereas those stained for V C A M q  and its 
negative control were permeabilized with a citric acid 
buffer, Antigen Retrieval Citra system (Biogenix. San 
Ramon. Calif.). Tissue sections were then washed twice 
with Tris-buffered saline, and nonspecific binding was 
blocked by incubating the sections with normal goat 
serum (Vector Laboratories) for 30 minutes at room 
temperature. The primary antibody and the negative 
control were added and allowed to incubate at 4 ° C for 
12 to 18 hours. After this incubation, the sections were 
washed with Tris-buffered saline, and biotinylated goat 
anti-mouse or anti-rabbit secondary antibody was added 
and allowed to incubate for 1 hour at room temperature. 
The avidin-biotin-alkaline phosphatase complex was 
added, and slides were incubated for 30 minutes at room 
temperature, followed by the addition of the chromogen. 
Vector Red. for 20 minutes at room temperature in the 
dark. The sections were counterstained with Gill-Baker- 
Mayer formula hematoxylin solution (Anderson Labo- 
ratories. Inc.. Fort Worth. Texas) for 2 minutes, dehy- 
drated through graded alcohol solutions and xylenes, 
and permanently mounted with Cytoseal 60 (Stephen 
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Scientific, Riverdale, N.J.). Nasal epithelial cells and 
glandular cells were readily identified histologically and 
were clearly distinguishable from inflammatory cells. 

Quantification 
Specimens were scored by two independent observers 

(L.A.B. and C.A.B.) in a blinded manner. The same 
location in each specimen was identified by coordinates 
on the microscope stage, and inflammatory cells and 
immunoreactive RANTES, VCAM-1, E-selectin, and 
vWF were quantified. The area counted consisted of 
three rows of eight reticles, each beginning directly 
below the epithelium; an Olympus BH-2 microscope 
(Olympus America, Inc., Mehlville, N.Y.) equipped with 
an Olympus WHK 10×/20L eyepiece and 40× objective 
was used for counting. This count was multiplied by 3.5 
to give the number of cells per square millimeter. Cells 
counted as mononuclear included lymphocytes and 
monocytes but not macrophages because cells that were 
larger than 12 ~m and those that had a foamy cytoplasm 
were excluded. The immunohistochemical scores for the 
two endothelial adhesion molecules, VCAM-1 and E- 
selectin, were calculated by dividing the number of 
vessels staining for these endothelial adhesion molecules 
by the number of vWF-positive vessels in the same area 
of tissue by using adjacent sections and multiplying by 
100. There was good correlation between the results of 
the two observers with regard to eosinophil (p < 0.001), 
mononuclear (p < 0.05), neutrophil (p < 0.0001), EG2 + 
cell (p < 0.002), E-selectin (p < 0.0001), and VCAM-1 
counts (p < 0.0002). 

The RANTES staining of the pseudostratified colum- 
nar epithelium was graded by the intensity of the stain 
as: 0, absent; 1, weak; 2, moderate; or 3, strong. The 
staining within the glandular epithelium was assessed by 
extent: 0, none; 1 up to 25% of all acini; 2, between 25% 
and 50% of all acini; or 3, more than 50% of all acini in 
the entire section. Some tissue sections had no glands, 
and therefore not all tissues had a score for extent of 
RANTES glandular staining. The two observers' assess- 
ments for intensity and extent of RANTES staining were 
identical. 

Tissue homogenization and detergent 
solubilization 

Representative samples from each specimen obtained 
directly from the operating room were washed with 
sterile Dulbecco's phosphate-buffered saline (pH = 7.3) 
with calcium and magnesium (dPBS) (Quality Biologi- 
cal, Inc., Gaithersburg, Md.) to remove any blood or 
blood clots. Specimens were either immediately pro- 
cessed as outlined below or stored at - 8 0 ° C  for later 
processing. Frozen tissue samples were lyophilized over- 
night and subsequently weighed. The tissue (up to 300 
rag) was homogenized for 60 seconds in 0.85 to 2.0 ml of 
dPBS by using a Polytron PT 1200 homogenizer with a 
microprobe (Kinematica AG, Switzerland) at the high- 
est speed. The specimen was kept on ice to minimize 

protein denaturation from heat generated during ho- 
mogenization. After homogenization, the probe was 
rinsed with an additional 0.5 ml of dPBS. Triton X-100 
(Sigma Chemical Co., St. Louis, Mo.) was added to the 
homogenate to achieve a concentration of 1% (wt/vol), 
and the homogenate was stirred at 4 ° C for 4 to 6 hours. 
Detergent-solubilized homogenates were then centri- 
fuged at 3000 g for 15 minutes to remove debris. 
Supernatants were stored in small aliquots at - 8 0 ° C  
until they were assayed by ELISA. 

ELISA 
VCAM-1 ELISAs were performed with a commer- 

cially available kit (R&D Systems) that was sensitive to 
less than 2.0 ng/ml. E-selectin was quantified by using a 
sandwich ELISA (sensitivity < 100 pg/ml)? ° There is no 
cross-reactivity in this assay with either L- or P-selectin. 
These ELISAs each have an intraassay variation of less 
than 5% and interassay variation of less than 10%. 
ELISA results were expressed as nanograms per gram of 
freeze-dried tissue. Polyp extracts produced ELISA 
curves parallel to those of standards of either VCAM-1 
or RANTES (not shown), dPBS with 1% Triton X-100 
did not interfere with detection of VCAM-1 or E- 
selectin in the ELISA. 

Statistics 
Staining scores, ELISA values, and cell counts from 

the three clinical groups (NP, S/T, and NA) were 
analyzed by nonparametric analysis of variance with 
Kruskal-Wallis and Mann-Whitney U tests. Correlation 
coefficients were analyzed with the Spearman-Rank 
method. The software used for these calculations was 
Statview II for Macintosh computers (Abacus Inc., 
Berkeley, Calif.). Data were expressed as means _+ SEM 
and p values less than 0.05 were considered significant. 

RESULTS 
Cellular infiltrate 

Most  NP tissues were character ized by large 
numbers  of  eosinophils in the subepithelium, with 
a mean  of  763 +_ 120 cells/mm 2. This was signifi- 
cantly more  than that  seen in the other  two cate- 
gories of  tissues examined: S/T samples (5 + 2 

9 
cells/ram-, p = 0.0001) and N A  samples (20 + 9 
cells/mm 2, p = 0.002) (Fig. 1). Over  half  (61% + 
14%) of  the eosinophils in NP  tissues were acti- 
vated as demons t ra ted  by E G 2  + staining. In  most  
NP tissues the eosinophils appeared  to be prefer-  
entially localized in the vicinity of  the surface 
epithel ium and the mucinous  glands (Fig. 2, A).  
NP tissue tended to have more  mononuc lea r  cells 
(191 +_ 33 cells/ram 2) than N A  tissue (82 + 28 
cells/mm 2, p < 0.05) and S/T tissue (111 + 36 
cells/ram 2, p = 0.06). There  were no differences in 
the number  of  neutrophils  seen in the subepithe- 
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FIG. 1. Eosinophil counts in tissues from patients undergoing surgery for NPs and S/T disorders 
and in biopsy specimens of NA individuals. The degree of tissue eosinophilia was significantly 
greater in NP tissues when compared with S/T and NA samples, 

lium among NP (67 + 32 cells/ram2), S/T (120 + 96 
cells/mm2), or NA (69 +_ 19 cells/mm 2) samples. 

R A N T E S  e x p r e s s i o n  

Staining of surface and glandular epithelium for 
RANTES was found in all tissue groups (Fig. 3). 
Although detectable RANTES staining was seen 
in the nasal epithelium of 11 of 14 NP, 5 of 8 S/T, 
and 3 of 7 NA tissues, intense staining (grade 3) 
was only seen in NP specimens (6 of 14) and not 

S/T (0 of 8) or NA (0 of 7) tissues (Fig. 2, B and C). 
Although the average staining scores were not 
significantly different among these three groups of 
tissues, grade 3 staining was seen significantly more 
often in NP tissues than in NA and S/T tissues (p < 
0.03). The surface epithelial cells demonstrated 
largely cytoplasmic staining with little to no stain- 
ing seen in goblet cells. The epithelial stain inten- 
sity varied significantly within individual sections+ 
We noticed that localization of the most intense 

FIG. 2. Giemsa-stained section of NP tissue (x150 magnification) demonstrating prominent 
accumulations of eosinophits adjacent to the pseudostratified columnar epithelium (left). An 
adjacent section stained with EG2 antibody to identify activated eosinophils (right). Eosinophils 
can also be seen within the epithelium (A). RANTES-stained NP epithelium (x200) with a mouse 
monoclonal antibody (3D2); a representative grade 3 is shown. There was no staining with the 
control antibody dnsert) (B). The epithelium of S/T tissues (x300) also stained for RANTES 
(grade 1) but always less intensely than that seen in NP. No staining was seen with the control 
antibody (insert) (C). RANTES staining (grade 3) was also noted on glandular epithelium of NP 
tissues. The negative control demonstrated no staining (insert) (D). RANTES staining was 
occasionally noted in vascular endothelium (x300) and vascular smooth muscle cells (×400) (E 
and F, respectively), VCAM-1 expression (x200) on vascular endothelium and perivascular 
mononuclear cells was seen occasionally in NP tissue, with no endothelial staining when rabbit 
immune serum was used (insert) (G). E-selectin expression in NP tissue (x300). No endothelial 
staining was seen in the control (insert) (H). 



J ALLERGY CLIN IMMUNOL Beck et al. 771 
VOLUME 98, NUMBER 4 

FIG. 2. For legend see oppos i t e  page.  
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FIG. 3. RANTES staining score in NP, S/T, and NA nasal biopsy tissues. The RANTES score is 
based on intensity of epithelial staining according to a visual analog scale of 0 to 3 in increments 
of 1.0. Individual tissue values are the average of two counts performed by two blinded 
investigators. 

staining occurred at sites with the most prominent 
sub- and intraepithelial eosinophilia. No staining 
was seen with control mouse IgG2~ antibody (Fig. 
2, B and C), confirming the specificity of the mouse 
monoclonal antibody, 3D2. Other anti-RANTES 
antibodies (no. 21404.1 and no. 21438.1) demon- 
strated similar, although less intense, staining than 
that seen with 3D2 (not shown). Both the intralu- 
minal mucin and the glandular epithelium were 
immunoreactive for RANTES in nine of 14 NP 
specimens (Fig. 2, D). RANTES staining was 
sometimes observed in vascular endothelial cells 
(Fig. 2, E), smooth muscle cells (Fig. 2, F), and 
some mononuclear cells in the lamina propria (not 
shown). 

Endothel ia l  adhesion molecule  expression 
and quant i f icat ion 

The fraction of vessels staining with VCAM-1 
(16% _+ 4%) and E-selectin (16% _ 5%) in NP 
samples was determined (Fig. 4, A and B). Al- 
though there was a trend for greater VCAM-1 
staining in NP samples, there was no significant 
difference in the percentage of vessels staining for 
these two endothelial adhesion molecules among 
all three tissue groups (NP, S/T, and NA). 

VCAM-1 immunoreactivity was seen on endothe- 
lium (Fig. 2, G) and perivascular mononuclear 
cells, whereas E-selectin staining localized to en- 
dothelium only (Fig. 2,/4). No endothelial staining 
was seen with the rabbit immune serum used as a 
negative control (Fig. 2, G and H). To further 
quantify the expression of E-selectin and 
VCAM-1. we homogenized and detergent-solubi- 
lized freeze-dried tissue samples and assayed the 
resulting supernatants for soluble E-selectin and 
VCAM-1 by ELISA (Fig. 5. A and B). The amount 
of VCAM-1 isolated from NP samples (6842 __ 
1324 rig/gin) was greater than that found in S/T 
samples (1194 ~- 279 ng/gm, p < 0.005) and NA 
samples (1820 _ 231 ng/gm, p < 0.08). These 
values are much greater than could be accounted 
for from blood trapped in these specimens (aver- 
age freeze-dried weight = 68 mg) because the 
mean serum value of VCAM-1 from normal indi- 
viduals ranges from 395 to 714 ng/ml (R&D Sys- 
tems, Inc.). There were no significant differences 
among the levels of E-selectin found in NP sam- 
ples (1436 ± 349 ng/gm), S/T samples (478 + 234 
ng/gm), and NA samples (1615 = 351 ng~'gm). 
Again, it seems unlikely that the levels of E- 
selectin found in these samples could be accounted 
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FIG. 4. Endothelial staining for VCAM-1 (A) and E-selectin (B) in NP, S/T, and NA nasal biopsy 
tissues. Immunohistochemical scores for the two endothelial adhesion molecules were calcu- 
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for by serum content because serum levels range 
from 0.13 to 2.8 ng/ml? 1 

Relationship between leukocyte infiltration 
and RANTES, VCAM-1, and E-selectin 
expression 

There was a weak correlation between eosino- 
phils and epithelial RANTES expression that did 
not reach statistical significance (r, = 0.32, p = 
0.13). No correlation was seen between epithelial 
and/or glandular expression of RANTES and the 
EG2-positive eosinophil, neutrophil, or mononu- 
clear cell counts. The proportion of VCAM-I-  
positive vessels correlated with the extent of EG2- 
positive eosinophil influx in NP tissues (1) = 0.75, 
p < 0.01) (Fig. 6, A). The more quantitative 
VCAM-1 ELISA values revealed correlations 
between VCAM-1 and the number of eosino- 
phils (r, = 0.69, p < 0.005) (Fig. 6, B) and the 
combined number of eosinophils and mononu- 
clear cells (r S = 0.73, p < 0.005) (Fig. 6, C), but 
there was no correlation with neutrophil influx 
when all nasal tissues studied were examined. No 
significant correlation was seen between the 
proportion of E-selectin-positive vessels or the 
E-selectin ELISA values and any cellular pheno- 
type. 

DISCUSSION 

Eosinophils are widely recognized as proinflam- 
matory cells by virtue of the mediators that they 
release. Basic proteins found in their cytoplasmic 
granules, including major basic protein and eosin- 
ophil cationic protein, have been shown to damage 
both the upper and lower respiratory epitheli- 
um.32, 33 Other eosinophil mediators, including leu- 
kotriene C4 and platelet activating factor, can 
enhance vascular permeability, constrict smooth 
muscle, stimulate mucus release, and mobilize 
leukocytes. Eosinophils are found in significantly 
higher numbers and are more frequently activated 
(as determined by EG2 staining) in NP tissue as 
compared with surrounding turbinates or normal 
nasal mucosa. 34 To better understand the mecha- 
nisms responsible for recruitment and activation of 
eosinophils, we studied the expression of the che- 
mokine RANTES and two endothelial adhesion 
molecules, VCAM-1 and E-selectin, in NP tissues. 
We have shown that RANTES is present on the 
nasal epithelium of polyps and that NPs stain more 
intensely for RANTES than either S/T or NA 
samples. Interestingly, the proportion of VCAM- 
l-staining vessels was similar among all clinical 
samples, but the VCAM-1 detected from tissue 

homogenates by ELISA was significantly higher in 
NPs than in S/T control tissues. Moreover. these 
values correlated with the eosinophil (and eosino- 
phil plus mononuclear) cell counts. There was no 
difference in E-selectin staining or ELISA values 
from tissue homogenates among all clinical sam- 
ples. 

Consistent with the work of others, we found 
that the predominant cell type infiltrating NP 
tissues was the eosinophil and that the majority of 
these cells were activated as defined by EG2 ~ 
staining? 4-36 A previous study found an EG2- 
eosinophil ratio of 0.79 in NP tissue, whicfi de- 
creased to 0.46 after 1 month of budesonide treat- 
ment? 6 These values are comparable to our value 
of 0.61. Mononuclear cells (lymphocytes and 
monocytes) were also present in greater numbers 
in NP tissues as compared with the mucosa of 
nonallergic individuals. Therefore NP tissues are 
characterized by a selective recrmtment of eosin- 
ophils and mononuclear cells, but not neutrophils. 

Our immunohistochemical results suggest that 
RANTES, a potent chemotactic factor for eosino- 
phils, is localized to surface and glandular epithe- 
lium. It is noteworthy that the greatest accumula- 
tions of inflammatory cells are seen adjacent to the 
epithelium. We cannot exclude the possibility that 
the immunoreactive RANTES detected was pro- 
duced by other cell types and then immobilized on 
nasal epithelium. Because chemokines are known 
to bind to proteoglycans, such as heparin sulfate 
and other extracellular matrix components, it is 
conceivable that sites of RANTES staining may 
represent immobilization and not production? 7-39 
However. we think this is unlikely on the basis of 
recent work in our laboratory on two bronchial 
epithelial cell lines: BEAS-2B and IB3. as well as 
nasal epithelial explant cells, clearly demonstrate 
that RANTES messenger RNA and protein are 
produced at high levels after activation by inflam- 
matory cytokines such as tumor necrosis factor-~ 
and interferon-7. 5° This information, coupled with 
the intensity of the observed staining, the specific 
localization of RANTES immunoreactivity within 
the cells to the perinuclear space, and the lack of 
staining of adjacent goblet cells, leads us to believe 
that RANTES is produced by nasal epithelium and 
nm merely adsorbed from other sources. A variety 
of other cell types are also known to produce 
RANTES including cultured T cells and macro- 
phages, platelets, synovial fibroblasts, an acute 
myelomonocytic cell line (THP-1), a rhabdomyo- 
sarcoma cell line (RD-1), a mast cell leukemic line 
(HMC-1), a bronchial epithelial cell line (BEAS- 
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2B), and primary cultures of umbilical vein endo- 
thelial cells. 18, 40-44. 50 

It is ironic that the epithelium itself may secrete 
a chemotactic agent (RANTES) responsible for 
recruiting the eosinophils, which may result in the 
loss of nasal epithelium that is seen in up to 93% of 
N P  c a s e s .  45 Growing evidence suggests that both 
upper and lower respiratory tract epithelial cells 
may contribute to inflammatory responses. In. one 
study bronchial epithelial cells from asthmatic 
airways were shown to express another C-C che- 
mokine, monocyte chemoattractant protein-1. In- 
terestingly, the epithelial staining correlated signif- 
icantly with the percent reduction in FEV 1.46 Nasal 
epithelial cells may secrete a variety of cytokines 
including GM-CSF, IL-l~x, IL-6, and IL-8. 47-49 It is 
interesting to speculate that antigen exposure may 
result in the release of a variety of chemokines and 
cytokines by epithelial cells, which then serve to 
recruit and enhance the survival of proinflamma- 
tory cells such as eosinophils. 

Work currently in progress in our laboratory has 
demonstrated that the glucocorticoid budesonide 
is a potent inhibitor of RANTES gene expression 
and protein production in a bronchial epithelial 
cell line stimulated with tumor necrosis factor- 
oL. 4°,5° The ability of corticosteroids to inhibit 
RANTES secretion from nasal epithelium may 
explain, at least in part, the reduction in both total 
and activated eosinophils seen after treatment with 
intranasal steroids. 34 This finding may also provide 
an additional explanation for the reduction of 
eosinophils in nasal washings or bronchoalveolar 
lavage seen after corticosteroid treatment in anti- 
gen-challenged patients with allergy. It is notewor- 
thy that we detected significant staining for 
RANTES in subjects with NPs, despite the fact 
that 15 of 17 received some preoperative glucocor- 
ticoids. Possibly, the use of inhaled and/or systemic 
steroids in these subjects may have diminished the 
RANTES immunoreactivity, and the absence of 
steroid exposure in the other subjects (S/T or NA 
samples) may have lessened the difference among 
these three groups. It is also possible that 
RANTES is more important in localizing eosino- 
phils to the vicinity of the epithelium rather than 
recruiting these cells from the circulation. The 
overriding in vitro evidence demonstrating 
RANTES induction of eosinophil chemotaxis and 
eosinophil transendothelial migration coupled with 
the present finding that the intensity of RANTES 
staining and levels of RANTES protein were 
greater in polyps than control nasal tissue and that 
the site of RANTES expression coincided with the 

areas of dense eosinophilia all support the hypoth- 
esis that this factor is an important inducer of 
eosinophil accumulation in vivo. 5l 

We next questioned whether endothelial adhe- 
sion molecules may contribute to the enhanced 
recruitment of eosinophils in NPs. Using immuno- 
histochemical techniques, we discovered similar 
degrees of VCAM-1 and E-selectin expression in 
NP, S/T, and NA samples. Interestingly, VCAM-1 
staining correlated with the density of activated 
eosinophils (e.g., EG2 ÷) in NP tissues but not in 
other groups. Our results differ from those of 
Symon et al., 52 who showed that 29% of vessels 
stained for E-selectin and less than 5% stained for 
VCAM-1 in polyp tissues. In additional studies, 
these authors demonstrated P-selectin staining of 
endothelium, and using the Stamper-Woodruff as- 
say, concluded that P-selectin was primarily re- 
sponsible for eosinophil-endothelial adhesion in 
NP tissues. Because both E-selectin and P-selectin 
support binding of both neutrophils and eosino- 
phils to endothelium, these adhesion molecules are 
unlikely to explain preferential recruitment of eo- 
sinophils to an inflammatory site. It is unclear why 
such variability in endothelial adhesion molecule 
expression was noted by our two laboratories. The 
possibilities include heterogeneity of disease, treat- 
ment differences, staining technique, and antibody 
selection. 

To further quantify VCAM-1 and E-selectin 
expression, we performed ELISAs on the homog- 
enized, detergent-solubilized tissue supernatants. 
The utility of measuring soluble endothelial adhe- 
sion molecules in inflammatory diseases has been 
documented previously. Levels of soluble E-selec- 
tin, for example, are elevated in serum and bron- 
choalveolar lavage after an acute asthma attack 
and after segmental antigen challenge, respective- 
ly.30, 53 The fact that we detected more VCAM-1 in 
tissue homogenates than by immunohistochemis- 
try would suggest that we are not only solubilizing 
VCAM-1 bound to the endothelial surface but also 
VCAM-1 found on other cells including macro- 
phages, fibroblasts, and nerves. 54, 5s NP tissues had 
significantly greater amounts of VCAM-1 than S/T 
tissues, and nasal tissue VCAM-1 levels correlated 
well with both the eosinophil and the eosinophil 
plus mononuclear cell counts. The correlation of 
eosinophil influx and VCAM-1 expression has 
been noted by other researchersY -Ss Bentley et 
al.  57 demonstrated that the intensity and extent of 
endothelial VCAM-1 staining correlated in bron- 
chial biopsy specimens with the number of tissue 
eosinophils as measured by major basic protein 
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staining in patients with mildly atopic asthma after 
antigen challenge. A similar finding was noted in 
acute skin lesions of subjects with atopic dermati- 
tis. s9 Furthermore, indirect evidence that VCAM-1 
is important in eosinophil and mononuclear cell 
influx was obtained in sheep, mouse, and guinea 
pig models of inflammation by using antibodies to 
the VCAM-1 counterligand very late activation 
antigen-4. 6°-64 Finally, antibodies to VCAM-1 in- 
hibited the formation of eosinophil and T-lympho- 
cyte infiltrates in the trachea of allergen-chal- 
lenged mice. 61 

This study demonstrates that two molecules, 
which have been proposed to promote eosinophil 
recruitment on the basis of in vitro studies, namely 
the chemokine RANTES and the adhesion mole- 
cule VCAM-1, are expressed in vivo in human NP 
tissues. The close correlation of the expression of 
VCAM-1 (in nanograms per gram) with tissue 
eosinophil numbers suggests that endothelial 
VCAM-1 expression is likely to be partly respon- 
sible for the cellular influx. The intense staining of 
epithelial cells for RANTES in proximity to the 
densest cellular infiltrates suggests that this protein 
may be playing a role in localizing infiltrating cells, 
including eosinophils. 
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