
Histol Histopathol (2000) 15: 395-402 

001 : 10.14670/HH-15.395 

http://www.hh.um.es 

Histology and 
Histopathology 
Gel/u/ar and Molecular Biology 

Characterization of inflammatory reaction 
in upper airways of cystic fibrosis patients 
E. Lesprit, E. Escudier, G. Roger, V. Pruliere, G. Lenoir, Ph. Reinert and A. Coste 
Services de Pediatrie, Hópitaux lntercommunal, Créteil et Necker-EnfantsMalades, Paris, 

Services d'ORL et de Chirurgie Cervico-Faciale, Hópitaux Henri Mondar et lntercommunal de Creteil et Trousseau, Paris and 

Service d'Histologie-Embryologie, Groupe Hospitalieret Faculte de Medecine Pitié-Salpetriere, Paris, France 

Summary. Inflammatory cell populations have not been 
yet precisely evaluated in cystic fibrosis (CF) airways. 
We intended to characterize morphological modifi
cations, inflammatory cell infiltration and cell 
proliferation in nasal tissues obtained from 15 CF 
patients and from 6 non-CF patients with nasal 
polyposis. Morphological analysis showed an intense 
inflammatory infiltration in CF and non-CF tissues with 
only few modifications in the epithelium from CF 
tissues. Inflammatory cell populations characterized by 
specific immunolabeling were quantified, showing a 
predominance of macrophages and T- and B-Iympho
cytes and only moderate numbers of neutrophils in CF 
tissues; in non-CF polyps, lymphocytes and eosinophils 
were abundant. Proliferating cell percentages quantified 
after proliferating cell nuclear antigen immunolabeling 
were 5.3±4.1 % (mean ± SD) in CF polyps and 3.1±1.2% 
in non-CF polyps in epithelium but were very low in 
lamina propria. Intense inflammation in nasal tissues 
from CF patients is therefore dominated by macrophages 
and lymphocytes rather than by neutrophils. While 
morphology is preserved, proliferation is high in 
epithelium from CF polyps. These findings should be 
regarded in the future for a better understanding of 
inflammation in CF airway disease. 
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lntroduction 

The most important clinical manifestation in cystic 
fibrosis (CF) is progressive pulmonary dysfunction, 
secondarily due to chronic bacteria! lung infections. 
Thickened viscous secretions, probably related to the 
underlying genetic defect, encourage colonization of the 
respiratory tract with microorganisms. Kepeated 
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respiratory infections impair ciliary function and reduce 
clearance of mucus, leading to a vicious circle. 
Classically, as the disease progresses, respiratory 
defences become increasingly inefficient, leading to an 
intense inflammatory response characterized by 
neutrophil sequestration within the airways, secreting 
various enzymes responsible for irreversible tissue 
damages (Da vis et al., 1996). Sorne recent studies 
suggested that inflammation might occur early, causing 
initial damage to the airways and increasing the 
susceptibility of the respiratory tract to subsequent 
infections (Khan et al., 1995). Inflammation by itself 
could therefore be involved in the pathogenesis of CF 
airway disease. However, in the literature little 
information is available concerning the different 
inflammatory cell populations present in the airways of 
CF patients. 

Severe rhinosinusitis with nasal polyps is frequently 
observed in children and adults with CF. Nasal polyps 
occur in about 50% of CF patients and the most typical 
complaint is nasal obstruction (Coste et al., 1995). In 
sorne CF patients, severity of nasal symptoms and 
failure of medica! therapy may lead to surgery with 
ethmoidectomy. Nasal polyps and mucosa can therefore 
be collected during surgery to study inflammation in the 
upper airways of CF patients. In this study, using 
immunohistochemistry and antibodies specific for active 
inflammatory cells, we in tended to characterize the 
distribution of the different inflammatory cell 
populations present in the upper airways of CF patients. 
In addition, we also examined the morphology of 
epithelium as well as cell proliferation in nasal mucosa 
and polyp sections. 

Materialsand methods 

Patients 

One adult and fourteen children CF patients (5 male, 
10 female; mean age 12.6 yr ranging from 3 to 52 yr) 
and 6 non-CF patients (5 male, 1 female; mean: 39.6 yr 
ranging from 20 to 57 yr) affected by primitive nasal 
polyposis were included in this study. Diagnosis of CF 
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Table 1. Primary antibodies and technical conditions used far immunoh istoc hemical detection of proliferating cells and inflammatory cell populations . 

ANTIBODY TYPE OF ANTIBODY SPECIFICITY CELLS SO URCE DILUTION 

PC-10 mouse monoclonal human PCNA cycling cells Dako® 1:50* 
NP-57 mouse monoclonal human neutrophil elastase neutrophils Dako® 1:50 
AA1 mouse monoclonal human tryptase 
KP-1 mouse monoclonal human CD-68 
EG2 mouse monoclonal human ECP 
L26 mouse monoclonal human CD-20 
CD-3 rabbit polyclonal human CD-3 

• : microwave exposure ; t : amplification 

was made using standard criteria, including positive 
sweat chloride te st and in 11 patients CF genotype. 
Diagnosis of nasal polyposis was established according 
to medica) history and symptoms, endoscopic 
examination of the nose and CT-scan evaluation of nasal 
fossa and paranasal sinuses. Samples were collected at 
the time of surgery (endoscopic functional ethmoidec
tomy) which was required for the treatment of their 
severe nasal polyposis. From 6 CF patients, nasal polyps 
and mucosa from the inferior turbinate were obtained 
during the same surgical procedure. Only nasal polyps 
were obtained in 6 CF patients and only biopsy 
specimen of the nasal mucosa was obtained in 3 other 
CF patients operated for chronic sinusitis without nasal 
polyps . Nasal polyps, obtained in 6 non-CF patients, 
were used as a comparison group. 

Samples 

Ali nasal samples were immediately fixed in 
formaldehyde, then paraffin-embedded and 5-µm 
sections were obtained. For each sample, a section was 
systematically stained (Hemalun-Eosine-Safran) for 
standard histomorphological analysis. 

Morphologica/ evaluation 

Ali tissue sections were examined under a light 
microscope . The intensity of inflammatory cell reaction 
in each tissue section was evaluated using a semi
quantitative scale (no: O; mild: +; moderate: ++ and 
severe: +++ ). In parallel, the integrity and the 
morphological appearance of the epithelium was 
assessed as denuded , normal respiratory differ entiation , 
secretory hyperplasia, basal hyp erplasia or squamous 
metaplasia. 

lmmunohistochemistry 

Each inflammatory cell type was detected using a 
specific antibody . The proliferating cell nuclear antigen 
(PCNA), a nuclear protein expressed in cycling cells was 
used to study cell proliferation. The primary antibodies 
and the technical conditions used in this study for 
immunohistochemical detection of proliferating cells 
and different inflammatory cell populations are shown in 

mast cells Dako® 1:200* 
macrophages Dako® 1:100* 
eosinophils Pharmacia ® 1:50 
B-lymphocytes Dako® 1:50*t 
T-lymphocytes Dako® 1 :50*t 

Table l. The modified alkaline phosphatase-anti-alkaline 
phosphatase (APAAP) technique was used for immuno
h istochemistry (Cordell et al., 1984 ). The differen t 
antibodies were diluted in TRIS-buffered saline. The 
same techniques were applied to ali nasal samples. 
Brief!y , after deparaffinization, non-specific antigenic 
sites were saturated with human AB serum (30 % 
dilution in TRIS-buffered satine, 60 min). Primary 
antibodies were added and incubated for 45 minutes. 
After incubation with the appropriate antiserum (30 min 
each), tissue sections were incubated with the APAAP 
complex (30 min) . Ali incubations were performed in a 
moist chamber al room temperature after which slides 
were washed in TRIS-buffered saline. Revelation 
substrate (i.e. naphtol AS-TR, Fast Red TR salt, Sigma 
Chemical Company, USA) was added and incubated 
under light cover (30 min). Tissue sections were 
counterstained with hematoxylin. Omission of primary 
antibody was used as negative controls. Before 
PCNA , CD-3, CD-20 and CD-68 immunolabeling , 
deparaffinized tissue sections were boiled in citrate
buffer (pH 6) during three microwave exposure cycles 
(650 W, 5 min). Finally, for CD-20 and CD-3 immuno
labeling, an amplification with repetition of the last two 
incubations was realized (Table 1). 

For each different inflammatory cell type , detected 
with the corresponding specific antibody, quantification 
was achieved in each tissue section and expressed as the 
absolute number of positive cells counted in surface 
epithelium and subepithelial mucosa respectively in 10 
randomly selected fields (final magnification: x 500). 

For PCNA detection, only cells with a red positive 
nuclear immunostaining were counted as positive. In 
each tissue section, PCNA indices were determined in 
the surface epithelium (epithelium PCNA index) and in 
the subepithelial mucosa (submucosa PCNA index) . 
Each PCNA index was calculated by counting the 
number of positive cells among 1,000 cells distributed in 
at least 10 randomly selected fields (final magnification : 
x 500) and expressed as a percent age. 

Results 

Histological findings 

Inflammatory cell reaction was generally importan! 
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Table 2. Morphological evaluation of nasal tissues (polyps/mucosa) from fifleen CF patients. 

CF NASAL TISSUES EPITHELIAL MORPHOLOGY* INFLAMMATORY REACTIONt CELL PROLIFERATION 
(PCNA index in %) 

1 N/N ++/+ 
2 N/D +++/+ 
3 N/N +/+++ 
4 SM/D ++/++ 
5 N/D +++/++ 
6 N/N +++/++ 
7 N/- +++/-
8 N/- +++/-
9 BH/- +++/-

10 BH/- ++/-
11 BH/- +++/-
12 N/- +++/-
13 -/N -/+++ 
14 -ID -/+ 
15 -/N -/+++ 

epithel ium 

9.5/11.5 
0.8/nd 
4.6/3.9 
4.2/nd 
3.5/nd 
8.7/ 1.8 

0/-
11.7/-

10/-
2.4/-
1.8/-

1/
-/3.6 
-/nd 
-/4.8 

submucosa 

1.7/0 
2.1/nd 

1/0 
8/nd 

3.3/nd 
2.9/ 1.8 

0/-
0/-

1.7/-
1/-

1.6/-
0/
-/16.5 
-/nd 
-/1.2 

• predominan! type: N: normal , SH: secretory hyperplasia , SM: squamous metaplasia, BH: basal hyperplasia , D: denuded ; t semi-quant itative scale 
from O=no to +++=abundan! ; nd: not determined 

Table 3. Morphological evaluation of nasal polyps from six non-CF patients. 

NON-CF POL YPS EPITHELIAL MORPHOLOGY* INFLAMMATORY REACTIONt CELL PROLIFERATION 
(PCNA) index in %) 

1 SH 
2 D 
3 SH 
4 SH 
5 N 
6 N 

++ 
+++ 
+++ 
++ 
++ 
+ 

epithelium 

5.2 
3.7 
3 
2 

3.2 
1.7 

submucosa 

2.1 
o.a 
1.1 
0.5 
1.3 
0.2 

• predominan! type: N: normal , SH: secretory hyperplasia , SM: squamous metaplasia , BH: basal hyperplasia , D: denuded ; t semi-quantitat ive scale 
from O=no to +++=abundan!. 

in ali CF and non- CF samples , in nasal polyps as well as 
in nasa l muco sa (Ta bl es 2, 3) . In most cases, in CF 
samples, the epith elium of nasa l tissue appeared normal 
with minim al a reas of di s ruption or morphologic a l 
changes (Table 2). In non-CF sampl es, morphol og ical 
chang es were frequently observed in the epith e lium 
(Table 3). 

Distribution of inflammatory ce// populations 

In CF pati ents, the inflammat ory cell composition of 
the nasal polyps and of the nasa l muc osa as dete rmin ed 
by light micro sco py af ter immunol abe ling is given in 
Figs. 1 and 2, respec tively. Macroph ages were found in a 
great numb er in the tissue sampl es of ali CF pati ents . 
Macrop hages were the predomin an! inflamm atory cell in 
8/12 polyps a nd 5/ 9 na sa l mu cosa. Most of the 
macrophages were single cells, prefere ntially locat ed in 
the lamin a propri a, close to the basement memb rane or 
sometim es infiltrating the surface epith elium (Fig. 3a). 

T Lymphocytes were numerous in most CF tissues. 
They were the predominan! inflamm atory cell in one 
polyp and three nasa l mucosa. In a li tissue samples 
exce pt two nasa l polyp s , B ly mphoc ytes were less 
num ero us than T lympho cytes. Lymphocytes appeared 
as single cell or small agg regates in the lamina propria , 
and rare ly infi ltrat ed the epit hel ium. B lymphocytes 
predominated in the center of aggregates , surrounded by 
T lymph ocytes (Fig. 4a ,b) . 

Neutrophils were rarely abundan! in nasal polyps or 
in nasal mucosa . Neutrophil infiltr ate was bo th 
intra ep ithel ial and subepith elial (Fig. 3b). Relatively low 
numb e rs of eos inophil s were fo und in CF tissues. 
Eosinophils we re lo ca li zed wit hin and beneath the 
ep ithelium (no t shown ). 

Moderate numbers of mast cells were detect ed in the 
mucosa from ali patients (not show n). 

In non-CF nasal polyp s, the locat ion of the different 
inflammatory ce ll types was similar but the prop ort ion of 
the diff erent ce ll types was diffe rent from CF tissues 
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(Fig. 5). Numerous eosinop hils were detected in ali non
CF polyps except one. Lymphocytes were also abundant 
in ali cases with a predominance of T-lymp hocytes upon 
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Fig. 1. Absolute numbers (quantified in 1 O randomly selected 
microscopic fields at x 500 final magnification) of each inflammatory cell 
type in nasal polyps from twelve CF patients. 

B-lymp hocytes in 5/6 cases . Macrophages and mast cells 
were present in moderate numbers and neutrophi ls were 
always rare except in one case. 
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Fig. 2. Absolute numbers (quantified in 1 O randomly selected 
microscopic fields at x 500 final magnification) of each inflammatory cell 
type in nasal mucosa from nine CF patients. 

Fig. 3. lmmunolabeling of a nasal polyp from a CF patient (case 5) exhibiting numerous macrophages (CD-68-positive cells) mainly located in the 
submucosa (a) and sorne neutrophils (neutrophil elastase-positive cells) infiltrating both the submucosa and epithelial layer (b). x 350 
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The proportion of the different inflammatory cells, 
detected in the surface epithelium and in the submucosa 
of nasal polyps from CF-patients are given in Figure 6. 
In non-CF nasal polyps , proportions were similar except 
for macrophages, 33 % of which were located in the 
epithelium (data not shown). 

PCNA immunolabeling 

PCNA was mostly expressed in epithelial cells. In 
the surface epithelium, the PCNA-positive nuclei were 
detected in cells adjacent to the basement membrane and 
aJso in sorne ceJls in the suprabasal area . In the 
subepithelial area, the PCNA immunoreactivity was 
detected in few cells, which looked like inflammatory 
cells. In the same tissue, there were sorne regional 
variations, with many PCNA-positive cells in sorne 
epithelial areas and none in others. PCNA immuno
reactivity was detected in ali CF and non-CF samples 
except in one CF sample. There were sorne variations 
from one patient to another, with epithelial PCNA index 
ranging from 0.8 to 11.7% (5.3±4.1 %, mean:!: SD) in CF 
polyps (Table 2) and ranging from 1.7 to 5.2 % 

(3.1:tl.2 %) in non-CF polyps (Table 3). 

Discussion 

lnflammation is now considered to be an important 
pathophysiological event in CF airway disease. lt seems 
therefore important to precisely determine the cells 
involved in the inflammatory process in the airways 
from CF patients. As upper airways are more access ible 
than lower airways, we chosed to investigate the 
inflammatory cell profile and epithelium morphology 
and proliferation in nasal mucosa from CF patients with 
rhinosinusitis. 

In almost ali the CF samples , polyps as well as nasal 
mucosa, we found an intense loca l inflammation , as 
evidenced by the presence of numerous inflammatory 
ce lls. In another study evaluating inflammation in nasal 
brushings, only a mild inflammation was detected in the 
nasal epithelium (Danel et al., 1996). This discrepancy 
could be related to various factors. First, only CF
patients with a severe nasal disease were included in the 
present study contrasting with the other study where 
only CF-adults with un-precised nasal disease were 

Fig. 4. lmmunolabeling of the same area in a nasal polyp from a CF patient (case 7) showing an aggregate of lymphocytes (exhibiting Nasal 
Associated Lymphoid Tissue morphological features) with mainly B-lymphocytes (CD-20-positive cells in a) surrounded by T-lymphocytes (CD-3-
positive cells in b). x 350 
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inves tigated (Danel et al., 1996). Secondly, the methods 
use d fo r sa mplin g n asa l mu cosa we re di ffere n t. 
Brushings, superficially samplin g nasa l ce lls, could lead 
to und eres timat e the infl amm atory ce ll infi lt ra tion as 
most of these cells are prese nt in the submu cosa and not 
in the epith elium (see Fig. 6). 

Althou g h th e int ens ity of the infl amm ato ry ce ll 
rea cti on w as higher in pol yps than in mu cosa in CF 
patients, the cellul ar profil es were fre quently close in 
both kind s of tissues. High numb ers of macro phages and 
Iymphocy tes and only modera te numb ers of neutrophil s 
were detected in nasa l tissues from CF patients. Mos t of 
the recent wo rks dea ling w ith CF infl amm ation were 
mainl y pe rform ed in low e r res pi ra tory tract usi ng 
sputum analys is (Schuster et al., 1995), bronchoa lveola r 
lavage (Elborn and Shale, 1990; Meye r and Zimm erm an, 
1993; Konstan et al., 1994; Arm stro ng et al., 1995; Kh an 
et al., 1995) or pos tmortem studi es (Azzawi et al., 1992), 
a li co nc ludin g th a t neut ro phil s do min ate d a irw ay 
infl ammation in CF. Very few studi es of infl amm at ion 
w e re per form e d in upp e r a ir ways of C F p a ti e n ts 
(Henderson and Chi, 1992; Dane l et al., 1996; Wang et 
al. , 1996 ) . If cy to log ic al s tu di es ma inl y s howe d 
neutro phil s (Dane l et a l. , 1996; Wang e t a l. , 1996), 
macro ph ages and lymph ocytes we re num ero us and 
neutrophil s were ra re in a mor ph ometric stud y of CF 
p o lyps ( H e nd e r so n a nd C hi , 1992). M oreover, 
mononucl ea r ce lls and not neutrophil s were found to be 
predomin ant in bronchi al seg ments obta ined fro m CF 
transplanted patients (Leigh et al., 1995). The sampli ng 
techniqu e may therefore influ ence the infl amm atory ce ll 
profil e as cy tolog ical studi es lead to the ove rest imat ion 
of the prop ortion of cells prese nt at the airways surface 
whil e biopsies allow the analys is of the ce lls infil trating 
the whole airway mucosa . Interest ingly, our data indicate 
that neutrophil s are proportion ally more abund ant in the 
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Fig . 5. Ab solu te num bers (qua nt ified in 1 O randoml y selected 
microscopic fields at x 500 final magnification) of each inflammatory cell 
type in nasal polyps from six non-CF patients. 

epith elium than macro phages or lymph ocytes (see Fig. 
6). 

Macro phages we re the pre domin ant infla mm atory 
ce ll s detec ted in CF nasa l ti ss ues. T he mec hani sms 
und er lying the acc umul ation of macro phages are likely 
to invo lve various loca lly prod uced cytokines, inclu ding 
int erl euki n(IL)-8 and tum our necrosis factor -a , w hich 
are known to be increased in CF pat ients (Elborn and 
Shale, 1990; Inoue et al., 1994; Khan et al., 1995) . By 
th e act io n of sec reted cyto kin es, th e macrop hages 
partic ipate in coo rdin atio n of th e eve nt s invo lve d in 
tissue re pair and infl amm ation (Thompson et al., 1995) . 
It is not surprising to also note num ero us lymphocy tes, 
since dur ing infec tion, lymphocy te arrival coinc ides with 
that of macrophages. In ani mal models of pseudomo nas 
infect ion of the lung there is a close associat ion betwee n 
ac tivate d interstitia l macro ph ages and T lymph ocytes 
(Lapa e Silva et al., 1989). More T-lymph ocytes than B
lymph ocytes we re found in CF nasa l tissues, contras ting 
w ith prev ious findin gs in bronc hial CF (Azzawi et al., 
1992) . 

Neutrophils were more abund ant in CF than in non
CF polyps. On the contrary , eosi nophil s we re rare in CF 
nasa l tis ues (Azzaw i et al., 1992; Henderso n and Chi, 
1992; Wang et al., 1996) , while they we re abun dan! in 
non-CF polyps . Th ese opposite findin gs could be related 
to di ffe rences in the loca l cyto kin es network w ith an 
enhanced IL-8 produ ction attract ing neutrophils in CF as 
s how n in lowe r a ir ways ( Mc Elv aney et al. , 1992; 
Lev ine, 1995; Schu ste r et al. , 199 5) and an en hanced 
GM- CSF pro du ction attract ing eos inophil s in non-CF 
polyps (Ohn o et al., 199 1). 

Patholog ica l alterati ons of airway mu cosa , suc h as 
squamous metaplas ia or secretory hype rplasia have been 
fre quently reported in the lower respiratory tract of CF 
patients (Opp enh eimer, 1981). In this study, despi te an 
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Fig. 6. Means of absolute numbers of each inflammatory cel l types 
quantified in the epithelium and in the submucosa of the nasal polyps 
from twelve CF patients. 
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obvious inflammatory reaction , only few epithelial 
changes were noted in the nasal samples of CF patient s. 
Nasal and bronchial epithelial cells collected by 
brushing in CF patients were also found to be slightly 
modified by others (Danel et al. , 1996). By contras! , 
morphological alterations were frequently detected in the 
epithelium from non-CF polyps. These differences could 
be related to the higher numbers of eosinophils causing 
epithelium damages in non-CF polyps (Devalia et al. , 
1992). 

Using a monoclonal antibody to PCNA, we detected 
moderate numbers of proliferating epithelial cells in 
polyps from CF and non-CF patients. In bronchial 
segments from transplanted CF patients, an enhanced 
proliferation of airway epithelial cells in CF was 
demonstrated when compared to controls (Leigh et al., 
1995; Danel et al., 1996). The slight differences between 
the PCNA indices reported in this study compared to 
ours (17.0±4.6 % and 5.3±4.1, respectively), will more 
probably correspond to differences in the severity of the 
CF diseases than to differences between upper and Jower 
airways. Nethertheless, epithelial cell proliferation in 
polyps from CF and non-CF patients is increased when 
compared to nasal mucosa (Coste et al., 1996) . This 
increase in airway cell proliferation could reflect either 
an intense epithelial repair after injury, or a stimulation 
of proliferation by growth factors secreted by 
inflammatory cells (Jetten, 1991). Like Leigh et al. 
(1995), we noted that most of the PCNA-positive nuclei 
were adjacent to the basement membrane , suggesting 
that the dividing cells should be basal cells. Conversely, 
cells in the submucosa were rareJy PCNA-positive, even 
in the areas with intense inflammatory reaction 
suggesting that inflammatory cell accumulation is not 
related to local proliferation. 

Conventional evaluation of the airway inflammation 
in patients with CF is often based on clínica] or 
biological parameters which provide only indirect 
evidence of inflammation. Samples of the airway 
mucosa, allowing th e analysis of epithelial and 
inflammatory cell populations is the most direct 
approach to defining airway inflammation in CF. For the 
first time , this study precisely quantifíed the different 
inflammatory cell populations in the nasal mucosa of CF 
patients showing that macrophages and lymphocytes but 
not neutrophils were predominan!. Further studies are 
required to specify the mechanisms of cell recruitment 
and activation and the local role of each inflammatory 
cell type. In CF patients, the inflammatory response has 
generally been considered as a consequence of acute and 
chronic infection. However, in the lung , a recent study 
demonstrated that an inflammatory response was pres ent 
in infants with CF who were free from CF-related 
pathogens , supporting the hypothesis that inflammation 
could develop in CF airways without infection (Khan et 
al. , 1995) . Abnormal CFTR function associated with 
defective intracellular acidification could modify the 
metaboli.sm of airway epithelial cells and directly 
influence their role in inflammation (Barasch et al., 

1991 ). A better understanding of the pathogenesis of 
inflammation in CF airways even if the initiation and the 
regulation of the inflammatory response in CF are still 
poorly understood, could help to define new therapeutíc 
approaches preventing inflammation and tissue damage 
in CF patients. At the same time, in the context of the 
development of gene therapy , it could be interesting to 
evaluate epithelial proliferation of airway epithelium and 
its link with inflammation in patients with CF. 
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