
Clinical and Experimental Rheumatology 2012; 30: 693-699.

NK cell populations in collagen vascular disease
D. Papakosta, K. Manika, G. Kyriazis, T. Kontakiotis, K. Zarogoulidis 

Department of Pneumonology, Aristotle University of Thessaloniki, G. Papanikolaou Hospital, 
Exohi, Thessaloniki, Greece. 

Abstract
Objectives

Pulmonary involvement of varying etiology is common in collagen vascular diseases (CVDs). Bronchoalveolar lavage fluid 
(BALF) cell differentials reveal information on the immune mechanisms involved in the CVDs. The aim of the present study 

was to evaluate BALF cell populations in CVD-associated ILD and to investigate possible correlation with pulmonary function.

Methods
Fifty-seven patients (26 male and 31 female, mean age ± SD: 54.68±12.18 years) with CVD-associated interstitial lung 
disease were studied. Patients were divided into 6 groups based on underlying CVD. The study population also included 
a group of 10 healthy controls. BALF was examined in all individuals. Cell density, total cell number and differential cell 

count were recorded. BALF lymphocyte subsets were analysed by dual flow cytometry. Pulmonary function was assessed in 
all patients.

Results
BALF differential cell count did not differ significantly among the different groups. Scleroderma patients showed the 

highest percentage of CD19 cells (p<0.001). The NK and NKT cell percentages were significantly higher in systemic lupus 
erythematosus and in Sjögren, respectively, compared to other CVDs and controls (p=0.001 and p<0.001). Also BALF 

neutrophil percentage correlated negatively with FVC (r=-0.356, p=0.011) and FEV1 (r=-0.336, p=0.017) and BALF NKT 
cell percentage correlated negatively with pO2 (r=-0.415, p=0.003).

Conclusion
Important variations observed in BALF cell populations suggest the implication of NK and NKT cells in the pathogenesis 

of lung involvement in CVDs. 
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Introduction
Collagen vascular diseases (CVDs) in-
clude a group of heterogeneous disor-
ders characterised by immune-mediated 
involvement of various organs. Pulmo-
nary complications are common during 
the course of CVDs either as a result of 
the immune process which often leads 
to interstitial lung disease or because 
of infection or drug toxicity. Lung in-
volvement ranges from trivial to life 
threatening and is a common cause of 
morbidity and death in CVDs (1, 2). 
The assessment of a CVD-associated 
interstitial lung disease (ILD) is chal-
lenging, since many issues arise. Two 
or more clinical entities may coexist in 
the same patient. Another issue is sub-
clinical alveolitis detected by sensitive 
diagnostic procedures such as high-res-
olution computed tomography (HRCT) 
and bronchoalveolar lavage (BAL) (3). 
Furthermore, the severity of symptoms 
in a patient with CVD-associated ILD 
is variable and not always correlated to 
pulmonary function (3).
BAL is a safe and minimally invasive 
procedure, used for the diagnosis of 
ILDs (4). Bronchoalveolar lavage fluid 
(BALF) cell differentials reveal infor-
mation on the immune mechanisms 
involved in the CVDs as well as on 
the progression of lung involvement 
from inflammation to fibrosis. BALF 
may also detect subclinical alveolitis 
and provide significant information in 
case of alveolar haemorrhage, alveolar 
proteinosis, infection or drug-induced 
ILD (1, 3, 5). Moreover, BALF seems 
to have a prognostic value, since pa-
tients with lymphocytic alveolitis have 
been found to stabilise or improve 
with corticosteroids. On the contrary, 
symptomatic patients with neutrophilic 
alveolitis, with or without increased 
eosinophils exhibit rapid disease pro-
gression (5).
In several CVDs, such as rheumatoid 
arthritis and Sjögren’s syndrome, a 
subclinical lymphocytic alveolitis fre-
quently precedes neutrophilic alveoli-
tis present when chest x-ray manifes-
tations confirm lung involvement (5). 
The CD4/CD8 ratio may be variable. 
In the setting of lymphocytic alveoli-
tis, usually CD4 are the dominant cell 
population in subclinical cases, where-

as CD8 seem to predominate in estab-
lished CVD-associated ILD (1). Low 
peripheral blood NK cell number and 
activity have been found in CVDs (6, 
7). In addition, NKT cells, which are 
important regulatory cells of auto-im-
munity, seem to be reduced in number 
and defective in function in the above 
disorders (8, 9, 10). The aim of the 
present study was to evaluate BALF 
cell populations in CVD-associated 
ILD. Also a possible correlation with 
pulmonary function was investigated.

Patients
Fifty-seven patients (26 male and 31 
female, mean age±SD: 54.68±12.18 
years) with CVD-associated ILD ad-
mitted to the Pulmonary Department, 
Aristotle University of Thessaloniki 
were studied. Patients were exam-
ined for investigation of pulmonary 
involvement of a known CVD or for 
initial CVD diagnosis. Patients were 
divided into 6 groups based on under-
lying CVD. Seventeen patients suf-
fered from rheumatoid arthritis (RA) 
diagnosed according to the American 
Rheumatism Association criteria (11). 
Eight patients suffered from systemic 
sclerosis (SSc), 8 patients from sys-
temic lupus erythematosus (SLE) and 7 
patients from and Sjögren’s syndrome 
(SS) based on international guidelines 
(12-15). Six patients suffered from We-
gener’s granulomatosis (WG) based on 
the American College of Rheumatol-
ogy criteria (16) and the presence of 
c-ANCA. Eleven patients who did not 
meet the criteria for a specific CVD 
were classified as undifferentiated and 
were included in a separate group. The 
majority of patients were untreated 
except for five patients (2 with RA, 2 
with SLE and 1 with SSc) who were 
treated with immunosuppressive drugs 
(prednisone and cyclophosphamide). 
The study population also included a 
group of 10 healthy controls (4 male 
and 6 female, mean age±SD 52.6±19.1 
years). Controls were individuals with 
normal radiographic findings and pul-
monary function tests who were sub-
mitted to bronchoscopy and BAL for 
the investigation of chronic cough. 
These individuals were followed up 
for a period of at least 3 months and 
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their cough was attributed to extra-pul-
monary causes. Approval was obtained 
from the Hospital’s Ethics Committee 
and all patients and controls gave their 
informed consent. Individual demo-
graphics are presented in Table I. Res-
piratory symptoms and HRCT findings 
were recorded for all patients. 

Methods
Pulmonary function tests (PFTs)
Pulmonary function was assessed by an 
electronic spirometer (Master Screen 
PFT, Jaeger, Hoechberg, Germany). 
Forced vital capacity % (FVC), forced 
expiratory volume in 1 second % 
(FEV1), total lung capacity % (TLC), 
and diffusion capacity % (by the single 
breath method) were measured. Two 
valid measurements for each parameter 
were obtained, and the highest was re-
corded. Predicted values of the Ameri-
can Thoracic Society criteria were used 
(17). Arterial pO2 and pCO2 were also 
measured by ABL 510 Radiometer (Co-
penhagen, Denmark).

Bronchoalveolar lavage
BAL was performed in areas of lung pa-
renchyma exhibiting the most marked 
infiltrations on HRCT (guided BAL), 
by an Olympus BF XT40 6.2 mm flex-
ible fiberoptic bronchoscope. Two hun-
dred mL of sterile phosphate buffered 
saline solution 37°C were used, divided 
in 4 portions of 50 mL, which were as-
pirated gently after each administration 
(18). After evaluation of the total vol-
ume of recovered BALF and filtration 
of the fluid through two layers of ster-
ile gauze, cell density was determined 
on the unconcentrated lavage fluid by 
a Malassez haemocytometer. Differen-
tial cell count was determined by cy-
tological examination of at least 500 
cells after centrifugation in a cytospin 
(Shandon) and May-Grünwald-Giemsa 
staining. Cell density (cells/ml) total 
cell number (cells x 106) and differen-
tial cell count were recorded for every 
patient. The rest of BALF was centri-
fuged at 400g for 10 min and the pellet 
was processed for lymphocyte subset 
determination. All BALF were ana-
lysed at the time of processing and only 
technically appropriate BALF were 
retrospectively reviewed.

Flow cytometry
BALF lymphocyte subsets were ana-
lysed by dual flow cytometry (FACSs-
can, Becton-Dickinson Inc, USA). The 
subsets studied were CD3+, CD4+, 
CD8+, CD19+ CD3-CD16/56+ and 
CD3+CD16/56+. BALF cells were 
double stained with fluorescein iso-
thiocyanate (FITC)-conjugated anti-
CD3 and phycoerythrin (PE)-conju-
gated anti-CD19 to determine T- and 
B-cells, FITC-conjugated anti-CD3 
and PE-conjugated anti-CD4 to deter-
mine helper T-cells, FITC-conjugated 
anti-CD3 and PE-conjugated anti-CD8 
to determine suppressor/cytotoxic T-
cells and FITC-conjugated anti-CD3 
and PE-conjugated anti-CD16/56 to 
differentiate NKT (CD3+CD16/56+) 
from NK-cells (CD3-CD16/56+). All 
antibodies were supplied by Becton-
Dickinson Inc, USA. More than 5000 
cells were analysed. All cells examined 
came from the lymphocyte region. The 
values were expressed as a percentage 
of lymphocytes.

Statistical analysis
All data are expressed as mean±SD. 
Biostatistical analysis was performed 
using SPSS for Windows release 17.0.1 
(Standard version, SPSS Inc). Paramet-
ric variables were compared by analy-

sis of variance (one-way ANOVA). 
Bonferoni adjustment was performed 
in order to correct the significant dif-
ferences among multiple compari-
sons. For multiple comparisons among 
BALF cell types and lymphocyte sub-
sets, the Pearson’s bivariate correlation 
coefficient was calculated. Bonferoni 
adjustment for an alpha level of 0.05 
for 4 tests was lowered to 0.0125. 

Results
Forty out of 57 patients (70.2%) with 
CVD-associated ILD presented with 
respiratory symptoms. The main symp-
toms were dyspnea mainly on exertion 
(22 patients), dry cough (15 patients), 
haemoptysis (4 patients) and chest pain 
(2 patients). The remaining 15 patients 
(26.3%) had no respiratory complaints 
and the ILD was diagnosed by imag-
ing techniques. The commonest HRCT 
findings were alveolar infiltrations, 
consolidation, ground glass areas, 
pleural effusion, nodules, reticulation 
and honeycombing. Patients’ symp-
toms and HRCT findings are presented 
in Table II. 
In PFTs, patients exhibited a restrictive 
defect with reduced DLCO. Statisti-
cally significant differences in pulmo-
nary function parameters were observed 
among different groups (Table III). 

Table I. Patients’ demographics. 

Disease n M F Age

RA 17 6 11                              57.4± 8.8
SSc 8 0 8                              57.2±7
SLE 8 4 4                             53.3±15.3
SS 7 3 4                             47.8±13.7
WG 6 5 1                             55.5±8.8
UnDif 11 8 3                             57.8±18.7
Controls 10 4 6                             52.6±19.1

n: number; M: male; F: female; RA: rheumatoid arthritis; SSc: systemic sclerosis; SLE: systemic      
lupus erythematosus; SS: Sjögren’s syndrome; WG: Wegener’s granulomatosis; UnDif: undifferenti-
ated CVD.

Table II. Patients’ symptoms and HRCT findings.

Disease Main symptoms Main HRCT findings

RA cough, dyspnea fibrosis, infiltrations
SSc dyspnea, cough fibrosis
SLE dyspnea, cough   effusion, infiltrations
SS dyspnea fibrosis
WG cough, haemoptysis nodules

RA: rheumatoid arthritis; SSc: systemic sclerosis; SLE: systemic lupus erythematosus; SS: Sjögren’s 
syndrome; WG: Wegener’s granulomatosis.
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BALF differential cell count data and 
lymphocyte subsets are presented in 
Tables IV and V. BALF differential cell 
count did not differ significantly among 
different groups. On the contrary, statis-
tically significant differences in BALF 
lymphocyte subsets were observed. 
SSc patients showed the highest value 
of CD19 cells, which was significantly 
higher than all groups of patients and 
controls (SSc vs. RA: p=0.005, vs. SS: 
p=0.004, vs. SLE: p<0.001, vs. UnDif: 
p<0.001 and vs. controls: p=0.01). 
In addition, all CVDs except for SS 

showed a low CD4/CD8 ratio. The 
NK cell percentage was significantly 
higher in SLE than other CVD groups 
and controls (SLE vs. RA: p=0.01, vs. 
SSc: p=0.02, vs. SS: p<0.001, vs. WG: 
p=0.02 and vs. controls: p=0.05). The 
NKT cell percentage was significantly 
higher in SS than other CVD groups 
and controls (SS vs. RA: p<0,001, 
vs. SSc: p<0.001, vs. SLE: p<0.001, 
vs. WG: p=0.01, vs. UnDif: p<0.001 
and vs. controls: p<0.001). The fol-
lowing correlations were observed. 
The percentage of BALF neutrophils 

correlated negatively with FVC (r=-
0.356, p=0.011) and FEV1 (r=-0.336, 
p=0.017). The percentage of BALF 
NKT (r=-0.415, p=0.003) correlated 
negatively with pO2 (Figs. 1, 2).

Discussion 
Detection of pulmonary involvement 
is of great importance for the progno-
sis of CVDs (19). In the present study, 
BALF findings of patients with CVD-
associated ILD were analysed. Impor-
tant differences were observed in lym-
phocyte subsets and more specifically 
in CD19, NK, NKT cell percentages 
and CD4/CD8 ratio. The most interest-
ing observation was that SLE exhibited 
the highest NK cell percentage and SS 
the highest NKT cell percentage com-
pared to other CVDs and controls. 
All patients presented HRCT evidence 
of ILD and frequently fibrosis. How-
ever, one third of the patients did not 
complain of any respiratory symptoms. 
As expected (2), patients exhibited a re-
strictive pattern in pulmonary function 
and reduced DLCO and pO2. Moreover, 
correlations between BALF findings 
and respiratory function were found.
A neutrophilic alveolitis (>4%) was ob-
served in all CVDs. Mildly increased 
BALF lymphocytes were observed 
in RA. No significant lymphocytosis 
consistent with drug-induced ILD was 
observed in the very small number of 
treated patients. Increased BALF neu-
trophils and eosinophils and increased 
lymphocytes in RA have been previ-
ously reported in several studies (5, 
20). An absence of lymphocytosis 
was observed in SS patients in con-
trast with previous reports (5). This 
finding might be explained by the fact 
that SS was mainly secondary to fi-
brotic RA. No significant differences 
in BALF differential cell count among 
different CVDs were observed in this 
study. A considerable overlap was de-
tected among CVDs both in the present 
and in previous studies (5). Increased 
number of neutrophils and eosinophils 
is correlated to ongoing fibrosis and 
subsequently to worse prognosis (19). 
Nevertheless, alveolitis cannot predict 
patients more likely to benefit from 
treatment (21). Negative correlations 
have already been reported between 

Table III. Pulmonary function tests.

Disease FEV1 (%) FVC(%) TLC (%) DLCO (%) pO2 pCO2

RA 82.3 ± 13.1 78.3 ± 12.4 60.6 ± 17.4 88.4 ± 18.1 78.9 ± 8.7 36.7 ± 3.8
SSc 70.4 ± 3 66.5 ± 11.2 64.5 ± 2.5 71.8 ± 9.9 68.2 ± 8.1 40.5 ± 2.5
SLE 51.8 ± 4.8 54.7 ± 6 47.8 ± 3.3 50.2 ± 2.9 68.2 ± 6,3 36,2 ± 4
SS 61.5 ± 1 61 ± 0.8 84 ± 11.2 44 ± 10.7 48.5 ± 1.3 44.5 ± 4.2
WG 86.5 ± 25.5 83.6 ± 21.3 70 ± 15.4 77.4 ± 22 69.7 ± 2.4 35.3 ± 4.8
UnDif 60.8 ± 5.2 64.3 ± 11.6 67.7 ± 14.7 69.6 ± 18.6 69.6 ± 9.7 36.5 ± 4,4
ANOVA p<0.001 p<0.001 p=0.005 p<0.001 p<0.001 p=0.001

RA: rheumatoid arthritis; SSc: systemic sclerosis; SLE: systemic lupus erythematosus; SS: Sjögren’s 
syndrome; WG: Wegener’s granulomatosis; UnDif: undifferentiated CVD.

Table IV. Differential cell count.

Disease Macrophages  Lymphocytes  Neutrophils  Eosinophils 

RA 69.5 ± 21.5 17.1 ± 18.2 11.4 ± 16.9 2.2 ± 3.7
SSc 77.7 ± 6.3 7.5 ± 6.1 11.9 ± 17.2 2.6 ± 2
SLE 71.5 ± 17.2 12.2 ± 9.9 14 ± 12.9 2.1 ± 4.4
SS 82.3 ± 18.5 8.3 ± 3.3 6 ± 9.4 3.4 ± 5.8
WG 84.2 ± 12.4 8.2 ± 7.9 8.3 ± 13.2 0.9 ± 1.6
UnDif 80.5 ± 12.1 6.3 ± 3.7 11.6 ± 12.5 2.2 ± 4.4
Controls 80 ± 6.6 14.7 ± 6.1 3.5 ± 1.8 0.5 ± 0.7
ANOVA p=0.310 p=0.203 p=0.643 p=0.778

RA: rheumatoid arthritis; SSc: systemic sclerosis; SLE: systemic lupus erythematosus; SS: Sjögren’s 
syndrome; WG: Wegener’s granulomatosis; UnDif: undifferentiated CVD.

Table V. Lymphocyte subsets.

Disease CD3 CD19 NK CD4/CD8 NKT

RA 92.9 ± 4.2 2.7 ± 2.1 5.3 ± 2.8 1.3 ± 0.9 4.4 ± 1.6
SSc 89.5 ± 1.9  5.4 ± 3.1* 4.7 ± 1.8 0.8 ± 0.3 4.2 ± 2.8
SLE 88.8 ± 6.1 0.5 ± 0.5  10.4 ± 6† 0.8 ± 0.4 4.4 ± 1
SS 97.5 ± 0.6 1.1 ± 0.3 1.5 ± 0.4 2.8 ± 1.8 21.8 ± 18.1*

WG 92.7 ± 2 2.9 ± 1 4.3 ± 2.2 0.4 ± 0.4* 10.2 ± 4.1
UnDif 91.6 ± 3.3 1.3 ± 0.5 7 ± 2.8 0.8 ± 0.3 3.1 ± 1.6
Controls 92.1 ± 2.6 2.3 ± 1.6 5.6 ± 1.9 1.9 ± 0.5 3.2 ± 3.8
ANOVA p=0.011 p<0.001 p=0.001 p<0.001 p<0.001

CD3: T-lymphocytes (% total lymphocytes); CD19: B-lymphocytes (% total lymphocytes); NK: NK 
cells (% total lymphocytes); NKT: NKT cells (% T-lymphocytes); nd: not done; RA: rheumatoid ar-
thritis; SSc: systemic sclerosis; SLE: systemic lupus erythematosus; SS: Sjögren’s syndrome; WG: 
Wegener’s granulomatosis; UnDif: undifferentiated CVD. *p<0.05 vs. controls, †p=0.05 vs. controls.
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pulmonary function parameters such 
as FVC and DLCO and BALF neu-
trophils, lymphocytes (including CD8) 
and eosinophils (5, 19, 22, 23, 24). In 

the present study, BALF neutrophils 
correlated negatively with pulmonary 
function, a fact also observed in previ-
ous reports (22, 23, 25).

BALF T-lymphocyte percentage (CD3) 
was high whereas B-lymphocyte per-
centage (CD19) was low in all CVDs 
and controls, as reported in the lit-
erature (18). SSc patients presented 
with a CD19 percentage significantly 
higher compared to the groups studied. 
This finding could be attributed to the 
role of B-cells in the evolution of fi-
brosis, although data on B-cells in SSc 
are scarce. B-cells are currently under 
investigation as therapeutic targets in 
SSc (26, 27). CD8 lymphocyte pre-
dominance in CVDs has been observed 
in previous studies (5, 23, 28). BALF 
CD8 cells were related to fibrotic lung 
pattern in various CVDs (29). In the 
present study, a reduced CD4/CD8 ra-
tio was observed in all CVDs with the 
exception of SS. 
The most important finding of the 
present study is the significant differ-
ence of NK cell populations among 
different CVDs. Patients with SLE 
exhibited higher NK cells compared to 
other CVDs and controls. BALF NK 
cell population is low and its activ-
ity varies in healthy individuals (30). 
There are very few reports in the liter-
ature concerning NK cell populations 
in CVDs. NK cell number and activity 
have been found reduced in CVDs in 
peripheral blood (6, 7, 31). NK cells 
have been shown to participate in the 
initiation of autoimmunity (32). Gud-
bjornsson et al. have studied BALF 
NK cells in SSc and primary SS and 
found no differences between the two 
diseases (20). A negative correlation 
between BALF NK cell number and 
DLCO has been reported in SLE (24). 
In the present study, it is worth men-
tioning that the significant increase of 
NK cells in SLE was observed despite 
the limited number of SLE patients. 
This finding is compatible with the 
role of NK cells in regulation of au-
toimmunity in SLE.   
Another interesting finding of the 
present study is the difference of BALF 
NKT cell population among CVDs. 
Patients with SS exhibited the high-
est NKT cell percentage compared to 
other CVDs and controls. A negative 
correlation between BALF NKT cells 
and pO2 was also observed. NKT cells 
participate in various kinds of immu-

Fig. 1. Correlation between pulmonary function (FVC and FEV1) and BALF neutrophil percentage.

Fig. 2. Correlation between arterial pO2 and BALF NKT cell percentage.
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noregulation due to a potent ability to 
produce various cytokines (8, 9, 10, 33, 
34). Although this capacity is benefi-
cial in combating environmental path-
ogens, NKT cells could play a delete-
rious role in autoimmunity by produc-
ing disease-promoting cytokines (35). 
Alterations in both NKT number and 
activity in peripheral blood have been 
observed in SSc, SLE, RA and WG (9, 
10, 36, 37, 38, 39). Importantly, ac-
cording to recent studies, NKT cells 
could be used as therapeutic targets 
in different CVDs (37, 40). The cor-
relation between BALF NKT cells and 
pO2 found in the present study could 
be attributed to an increased activity in 
the lung implicating their involvement 
in the pathogenesis of lung damage in 
CVDs. 
Very few data exist on BALF NK and 
NKT cells in various ILDs. NK and 
NKT cell populations have been im-
plicated in the pathogenesis of vari-
ous pulmonary disorders, such as IPF 
(41, 42), hypersensitivity pneumo-
nitis (43), eosinophilic pneumonia 
(44) and sarcoidoisis (41, 45). More 
specifically, in sarcoidosis NK and 
NKT cells were increased in more ad-
vanced stages implicating an excess 
of cytotoxic activity associated with 
stage progression and fibrosis (45). 
Moreover, it is important to mention 
that also in this study all SS patients 
presented with advanced stage disease 
and fibrosis indicating that increased 
NKT cells might be implicated in the 
fibrotic procedure.
Very few studies have focused on 
BALF NK and NKT cells in patients 
with CVDs. According to the present 
study, the above cells seem to par-
ticipate in the immune response in the 
lung. More studies in BALF are needed 
to verify cell function in CVD-associ-
ated ILD and to clarify the role of NK 
cell populations in disease prognosis. 
An even more interesting perspective 
would be a possible therapeutic inter-
vention through these cell types, before 
the establishment of pulmonary fibro-
sis. Until the pathogenetic mechanisms 
of CVDs are fully clarified BAL will 
remain a useful tool for the investiga-
tion of the underlying lung inflamma-
tion and fibrosis.
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