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ABSTRACT

Objective: The nasal mucosal lymphocytes and 
nonlymphoid cells play a key role in the immune 
defence of the entire respiratory tract.

The purpose of this study is to detect lymphocytes 
and nonlymphoid cells in the nasal lavage of 25 
healthy adult by flow cytometric analysis and 
compare them with the cells in the peripheral blood.

Methods: We studied 25 healthy volunteer students 
who did not have any upper respiratory diseases. 
Nasal Lavage was performed by instilling 8 ml of
0.9% sterile saline solution, 4 ml in each nostril with 
the subject head tilted 30° backwards. Then, 
lymphocytes and nonlymphoid cells obtained from the 
nasal lavages were analysed flow cytometrically.

Results: The flow cytometric analyses of nasal 
lavages were as follows: T helper cell/T suppressor 
cell ratio 2:1, total monoclear cell/monocyte ratio 
11:1, T cell/B cell ratio 3.7:1, T cell/Natural killer cell 
ratio 5:1, T cell/active T cell ratio 5.8:1. The mean 
ratios were similar to the ratios of the peripheral blood 
(p<0.05).

Conclusion : Lymphoid and nonlymphoid cells which 
are present in the nasal mucosa play an important 
role in the inflammatory response and nasal lavage 
analysis reflects the immunoregulation of both nasal 
mucosa and peripheral blood. Therefore flow 
cytometric analysis of lymphocytes and nonlymphoid 
cells in nasal lavage is a very practical and an efficent 
technique in clinical practise.

Key W ords: Flow cytometry, nasal lavages, 
lymphocytes

INTRODUCTION

The nasal mucosal lymphocytes and nonlymphoid 
cells are regulatory and effector cells in the complex 
process of inflammatory responses (1). Also 
nonlymphoid cells, such as HLA -DR+ macrophages, 
could possibly play a role in immunoregulation by 
antigen uptake and its presentation to T lymphocytes
(2,3). Moreover, HLA-DR+ epithelial cells, present in 
the nasal mucosa, may activate CDg+ T lymphocytes
(4).

The availability of monoclonal antibodies againts 
lymphocyte surface antigens makes it possible to 
identify and quantify lymphocyte subpopuiations and 
nonlymphoid cells by immunohistochemical methods 
in the nasal mucosa (5).

Nasal lavage has been shown to be a useful tool in 
the study of inflammatory cells and their mediators in 
diseases affecting the nose (6,7). Several research 
groups are using nasal lavage to investigate the role 
of cells and mediators in allergic and nonallergic 
airway diseases.Different methods have been 
proposed to perform nasal lavage and a detailed 
morphologic identification of obtained cells has been 
described (8,9). Mucosal infiltration by T cells has 
been demonstrated in the upper airways of patients 
with rhinitis (1,10,11) but these cells were not 
detected in nasal lavage in the previous studies (6,7). 
In our study, lymphocytes and nonlymphoid cells 
obtained from nasal lavage of 25 healthy adults were 
analysed flow cytometrically. T helper cell to T 
suppressor cell ratio, T cell to B cell ratio, T cell to 
HLA-DR+ ratio, T cell to Natural killer cell ratio were 
calculated and these ratios were compared with the 
ratios of the cells in the peripheral blood. A profile of 
lymphoid and nonlymphoid cells of nasal lavage in 
healthy persons were obtained.
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MATERIALS AND METHODS

Subjects: We studied 25 healthy volunteer students 
(aged 18 to 24 years; mean age 20 years, 18 men 
and 7 women) who did not have any upper 
respiratory diseases such as nasal allergy, chronic 
sinusitis and common cold.

Nasal Lavage: Nasal lavage was performed by 
instilling 8 ml of 0.9% sterile saline solution, 4 ml in 
each nostril with the subject head tilted 30° 
backwards. Subjects were instucted neither to 
breathe nor to swallow for approximately 10 seconds 
during a valsalva maneuver and then to bend the 
head forward in order to collect the mixture of saline 
and nasal secretions. The liquid obtained was 
centrifuged (500g at 4° for 10 min) and a pipette was 
used to dissolve mucus plugs. Total cell counts were 
obtained by flow cytometric analysis as follows:

1- Supernatant was taken out; 20 jll of monoclonal 
anticors (double coloured coulter make) of CD3 / 
CD19, CD4 / CD8, CD3 / HLA-DR+, CD3 / CD16+56, 
were added into each tube. Than 250 (J.I of nasal 
secretion sample was added.

2- Incubating for 20 minutes at room temperature, the 
tubes were made ready for analyses by Coulter-Multi- 
Q-prep instrument.

3- Three different solutions were automatically added 
to each tube while analysing through Coulter-Multi-Q- 
prep instrument.

4- The first solution contained formic acid and the 
second solution was composed of sodium chloride, 
sodium carbonate, sodium sulphate which were used 
as stabilizers. But the third solution made up of 
paraformaldehyde was used as a buffer solution.

5- Following the treatment by Coulter-Multi-Q-prep 
instrument each tube was kept for 20 minutes at 
room temperature.

6- Than the solutions in each tube were flow 
cytometrically analysed and 10.000 cells were 
counted (Fig. 1).

Peripheral Blood Lymphocytes: Mononuclear cells 
and nonlymphoid cells obtained from the peripheral 
blood of subjects were purified by ficoll hypaque 
density gradient and analyzed by flow cytometry.

Statistical Analysis: All data were expressed as 
mean value standard deviation. The significance of 
the differences was determined by Mann-Whitney-U 
tests. A p value of less than 0.05 was considered to

be significant. A comparison of lymphocytes and 
nonlymphoid cells in nasal lavage was made with the 
cells in the peripheral blood. Statgraf 5.0 version 
statistical program was used in data analysis.

F ig .l:  A histogram of gated lymphoid cells. The x- 
and y axes represent cell labeling with antibodies 
directed towards the CD8 (suppressor T lymphocyte) 
and CD4 (helper T lymphocyte) antigens, 
respectively. The fluorescent compounds attached to 
the anti-CD and anti-CD8 antibodies emit lights of 
different wave length and color. Distinct populations 
of helper and suppressor T lymphocytes are 
identified in the upper left and lower right quadrants, 
respectively.

RESULTS

All participants had a normal distribution of 
lymphocyte subsets and their ratio in peripheral blood 
(Table I and Table II).

The mean ratio between helper and suppressor T 
lymphocytes in the nasal lavage were 2:1, this value 
was similar to the mean ratio of the cells in the 
peripheral blood. Number and distribution of 
lymphocyte and nonlymphoid cells and their ratio in 
the nasal lavage have been shown in Table III and IV.

194



Marmara Medical Journal Volume 10 No:4 October 1997

Table I. Number and distribution of peripheral blood lymphocytes

No Total cell Beeil T cell T helper T suppressor Natural killer cell
(CD19) (CD3) (CD4) (CD8) (c d 16 + 56)

Test 25 10.000 12.2±4.2 78.3±6.1 48.3±6.4 25.3±5.2 15.3±5.2
subjects
Normal
values

7.0±25.0 61.0±85.0 28.0±58.0 19.0±48.0 6.0±29.0

Table II. Lymphocyte subsets ratio in normal peripheral bood

T cell/Natural T helper cell/ T cell/B cell T cell/active Total mononuclear
killer cell T suppressor cell T cell cell/monocyte

(CD3/CD16 + 56) (CD4/CD8) (CD3/CD19) (CD3/HLADR+) (CD45/CD19)

Test subjects 6.2±2.2 1 9±0.6 4.9±1.8 5.4±1.8 10.2±2.4
Normal values 5.0±2.0 1.7±0.5 5.0±2.0 6.0±2.0 10.0±2.0

Table III. Number and distribution of lymphocytes and nonlymphoid cells in nasal lavage

No Total cell Beeil T cell T helper T suppressor Natural killer cell
(CD19) (CD3) (CD4) (CD8) (c d 16 + 56)

Test subjects 25 10.000 20.8±5.1 65.5±7.1 30.5+6.2 16.2+2.2 17.6±4.2

Table IV. Lymphocyte subsets ratio in nasal lavage

T cell / Natural 
killer cell

(CD3/CD16 + 56)

T helper cell /
T suppressor cell 

(CD4/CD8)

T cell / B cell 

(CD3/CD19)

T cell / Active 
T cell

(CD3/HLADR3)

Total mononuclear 
cell/monocyte 

(CD45/CD19)

Test
subjects

5.1 ±1.3 2.0±0.8 3.7±1.2 5.8±1.5 11,3±2.1
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DISCUSSION

The nose is the first line of defence of the airways 
and must be capable of excluding potentially 
damaging inhaled substances as quickly as possible. 
It is therefore understandable that neural reflexes, 
resulting in sneezing and rhinorrhoea, play a more 
important role in the nose than in the bronchi (12). 
Nasal discharge can have a multitude of sources, 
including nasal glands, goblet cells, plasma 
exudation, secretions from paranasal sinuses, tears, 
and condensed expired water. The glands are under 
the control of the parasympathetic nervous system, in 
contrast to the goblet cells in the surface epithelium 
which have a secretory mass estimated to be only 
2% of the glands. Traditionally, the substance blown 
out of allergic noses has been called secretion. 
However, its origin from submucosal glands has been 
questioned because plasma exudation has been 
demonstrated as a consistent consequence of 
allergic airways during inflammation (12,13). Plasma 
products are found in nasal surface fluid.

Lymphocytes are a normal cell population in the 
airway mucosa from the nose to the alveoli (14). The 
nasal intraepithelial lymphocytes probably play a key 
role in the immune defense of the entire respiratory 
tract. T and B lymphocytes which are regulatory and 
effector cells in the complex process of inflammatory 
responses, are found in the nasal mucosa (1). Also 
nonlymphoid cells, such as HLA-DR+ macrophages, 
have vital importance in the regulation of immune 
responses (3). Many HLA-DR+ expressing cells, such 
as macrophages, Langerhans cells, and dentritic 
cells, are known to be directly involved (15). In the 
airway epithelium of HLA-DR+ positive cells and T 
suppressor/cytotoxic cells and T helper / inducer cells 
in the surface epithelium could be a site for initiation 
of the immune response.

Such a hypothesis has been proposed by Brandtzaeg
(16), who also showed HLA-DR+ reactivity in human 
nasal epithelium. Poulter et al (17). have 
demonstrated that bronchoalveolar lavage may be an 
inappropriate sampling procedure for the

investigation of T-cell infiltration in the bronchial 
mucosa of asthmatic patients.

Although mucosal infiltration by T cells has been 
demonstrated in the upper airways of patients with 
rhinitis, these cells were not detected in nasal lavage 
in the previous studies (18). Different methods have 
been proposed to perform nasal lavage and a 
detailed morphologic identification of obtained cells 
has been described (6-8). Some problems are 
present in the analysis of cells obtained by nasal 
lavage such as mucus plugs. Interfering, in the 
assessment of total and differential cell counts, or 
broken cells may cause misintrepretation of the 
results. May-Grunwald-Giemsa (MGG) stain is a 
method to identify cells obtained by nasal lavage, 
however, macrophages or monocytes could not be 
detected by this method of cell identification (8). In 
our present study T lymphocytes, B lymphocytes, 
active T lymphocytes, Natural killer cells and their 
ratios in nasal lavage in healthy persons were 
studied. We compared these values with the 
lymphoid cells and lymphoid subsets ratios of normal 
nasal mucosa which was described by monoclonal 
antibody in a study with avidinbiotin 
immunperoxidase technique that was performed by 
Winther et al (Table V).

In our study, T lymphocyte distribution in peripheral 
blood and in nasal mucosa was similar to the results 
of Drexhage et al. (19) and Knutsen et al (20). In 
contrast to the study of Prat et al. (8) our study 
concludes that T cell infiltration in nasal mucosa is 
reflected by nasal lavage. Using flow cytometric 
analysis in a previous study, we showed the effect of 
topical corticosteroids on the distribution of T 
lymphoid cells in nasal lavage (21).

Lymphoid and nonlymhoid cells which are present in 
nasal mucosa play a big role in inflammatory 
response and nasal lavage analysis reflects the 
immunregulation of both nasal mucosa and 
peripheral blood. We suggest that flow cytometric 
analysis of lymphocytes and nonlymphoid cells in 
nasal lavage is a very practical and an efficient 
technique in clinical practice.

Table V. Comparison of the lymphoid subsets ratios of normal nasal mucosa and nasal lavage

T cell/Natural T helper cell/ T cell/B cell Total mononuclear
killer cell Tsuppressor cell cell/monocyte

(CD3/CD16 + 56) (CD4/CD8) (CD3/CD19) (CD45/CD19)

Nasal mucosa 4.8/1 2.5/1 3/1 10/1
Normal values 5.1 ±1.3 2.0±0.8 3.7±1.2 11,3±2.1

196



Marmara Medical Journal Volume 10 No:4 October 1997

REFERENCES

/ .  B ra d  d in g  P, F e a th e r  IH , W ils o n  S, e t  a l. 
Im m u n o lo c a liz a t io n  o f  c y to k in e s  in  th e  n a s a l 
m u c o s a  o f  n o rm a l a n d  p e re n n ia l r h in i t is  
su b je c ts . J  Im m u n o l 1 9 9 3 ; 151 ¡38 5 3 -3 86 5 .

2. P ow rie  F, C o ffm a n  RL. C y to k in e  re g u la tio n  o f  T 
c e l l  fu n c t io n .  P o te n t ia l  f o r  t h e ra p e u t ic  
in te rv e n tio n . Im m u n o l Today 19 9 3 ;14 :2 7 0 -2 7 4 .

3. M yg in d  f i.  H y p e rs e c re tio n  in  th e  a irw ays . In : 
A n d re w s  P, W id d ico m b e  J, eds. P a th o p h ys io lo gy  
o f  th e  G u t a n d  A irw ays. L o n d o n : P o rtla n d  Press, 
1 9 9 3 :4 7 -5 7 .

4. O tsuka  H, M ezow a A , O h n is h i K, O kuba  K, S e k i 
H, O ku d a  M. C hanges in  n a sa l m e ta c h ro m a tic  
c e lls  d u r in g  a lle rg e n  im m u n o th e ra p y . C lin  Exp  
A lle rg y  1 9 9 1 ;2 1 :1 1 5 -1 1 9 .

5. P a w a n ka r R, O ku d a  MA. C o m p a ra tiv e  s tu d y  o f  
th e  c h a ra c te r is t ic  o f  in tra e p ith e lia l a n d  la m in a  
p ro p r ia  ly m p h o c y te s  o f  th e  h u m a n  n a s a l 
m ucosa . A lle rg y  1 9 9 3 ;4 8 :9 9 -1 0 5 .

6. f ia c le r io  RM, M e rr ie r  HL, K agey-S obotka  A, e t  al. 
M e d ia to r  re le a s e  a f te r  a irw a y  c h a lle n g e  w ith  
a lle rgen . A m  Rev R e sp ir D is 1 9 8 3 ; 1 2 8 :5 9 7 -6 0 2 .

7. Lee  HS, M a jim a  Y, S a k a k u ra  Y, S h in o g i J, 
K a w a g u ch i S, K im  BW. Q u a n tita tiv e  c y to lo g y  o f  
n a s a l s e c re t io n s  u n d e r  v a r io u s  c o n d it io n s .  
Laryngoscope  19 9 3 ;1 0 3 :5 3 3 -5 3 7 .

8. P ra t J, X a u b e t A, M u llo l J, e t  al. Im m u n o c y to lo g ic  
ana lys is  o f  n a sa l c e ll o b ta in e d  b y  nasa l lavage: a 
c o m p a ra t iv e  s tu d y  w ith  a s ta n d a rd  m e th o d  o f  
c e ll id e n d if ic a tio n . A lle rg y  1 9 9 3 ;4 8 :5 8 7 -5 9 1 .

9. Lee HS, M a jim a  Y, S akaku ra  Y, e t  al. A te c h n iq u e  
fo r  q u a n tita tiv e  c y to lo g y  o f  n a sa l s e c re tio n s . E u r  
A rch  O to rh in o la ry n g o l 1 9 9 1 ;2 4 8 :4 0 6 -4 0 8 .

10. M asuyam a K, Rak S, Ja c o p s o n  MR, Low hagen  O, 
H a m id  Q, D u rh a m  SR. R h in it is  a t  th e  c e llu la r  
le ve l. E u r R e sp ir Rev 1 9 9 4 :2 0 :2 5 2 -2 5 5 .

11. O ku d a  M, P a w a n ka r R. F lo w  c y to m e tr ic  ana lys is  
o f  in t ra e p ith e l ia l  ly m p h o c y te s  in  th e  h u m a n  
n asa l m ucosa . A lle rg y  1 9 9 2 :4 7 :2 5 5 -2 5 9 .

12. M yg ind  H. P a th o p h ys io lo gy  o f  a lle rg ic  rh in itis . E u r  
R esp ir Rev 1 9 9 4 :2 0 :2 4 8 -2 5 1.

13. H o w a rth  PH. The  c e l lu la r  b a s is  f o r  a lle rg ic  
r ih in it is . A lle rg y  1 9 9 5 ;2 3 :6 -1 0 .

14. W in th e r B, In n e s  DJ, M ills  SE, M yg ind  H,■ Z ito  D, 
H a yd e n  FG. L y m p h o c y te  s u b s e ts  in  n o rm a l 
a irw a y  m u c o s a  o f  th e  h u m a n  n o se . A rc h  
O to la ryn g o l H ead H eck Surg 1 9 8 7 ;! 13:59-62.

15. F o kke n s  WJ, W room  TM, R ijn te s  E, M u ld e r PGH. 
F lu c tu a tio n  o f  th e  n u m b e r  o f  CD I a (T6)-Positive  
d e n d r it ic  ce lls , p re s u m a b ly  Langerhans 's  ce lls , in  
th e  n a sa l m u co sa  o f  p a tie n ts  w ith  is o la te d  grass- 
p o lle n  a lle rg y  b e fo re , d u r in g  a n d  a fte r  th e  grass- 
p o l le n  s e a s o n . J  A l le r g y  C lin  Im m u n o l  
1 9 8 9 ;8 4 :3 9 -4 3 .

16. B ra n d tza e g  P. lm m u n o  fu n c t io n  o f  th e  h u m a n  
n a sa l m u co sa  a n d  to n s il in  h e a lth  a n d  d isease. 
In : B e in e n s to c k  J, ed. Im m u n o lo g y  o f  th e  lung  
a n d  u p p e r  re s p ira to ry  trac t. H ew  York: Me Graw- 
H ill In te rn a tio n a l B o o k  Co, 1 9 8 4 :2 8 -9 5 .

17. P o u lte r  LW, H o rn 's  A, P o w e r C, C o n d e z  A, 
S c h m e k o l B, B u rk o  C. T c e l l  d o m in a te d  
in f la m m a to ry  r e a c t io n s  in  th e  b ro n c h i o f  
a s th m a t ic s  a re  n o t  r e f le c te d  in  m a tc h e d  
b ro n c h o a lv e o la r  lavage  s p e c im e n s . E u r R e sp ir J  
1 9 9 2 ;5 :1 8 2 -1 8 9 .

18. V a rney VA, J a c o p s o n  MR, S u d d e ric k  RM, e t al. 
Im m u n o h is to lo g y  o f  th e  n a sa l m uco sa  fo llo w in g  
a l le rg e n - in d u c e d  r h in i t is .  I d e n t i f ic a t io n  o f  
a c t iv a te d  T - ly m p h o c y te s ,  e o s in o p h i ls  a n d  
n e u tro p h ils . A m  Rev R e sp ir  D is  1 9 9 2 ,1 4 5 :1 7 0 -  
176.

19. D re xh a g e  HA, Van d e  P la sch e  EM, K o k je  M, 
L e e ze n b e rg  HA. A b n o rm a lit ie s  in  c e ll-m e d ia te d  
im m u n e  fu n c t io n s  to  H a e m o p h ilu s  in flu e n z a e  in  
c h ro n ic  p u r u le n t  in fe c t io n s  o f  th e  u p p e r  
re s p ira to ry  tra c t. C lin  Im m u n o l Im m u n o p a th o l 
1 9 8 3 ;2 8 :2 1 8 -2 2 8 .

20. K nu tse n  AP, S lav in  RG, R o o d m o n  ST, M u e lle r  KR, 
M a rin o  HL. D e c rea se d  T h e lp e r  c e ll fu n c t io n  in  
p a rie n ts  w ith  cys tic  f ib ro s is . In t  A rch  A lle rg y  A p p l 
Im m u n o l 1 9 8 8 ;8 5 :2 0 8 -2 1 2 .

21 . İş ık  A, S e re n  E, İm a m o ğ lu  M, T e k e lio ğ lu  Y. 
E ffe c ts  o f  to p ic a l c o r t ic o s te ro id  o n  ly m p h o id  
c e lls  in  n a sa l lavage. T u rk ish  J o u rn a l o f  M ed ica l 
Research. In  press.

197


