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There are different types of migrating cells in the cpithelial compartment
of the nasal mucosa which are supposed to play a defensive role. OF these cells
the lymphocytes are the most predominant in the nose as well as the

estine. We have, for the first time, examined the
population of various phenotypes of nasal intracpithelial ymphocytes by
2-color flow cytometry to elucidate their role. Cytotoxicity
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traepithelial lymphocytes (IEL) has been of interest
to many researchers, particularly the IEL of the in-
testine (ilEL). However, documentation of 1EL in
the nasal mucosa (nTEL) is limited, not detailed (only
immunohistochemical studies of B cells and CD;
and CDy cells) and controversial in result (CDy
cells are predominant in some, while not in others)
(3,5.9, 14, 16).
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These studies of nlEL by means of immunohisto-
chemical techniques had problems regarding obser-
vation and quantitative analysis, since nlE f
and unevenly distributed in thin histological sections
of the nasal mucosa and the epithelial layer, the
site for nlEL, is sometimes not visualized due to
inadequate angle during histological sectioning, or
damaged by biopsy. Negatively stained lymphocytes
were not identified by this technique.

Recently, flow cytometry (FCM) has been intro-
duced and used for analysis of lymphocyte subsets.
This should be useful for analyzing the phenotypes
of nlEL.

In the present study we examined the population
of different subsets of nIEL, i.e. cytotoxic T (Tc),
suppressor T (Ts), helper T (Th), inducer T (Ti), of
receptor bearing T (afT), ¥ receptor bearing T
(v8T), activated T (aT), natural killer cell (NK),
CDy killer cell (K) by means of 2-color FCM. To
our knowledge, this is the first paper to reveal the
population of various phenotypes of nIEL by FCM.

Material and Methods

For CDy cell and CD; cell examinations the sub-
jects used were a group of 26 patients (10 with allergy
to house dust and 16 non-allergy patients). The av-
erage age was 37.3 and the malc to female ratio was
1:1. In another group, 13 subjects (4 with allergy to
house dust and 9 non-allergy patients) were also
examined for T cell receptor (TCR).

Collection of specimens by conchotomy was not
possible in normal individuals for ethical reasons.

Picces of the mucosa of the inferior turbinate of
the nose, approximately 2 x 3 cm in size, were col-
lected under general anesthesia from patients with

Table 1. Cell types, surface antigens and monoclonal antibodies used in 2-color/single color flow cytometry

allergic and non-allergic (infectious) hypertrophic
rhinitis undergoing conchotomy, washed with phos-
phate buffered saline (PBS) containing fetal calf
serum (FCS) 5%, and antibiotics/antimycotics, and
then the epithelial layer was scraped out by scratch-
ing the surface with a sterile surgical curette.

Nasal scrapings thus obtained were dissociated in
10 ml of PBS (Wako Junyaku, Japan) containing
I mM dithioerythritol (Sigma, USA) by gentle stir-
ring with a magnetic stirrer for 10 min as described
by Guy-Grand et al. (2). After centrifugation at 400 g
for 10 min, the cell pellet was dispersed and cultured
in RPMI 1640 (Gibco, Scotland) containing
NaHCO;, 25 mM/ml HEPES, I ng/ml phorbol-12-
myristate 13-acetate, PMA (Sigma, USA), 1%
antibiotics/antimycotics (Gibco, Scotland), 10%;
FCS (Gibco, Scotland), 20 ng/ml monoclonal anti-
body (mAb) against CD, (OKT3, Ortho Diagnos-
tics, USA) in the wells of an incubation plate in 5%
CO, incubator at 37°C, 100%, humidity for 72 h.
After culture, we examined the cell types by May-
Grunwald-Giemsa staining and counted the viable
Iymphocytes by the trypan blue exclusion test (6).
Viable cells were only lymphocytes and epithelial
cells. The ratio of lymphocytes to epithelial cells was
3 and the average number of lymphocytes was
1.3 % 10°/ml.

We also examined different phenotypes of lym-
phocytes and NK by 2-color FCM. Fluorescein
isothiocyanate (FITC) and phycoerythrin  (PE)
labeled mAbs used are as listed, together with cell
types, surface antigens of lymphocytes and sources
of mAbs in Table 1. Abbreviations of terms are also
shown in Table 1.

The cultured cell suspensions were incubated in
the mixture of each 2 labeled mAbs on ice for 1 h and

Cell types Surface antigens mAbs Sources
.

Pan T {Egi’) Levs 8

Pan B o Lev-16 BD

Helper/inducer T cell (Thfil :ggi; (cD, A~ Leuda BD

Heper T cel (Th) sl mes;“ ! Leudal2H, B0/Couler

Helper inducer T el (Thi) recim I Leu3alaB, 8D/Coulter

Suppressor inducer T cel (Tsi prectietl Leu2a/2H, 8/Coulter

Suppressor/cytotoic T cell {Ts/c} (wﬁ,] o) Leu2a

Suppressor T cellTs) (") Lewza/Mot B/Coulter

Cytotoxic T cell {Te) ( cnﬁ) (H\J‘\V-DR’) Leu2a/Mol 80/Coulter

Actvated T cell neper/inducer] aTih/) O IHLADR LeuBa/HADR 80

Activaed T el {suppressor/cytotoxic T (s/c) P Le2a/HLA DR 8

3 T receptor bearing T cell (4T) ( yo pch (f‘T % Leu2a/Leu3a/TCR-1 8

3T receptor bearing T cell (45T) prac )" Leu2a/Leu3a/TCRD1 Teel Science

Natural il cell K} @) Leut1/Leu? Y

Cytotoric T cel (K] o 1 LeuZafLeu? 8

BD: Becton-Dickinson.
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then, after washing with PBS, were analyzed in a
FACScan (FCM-1D, Nihon Bunko, Japan). Light
scatler gates were set to exclude dead cells, cell de-
and epithelial cells.

Mononuclear cells were also purified from the peri-
pheral blood of 7 normal persons by means of dif-
ferential centrifugation using Lymphorep (Daiichi
Kagaku, Japan) (1) and were analyzed by FCM im-
mediately and after culturing for 72 h to examine the
effect of cell culture on the population of phenotypes.

br

Results

The ratio of CD;" cells to CDy;, cells was 10.9 in the
average of 3 subjects (12.2, 9.2 and 11.5 respec-
tively) suggesting that the majority of cells examined
were CD;" T cells.

The average ratio of CD; cells to CDy" cells was
0.60 with no difference between allergy (0.64 +0.50)
and non-allergy (0.67 +0.50) patients. This sug-
gested that CD cells are predominant in nIEL. On
the other hand, CDg CD; cells (double negative T
cells) were more numerous than CD{ and CD/
cells. Double positive cells were almost nil (Table 2).

The majority of CDy cells were CDy; cells (pos-
sibly Tc) and that of CD;” cells 2H4 ™ cells (possi-
bly Th). CD;4B4" cells (possibly Thi) and
CD; 2H4" cells (possibly Tsi) were comparable in
number.

CD; HLA -~ DR™ cells (possibly activated Th/i)
were 21.5+25.8% of total CD; cells and
CDy HLA- DR™ celfs (possibly activated Ts/c)
were 26.7+ 19.6%, of total CD, cells in the 7 pa-
tients examined.

T-cell subsets were also examined from the point
of view of T-cell receptor (TCR) in 13 patients. The
ratio of ap T cells to ¥ T cells in total number of

Table 2. T cell subsets of cultured nasal intraepithelial lymphocytes

Subpopulation
T
€0 cdls T 25.3419.3% (n=7)
37.3416.7% *
{n=26) To 74.7419.3% (n=7) =
" o
00y ocls ™ 74.9420.4% (n=T)—)
21.0£132% = 8
(n=26) NS A 25.0£20.4% (1=T)—
- [T 1594 7.9% (1=6) 3y
7% (=6}
€D;CD; cells Tsi 12.7412.7% (o=
416+18.2%
{n=26)

€D;CD; cells
fil (1=4)
€D cel/CD; colls atio 0.60+0.51 [n=26).

*p<0.05, ** p<0.01.

ic analysis of i
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cells was 2.2 + 3.2, suggesting the predominance of
afT cells. The percentage of afCD; T cells was
5.4+6.5% and of afCDyg Tcells 7.1 + 10.79;, while
that of ¥8 T cells was less than 1.0%, in CD¢ and
CD; cells. However, in double negative T cells, y3
T cells were more numerous than in CD; cells and
CDy cells, while BT cells were fewer (Table 3).

CDjLeu7™ cells (possibly NK) and CDy -
Leu7 " cells (possibly K) were also found in small
percentages of the total cells (2.7+1.1% and
3.7 +3.29, respectively) in 7 patients.

To confirm the effect of cell culture on the lym-
phocyte subsets we examined the peripheral blood
lymphocytes before and after culture. The change is
expressed as the ratio of after/before culture, and
significant change was seen only in y3T (0.48) and
Ts (0.53) which were reduced after culture, and aT
which increased S to 6 times. The rest of the subsets
had more or less the same values even after culture
(Table 4).

Discussion

We examined the different phenotypes of nlEL by
FCM with no difficulty in cell identification and
quantitative analysis. However, the problem with the
present analysis by FCM was that the specimens
contained insufficient numbers of nlEL. Therefore,
it was essential to increase the number of lympho-
cytes by cell culture for FCM analysis, though cell
culture would possibly change the population of each
phenotype.

The present method of cell culture increased the
number of aT cells in peripheral blood suggesting
that aT cells of nlEL also increased after culture.
However, the percentage of aT cells in nIEL was
found to be small, approxlmalclv 25% Pre\'iousl\'
using immunohistochemical tect \ ve d
nlEL subsets in nasal scrapings at light and electron

Table 3. o and 73 Receptor bearing T cels in cultured nasal intraepithelial lymphocytes

Percentages in
total celf
Py w7
Total T cells -
€D cells 54465 08+13
CD; cells 714107 1.0£1.0
CD;CD; cels 07507 18826 1741
- NS

Ratios of 410 T el for €D, cells and CD{ cells could not be calculated because 13

T cells were practically il
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Table 4. Changes in the population of blood lymphocyte subsets after culture

Cg‘, CE:: 0.85+0.12
€0y cel 12740.11
€0, €D, cell
€; /Dy cel 0964029
Ratio: 02/ 066£0.09
Ts 053022
To 1084002
™ 0744022
Ti 1314032
Thi 1074038
Tsi 1364052
aThfi 6.60£6.87
aTsh 544335
s 04840.35
n 1074062
B gg “:: 10740.11
o 0.9840.12
Toal 5p T 1.0550.05
Toul 16 T 0.48+0.08

Figures are oxpressed as the ratio after/before culture in 7 pais (+SD).

microscopy levels and found that CDy cells are
more numerous than CD,” (16). This fits well with
the present results by FCM, suggesting that cell cul-
ture may not affect the CDy cell and CD;" cell
populations. Unexpectedly, we found a large popu-
lation of double negative T cells. This may be due to
the selection of subjects examined rather than the
results of culture, since in coeliac disease these cells
increase drastically (8).

We present the new information obtained: CD
T cells and double negative T cells were the most
predominant; Tc¢ predominated over Ts in CD T
cells; Th predominated over Ti in CD; T cells;
double positive T cells were nil: NK and K were few
in number; CDy cells and CD, cells were activated
by cell culture; afT predominated over 8T in
CDy cells and CD,; cells but not in the double
negative T cells. We conclude in contrast to other
reports (9,14) that CDy cells predominate over
CD, cells.

To our knowledge, there is no detailed previous
documentation of nIEL with which we can compare
our present results. Then we compared human nIEL
with human ilEL (7, 8, 11, 13). The characters of
both IELs appeared to be fundamentally similar, i.c.,
CDy' cells are the major component; CDy cells are
more predominant than CD, cells; double negative
T cells are numerous; NK and B cells are few; affT
is more numerous than y8T in CDy cells and
CD, cells, and total y5T is less than oBT, but more
numerous in double negative T cells than in CDy
cells and CD, cells.

On the other hand, differences were noted between
nlEL and ilEL in the proportion of phenotypes.
There were more double negative T cells in nIEL
(approx. 40%,) than in ilIEL (approx. 10%,) even in
normal intestine (8). Both af receptor bearing
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CD; cells and off receptor bearing CDy cells are
fewer in nIEL (5.4%, and 7.1%, of total cell, respec-
tively) than in ilEL (approx. 45%, and 79%,, respec-
tively) (13), and the amount of ¥3 receptor bearing
CDy cells and v3 receptor bearing double negative
T cells in nlEL (approx. 1.0% and 1.7%, of total T,
respectively) is much less than in ilEL (35%, and
60, respectively) (13). These differences in propor-
tion may be due to differences in experimental con-
ditions, such as isolation method of specimens, pu-
rity and sensitivity of mAbs used, type of organ (nose
and intestine), condition of each organ, cell culture,
and so on.

In all, it could be concluded that there are hetero-
geneities in the phenotype of nlEL (Ts, Tc, Th, Thi,
Tsi, double negative T cells, «BT, y3T and off and yd
TCR double negative T cells), and CDy cells pre-
dominate, especially Tc cells; and double negative T
cells with and without y3 TCR in nlEL may be an
important subject for future study. Further studies
are required to elucidate a more detailed analysis of
phenotypes and their functional role in normal and
involved conditions of the nose.
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