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Summary

Background T cells are shown to regulate allergy and asthma. They are heterogeneous
by virtue of surface receptor subtypes (a/3 and 7^ receptors), however, their patho-
physiological roles in asthma are unclear.
Objective and methods The present study employed flow cytometric analysis to
compare the size of T-cell subsets and eosinophils present in the peripheral blood of
healthy, allergic and allergic asthmatic individuals.
Results Current results demonstrated that the percentages of 7(5 T cells declined from
4.1% in healthy to 3.2% in the allergic subjects and to a significantly lower (/' = 0.01)
2.4% in allergic asthmatics. The absolute numbers of circulating ^S T cells also were
diminished in a similar fashion such that healthy individuals had a significantly higher
mean cell count (91.8 x lO^mL) than did allergic asthmatics (47.8 x lO^mL) (/» = 0.0266).
In contrast, al3 T cells were comparable in the healthy, allergic, and allergic asthmatic
populations (65.3%, 65.8% and 69.4%, respectively); the differences were not statis-
tically significant. On a populational basis, the proportion of individuals having both
76 T cells < 4.1 % and eosinophils ^ 2.1 % was the lowest in the healthy population
(30.8%), but was elevated in the allergic group (85.7%) as well as in the allergic
asthmatic group (86.6%). However, on an individual basis, those who had reduced 'jS
T cells did not have consistently higher eosinophil counts or IgE level.
Conclusion It was concluded that no significant correlation existed between the levels
between -yS T cells and eosinophils or between jS T cells and IgE present in the peripheral
blood. This report, for the first time, documents that allergic asthmatics have reduced
76 T cells with reciprocally elevated eosinophil numbers in their peripheral circulation.
However, it does not indicate that the reduction of 76 T cells directly correlates with the
predominance of eosinophils of IgE levels in the diseased populations. The pathophysio-
logical role of 7^ T cells in allergic diseases awaits further exploration.
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Introduction 7^ T cells are predominantly CD4 and CD8 with
^ , . , , , , , f u 1 u u u- occasional CD8"'" and rare CD4''" expression. Depending
In the peripheral blood 01 healthy human subjects, ,̂ ,. -^ c c -rr^n *i- *• r c A
c 1/̂ o/ r-T II CT 11 * / T - / ^ D \ rn On the diversity of 7^ TCR, Utilization of specific 7 and
5 - 1 0 % of T cells express 7(5 T-cell receptors (TCR) [1]. ^ * Jj 1 *• «-r n UA- A A

^ ' F V / L J ^ ggj^g segments and location, 7^ T cells are subdivided
_ , ,̂  c ^1. r> . o ^ UT ni. . , into two populations: one is associated with the skin [2,
Correspondence: K.-S. Chen, Procter & Gamble Pharmaceutical '^ ^ . "•
Research Division, Miami Valley Laboratories, Procter & Gamble 3], tOngue, and the epithelial mucosa of vagina, UterUS
Company, PO Box 538707, Cincinnati, Ohio 45253-8707, USA. [4], and expresses distinct but homogenous T C R [4]; the
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second population localizes to blood, peripheral lym-
phoid tissue and gut [5] and is generated later in ontogeny
with expression of more diverse TCR [6]. The biological
function of 7^ T cells is poorly understood.

7(5 T cells lack significant involvement in classical T-
ceii responses but are detected in markedly elevated
levels in certain pathological conditions such as bacterial
[7, 8], parasitic [9] and viral infections [10-13], joint
inflammation [14, 15], autoimmune responses such as
coeliac disease [16, 17] and eosinophilic granuloma [18].
The role of 7*5 T cells in the induction and/or mainte-
nance of inflammatory responses remain speculative. 7^
T cells and ap T cells secrete a similar profile of cyto-
kines, express similar activation and adhesion molecules,
and are able to lyse antigen-bearing target cells [19, 20].
Ontogenically, the appearance of 7^ T cells precedes ap
T cells. They home to distinct sites, such as epithelial
tissues and express a more limited repertoire of TCR
variable gene, coincidental with limited junctional diver-
sity [6, 21]. Antigenic recognition by 76 T cells is mostly
unrestricted by MHC and skews toward the recognition
of bacterial antigens, heat-shock proteins, or MHC class
Ib [22-26] whereas Q/J T cells are MHC-restricted in the
antigenic recognition.

In allergy and extrinsic asthma, the IgE level is mark-
edly increased in the peripheral circulation [27]. Eosino-
phils are regarded as important proinflammatory effector
cells in asthma, and are also elevated in the blood
circulation, airway tissues and bronchoalveolar lavage
fluids [28-32]. The function, survival and priming of
eosinophils [33, 34] is regulated by cytokines such as IL 5,
a product of CD4+ T cells and eosinophils [35]. Since T
cells are pivotal in the pathogenesis of allergy-associated
illness [36, 37], this study explored whether there is a
change of T-cell subsets present in the peripheral blood
of allergic and allergic asthmatic individuals or not. This
study further examined the regulatory relationship of 76
T cells to two illness-associated components (eosinophils
and IgB) important in the pathogenesis of allergy and/or
allergic asthma.

Materials and methods

Subjects

Twenty-three healthy adult volunteers (eight men and 15
women) ranging from 20 to 54 (mean 33) years who had
no prior history of respiratory allergy or asthma, had
experienced no recent illness and were not under any
medication. All, except one individual, were non-smokers.
Twenty-two allergic non-smokers (seven men, 15 women)
between 23 and 51 (mean 37) years were previously
verified as having allergic reactivities with skin-prick

tests by physicians and experienced varying degrees in
severity of hay fever symptoms at the time of study.
Among 22 participants, four did not take any medication
while nine received a single medicine (antihistamine or
bronchodilator) only. The remainder used two or three
therapeutic agents (antihistamine, inhaled steroid, desen-
sitizing injections) concurrently for symptomatic relief.
Seventeen allergic asthmatic volunteers (three men, 14
women) ranging from 23 to 51 (mean 39) years were
previously confirmed as having both allergy and asthma
by physicians. Of the 17 extrinsic asthmatics, one indi-
vidual did not use any medicine, three only used anti-
histamine whereas six individuals received combined
therapy with two drugs, four with three drugs, and
three with four drugs from antihistamine, inhaled steroid,
bronchodilator, or desensitizing injections. One individual
was a smoker and the remainders were non-smokers. All
participants gave their informed consent to this study.

Blood collection

Peripheral blood was collected aseptically by venipunc-
ture from each individual into a sterile K3 EDTA
Vacutainer tube (Becton Dickinson, New Jersey, USA)
and a sterile SST brand Vacutainer (Becton Dickinson)
for serum separation by centrifugation. Sera were stored
at -20°C for total IgE quantitation. Fresh peripheral
blood from each individual was immediately analysed by
the Hematology Analyser and also stained with a battery
of commercial reagents (Becton Dickinson, San Jose,
CA, USA) specific to various cellular populations for
flow cytometric analysis.

Reagents

Monoclonal antibodies (MoAb) labelled with either
fluorescein isothiocyanate (FITC) or phycoerythrin
(PE) were purchased from Becton Dickinson Immuno-
cytometry Systems: anti-Leu-4 (CD3) FITC, anti-Leu-3a
(CD4) FITC, anti-Leu-2a (CD8) PE, anti-Leu 12 (CD 19)
PE, anti-TCR a//?-l FITC, anti-TCR 7/^-! PE,
Simultest"^"^ 7I FITC/7I PE control, and Simultest
LeucoGATE™ (Anti-HLe-1 FITC + Anti-Leu-M3
PE). The stock solution of FACS® Lysing solution
(Becton Dickinson) was diluted 10-foId with reagent-
grade water to be the working solution. Hank's balanced
salt solution (HBSS; Gibco/BRL, Grand Island, NY,
USA) was used for all washing steps and for the final
dilution of single cell suspensions.

Cellular staining

Whole blood samples were first stained with the immuno-
phenotyping reagent, 7I FITC/7I PE (a negative control),
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to determine the level of background staining, and then
with LeucoGATE^"^ to determine the lymphocyte gate.
Briefly, 100/iL of blood was delivered into 12 x 75 mm
polystyrene test tubes (Falcon, Franklin Lakes, NJ,
USA). Twenty microlitres of antibody was added to
the appropriate tube to create direct two-colour immu-
nofluorescent staining. After 20 min incubation in the
dark at room temperature, 2 mL of FACS solution was
added and the cells were incubated for an additional
10 min. Cells were washed by HBSS and by centrifuga-

tion at 2000 rpm for 10 min at 4°C and the cell pellets
were washed again with HBSS. Each tube was resus-
pended with 1 mL of HBSS and was immediately ana-
lysed on a FACScan^"^ flow cytometer (Becton
Dickinson) equipped with a 488 nm argon ion laser.

Flow cytometric acquisition and analysis

The FACScan was optimized using CaliBRITE beads
(Becton Dickinson) and AutoCOMP software to set

Table 1. Percentages of cellular populations and serum IgE titiers in the peripheral blood ofthe healthy, allergic, and allergic
asthmatic individuals

Study population and their percentages

Healthy Allergic Allergic/asthmatic

Study subject Mean ± SEM Mean ± SEM Mean ± SEM Overall F-test /'-value'' Pairwise contrasts (P-value)''

CD3+ T cells

CD4+ T cells

CD8+ T cells

a/3 T cells

75 T cells'

Eosinophils'^

IgE (IU/mL)'

69.8 ±1.62
22*

(66.6, 73.0)**

41.6 ± 1.64
23

(38.4, 44.8)

31.3 ±1.29
23

(28.8, 33.9)

65.3 ± 1.68
23

(62.0, 68.6)

4.1 x / ^ 1.16
23

(1.8,9.4)

2.1 X / -^ 1.10
23

(1.0,4.6)

31.2X/-M.32
21

(12.1,80.5)

69.6 ± 2.22
22

(65.3, 74.0)

41.6 ±2.34
22

(37.0, 46.2)

32.0 ±1.53
22

(29.0, 35.0)

65.8 ±2.32
22

(61.3,70.4)

3.2x/H-1.16
22

(1.4,7.3)

2.9 x/H- 1.15
22

(1.3,6.4)

54.4 x / ^ 1.29
22

(21.5, 137.9)

72.7 ±1.65
17

(69.5, 75.9)

47.2 ±2.42
17

(42.5, 52.0)

28.2 ±1.73
17

(24.8,31.6)

69.4 ±1.76
17

(65.9, 72.8)

2 . 4 x / ^ l . I l
17

(1.1,5.2)

4 .0x / ^1 .15
17

(1.8,9.0)

109.4 x / ^ 1.40
16

(40.0, 299.6)

0.48

0.13

0.21

0.33

0.04

0.005

0.02

H > A/A
(P = 0.01)

H < A/A
(P = 0.001)

H < A/A
{P = 0.004)

" All one-way analysis of variance (ANOVA) results were corroborated by the Kruskal-Wallis test at the 0.05 level of significance;
pairwise tests were corroborated with the Wilcoxon rank-sum test.

"'Pairwise contrasts by Fisher's Protected LSD were performed only where the Overall F-test P-value ^0.05; contrasts were also
declared significant only for /"-value ^0.05.

"^ Statistical analyses were performed on log transformed data to satisfy variance requirements necessary to perform an analysis of
variance (ANOVA) and the calculation of their geometric mean values.

* The numerical number displayed in the mid-range denotes the number of study subjects.

** The numbers in the parenthesis denote 95% confidence intervals.
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photomultiplier voltages, to adjust fluorescence com-
pensation, and to check the detector's sensitivity follow-
ing the manufacturer's procedures. A total of 15 000
events was collected from each sample and data were
acquired in list mode using LYSYS II software. A
lymphocyte light-scatter gate was defined using the
Simultest LeucoGATE^"^ reagent. The gate was used
to determine percentage of stained lymphocytes. Fluor-
escence intensity markers were set using the 7I FITC/7I
PE isotype controls as an indication of non-specific
staining.

Serum IgE quantitation

Serum samples were blind-coded prior to the quantita-
tion of the total IgE contents and the titres were
expressed by IU/mL. Tests were performed by National
Reference Laboratory (Louisville, KY, USA) using the
Ciba Corning Automated Chemiluminescence System
(Ciba Corning Diagnostic Corp., Medfield, MA, USA).

Differential analysis of blood cell subpopulations

Differential leucocyte counts were determined by both
FACScan using the LeukoGATE^'^ reagents and a
Technicon H-le Hematology Analyser (Miles Labora-
tories, Tarrytown, NY, USA).

Statistical analysis

To test for diflerences between the healthy, allergic, and
allergic asthmatic populations (Table I), a one-way
analysis of variance (ANOVA) was first performed for
each cell type. If a significant difl"erence was detected
among the three populations via a F-test, then pair-wise
comparisons were conducted on the adjusted least squares
means (Fisher's Protected LSD). Results for each cell
type were respectively corroborated with the Kruskal-
Wallis test for the overall popuiational efl"ect and with
Wilcoxon rank sum tests for pairwise comparisons
between populations on a given cell type. All statistical
tests were conducted at the P = 0.05 level of significance.

Residual analyses were performed on the residual error
terms of the one-way ANOVAS in order to evaluate the
validity of assumptions inherently made in the models. In
order to stabilize the variances among the populations, it
was necessary to log-transform the following three ele-
ments (7(5 T cells, eosinophils, and IgE) before perform-
ing any analyses.

Correlation analyses were conducted, among the cell
types where significant population diflerences were
observed, to explore possible linear relationships. For
each population, Spearman correlation coeflicients and

their corresponding P-values were calculated to detect if
observed relationships were significant.

Results

T-cell subsets

Peripheral blood T cells carrying a/3 or 76 TCR were
analysed by flow cytometry. a/3 T cells from 23 healthy
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Fig. t. Distribution of circulating 7^ T cells, in percentage (a)
and in absolute number (b), present in the allergic asthmatic,
allergic, and healthy populations. Each dot indicates the per-
centage (1 -a) and absolute number (1 -b) of 7(5 T cells of a single
individual in the designated ( • , allergic asthmatic; A,
allergic; • , healthy) study populations. The geometric mean
values ( O) ± standard errors in percentage of 76 T cells
(l-a) for allergic asthmatic, allergic and healthy groups were:
2 . 4 X / H - 1 . 1 ; 3.2 X / ^ 1.2; and 4 . 1 X / H - 1 . 2 , respectively.

Similarly, the geometric mean values x /-^ standard errors for
the absolute number of jS T cells (1-b) in the corresponding
study groups were: 47.8 x 10̂  it 6 x 10^/mL; 65.7 x 10̂  ±
9.7 X lO^/mL; and 91.8 x 10̂  ± 19.2 x 10̂  mL, respectively.
Both the percentage and cell number in allergic asthmatics
are significantly (P = 0.01 and 0.026, respectively) lower than
those in the healthy group.
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individuals had an arithmetic mean of 65.3% or
1.2 X 10*/mL. The profiles for 22 allergies and 17 allergic
asthmatics and their means in percentages or in cell
numbers were 65.8% or 1.2 x 10* mL and 69.4% or
1.3xlO*/mL, respectively, were comparable to the
healthy population and to each other (Table 1). On the
contrary, -yS T cells from the peripheral blood of healthy
donors had a geometric mean value of 4.1% with a
distribution ranging from 1.2 to 28.7% (Fig. la). Allergic
individuals had ^d T cells between 0.8% and 9.8% with a
geometric mean of 3.2% whereas allergic asthmatics had
a significantly lower geometric mean of 2.4% {P = 0.01,
Table 1 and Fig. la) and a range spanning between 0.9%
and 4.6% (Fig. la). A similar differential pattern exists in
the cell number of circulating 7^ T cells among these
populations: 91.8 x 10^/mL (healthy group); 65.7 x 10^/
mL (allergic individuals); and 47.8 x lO^mL (allergic
asthmatics) (Fig. lb). Only allergic asthmatics had a
significantly lower mean number of 7<5 T cells than in
healthy individuals {P = 0.0266). In the healthy group,
13 out of 23 (56.5%) individuals had 7(5 T cells equal to
or lower than the healthy population geometric mean of
4.1% while 14 of 22 (63.6%) allergic and 15/17 (88.2%)
allergic asthmatic individuals fell in this lower range (Fig.
la). The predominance rates of CD3+, CD4"*" or CD8+ T
cells were comparable among the three study groups,
except for CD4''' cells which were slightly elevated
among allergic asthmatics (Table 1).

Serum IgE

The geometric mean concentration of total IgE in the
sera of healthy individuals was 31.2 IU/mL while there
was a 74% increase to 54.4 IU/mL in the allergies and a
significant 250% increase {P = 0.004) to 109.4 IU/mL in
the allergic asthmatics (Table 1).

Blood eosinophil counts

In the healthy population, eosinophils ranged from 0.9%
to 4.8% with a geometric mean of 2.1% (Fig. 2). In the
allergic population, eosinophils ranged from 1.0% to
10.6% with a higher geometric mean value of 2.9%
(Fig. 2); further, 15 out of 22 (68.2%) individuals had
counts equal to or greater than the geometric mean for
the healthy group (2.1 %). The allergic asthmatic popula-
tion with a range of 1.1-8% eosinophils had a signifi-
cantly higher {P — 0.001) geometric mean value of 4%
(Table 1) compared with healthy individuals; further, 14
out of 17 adults (82.4%) were ^ 2 . 1 % (Fig. 2). Similarly,
the actual cell number of eosinophils in the peripheral
blood of allergic asthmatic population (75.2 x 10^/
mL), was observed to be higher than allergic individuals
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Fig. 2. Distribution of circulating eosinophils present in the
allergic asthmatic, allergic, and healthy populations. Each dot
represents the percentage of eosinophils of a single individual in
designated (•, allergic asthmatic; A, allergic; • , healthy) study
populations. The geometric mean values ( O) x/-f standard
error of each study group were indicated.

(60.9 X 107mL), is significantly {P = 0.0033) higher than
in the healthy individuals (41.8 x lO^mL).

Relationships among ^6 T cells, eosinophils and IgE

To assess whether there was a relationship between ^6 T
cells and eosinophils, correlation analyses were per-
formed in each population. Spearman's correlation coef-
ficients {r = -0.14, P = 0.58) did not show the level of 7^
T cells of an individual correlated with his own level of
eosinophils within the allergic asthmatic group. Neither
did the identical assessments indicated a linear relation-
ship between 7^ T cells and eosinophils in individuals
within the allergic {r = -0.06, P = 0.78) or healthy
groups (r = 0.19, P = 0.38). Thus, individuals with
higher levels of eosinophils in any study groups did not
significantly correlate to lower counts of 7^ T cells.

In the allergic asthmatic population, the level of serum
IgE proportionately corresponded to the level of circu-
lating eosinophils {r = 0.49, P = 0.05). However, in the
allergic (r = 0.34, / ' = 0.12) and healthy populations
{r = 0.22, P = 0.33), no linear relationship between IgE
and eosinophils could be established. By correlation
analysis, the levels of 7^ T cells were not significantly
correlated with the level of serum IgE in individuals in
any of the three study populations.

Discussion

This study shows, for the first time, that both the percen-
tage and absolute number of 7^ T cells in the peripheral
blood of individuals with allergic asthma are significantly
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reduced which are contrary to their elevation of eosino-
phils and IgE.

Both allergic and allergic asthmatic populations had
an elevated serum total IgE concentration that is con-
sistent with others [38]. Eosinophils as well as T cells are
considered as the key cell types responsible for the patho-
genesis of respiratory allergy and allergic asthma [36,37].
Eosinophils in these diseased individuals are elevated
both in circulation [28, 30, 31] and in bronchoalveolar
lavage fluids [29]. Our present observation of elevated
eosinophils in the peripheral blood of allergic and allergic
asthmatic populations are consistent with others [28,30,31].
Activation and recruitment of eosinophils is modulated
by cytokines such as interleukin-5 (IL-5) and ganulocyte
macrophage-colony stimulating factor (GM-CSE) that
are produced by T cells and other cell types [33]. CD4"'' T
ceils [39] and eosinophil [34,35] produce IL-5 that regu-
lates the function, survival and priming of eosinophils
and ultimately leads to eosinophilic degranulation and
tissue damage [33,34]. The prevalence of circulating
CD4''' T cells in allergic individuals did not significantly
change but had a directional increase form 41.6% to
47.2% in the allergic asthmatics. At the present time, it is
impossible to speculate on the biological significance of
an elevated CD4^ T-cell population solely by the surface
marker. The distribution profile of jS T cells from 23
healthy individuals scattered from 1.2% to 28.7% with a
mean of 4.1% which is in agreement with the normal
range previously reported in the healthy population [1].
Thirteen out of 23 healthy individuals had 7^ T cells
equal to or below this popuiational mean value. The
population of allergic asthmatics whose jS T-cell level
was < 4 . l % was 88.2%, thus clearly demonstrating a
reduced 75 T-cell population in allergic asthma. 7^ T cells
were reduced not only in percentage in allergic asthmatic
but also the absolute cell number in the peripheral blood
was significantly diminished by twofold in comparison to
the healthy individuals. It is possible that the reduction in
7^ cells in the peripheral circulation is the consequence
of their enhanced migratory capability through endothe-
lium [40] to the inflamed respiratory tract. This hypothe-
sis awaits further exploration on the prevalence rate of 7(5
T cells in the nasal and lung lavages of allergic and
extrinsic athsmatic patients, although a single report
fails to find a change in the popuiational size of 7^ T
cells present in the bronchoalveolar lavage fluids from
asthmatics [41]. Since the presence of an increased
number of activated eosinophils has been suggested to
be pathogenic in asthma, we examined if a high level of
peripheral blood eosinophils was related to a reduced
population of 7^ T cells. On the popuiational basis, there
was an inverse relationship of an elevated eosinophil for
a reduced j6 T cells, and it also corroborated with the

disease progression in severity from healthy to allergy to
allergic asthma. However, subsequent correlation ana-
lysis on a single individual basis failed to establish that
individuals having lower number of 76 T cells had
proportionally higher counts of eosinophils. This finding
favoured the conclusion that 'y6 T cells are not a factor
driving changes in the eosinophil population.

It has been demonstrated that 7^ T cells in lungs of
mice recovering from influenza virus infection undergo a
popuiational shift from 74 to 72/7I phenotype [11] and
that there is a further heterogeneity of 7^ T cells based on
the types of cytokines produced [19,20]. 7<5 T cells can be
further subdivided into either CD4+ or CD8"^ surface
marker, as seen in the inflamed gingiva tissue, or bear
CD4 and CD8 double-negative markers present in the
healthy mucosa tissue; they show difl"erent cytokine
secretion profile [21]. We did not identify the surface
markers of 7^ T cells in the present study and thus could
not ascribe their biological influences. It is conceivable,
however, that 76 T cells or subsets may thereof indirectly
modulate the formation and/or biological activity of
eosinophils or other regulatory cell types responsible
for the pathogenic process. Future investigation on the
surface markers of 7^ T cells in circulation as well as
nasal and lung lavages from allergic patients may shed
light on their role in modulating the pathogenesis of
allergy and/or asthma.

a/3 T cells bear CD4 or CD8 phenotype and are the
major regulatory cells in the synthesis of IgE via their
secreted cytokines, such as IL-4, IL-5, and IFN7.
Recently, 7^ T cells are reported to support IgE synthesis
in mice that are congenitally deficient in a0 T cells [42].
Furthermore, 76 T cells are shown to suppress the
expansion of TH2 CD'* T cells [43] which upregulate
the IgE formation. Therefore, a reduced level of 7^ T
cells may enhance IgE synthesis. In addition, -yS T cells
secrete cytokines such as IFN7 [20,44], IL-4, and IL-5
[19] that closely regulate IgE synthesis by B cells. Lastly,
7^ T cells possess the high affinity receptor for IgE
(Fc.RI) while a/3 T cells do not [45]. Therefore, these
collectively lead to the speculation that the diminished jS
T cells may directly or indirectly influence the immuno-
regulatory networks, in addition to a/3 T cells, involved
in the IgE formation.

So far, all putative linkages of 76 T cells to modulate
pathogenesis of infectious diseases [7-13] and inflamma-
tory diseases [14-17] are attributed by their expanded
population in the target tissues. In contrast, this report
documents a diminished 76 T cells are potentially associ-
ated with inflammatory diseases of the respiratory tract,
such as allergy and extrinsic asthma. The difl"erential
regulatory mechanism by 76 T cells in these diseases
awaits future elucidation.
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The present demonstration of diminished 76 T cells in
the peripheral blood may be attributed by their migra-
tion to the respiratory tract of the allergies and the allergic
asthmatics or the suppression by other immune modu-
latory cells and/or their secreted mediators. In order to
ascertain the pathophysiological role of 76 T cells in
respiratory allergy and asthma, future investigations on
their predominance and phenotypic distributions in both
nasal and lung lavage fluids may shed more light on their
regulatory activities in the disease pathogenesis.
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