
ORIGINAL ARTICLES__________________ 

The Effect of Ketotifen on the 
In Vitro Immune Function of 
Asthmatic Children * 
Kue-Hsiung Hsieh, M.D. 

Ketotifen, an oral anti-asthma drug, 
is a benzocycloheptathiophene deri
vative that was synthesized by San
doz Laboratories in January 1970. 
The first phase of clinical trials 
began in August 1971 and the drug 
appeared on the market in Switzer
land at the beginning of 1978 . 
Several papers have been published 
which demonstrate elegantly the 
pharmacological actions of ketoti
fen that account for its clinical 
effectiveness . Those actions in

(I clude : (I) inhibiting the antigen
induced release of histamine and 
SRS-A from human basophils and 
neutrophils/-4 (2) interfering with 
the action of SRS-A,4,5 (3) enhanc
ing the tissue response to isoprena
line,4-6 and (4) inhibiting cellular 
uptake of Ca++. 7 

In spite of extensive studies on 
the effects of ketotifen on mediator 
release, to the author's knowledge 
there is still no report dealing with 
the influence of ketotifen on the 
lymphocyte function although the 

<! an tigen-ind uced mediator release in
volves the production of an IgE 
antibody which reflects the net re
sult of the reaction between T and 
B lymphocytes after antigen stimu
lation . 

This trial was conducted to study 
the influence of ketotifen on in 
vitro lymphocyte functions with 
particular emphasis on the changes 
of lymphocyte subpopulations and 
in vitro IgE biosynthesis. 
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SUMMARY The in vitro effect of ketotifen on the immune function was stu
died in 35 newly diagnosed asthmatic children. At a concentration of 100 Ilg/ml, 
ketotifen was able to decrease the total number of T cells and suppress their 
blastogenic response to T-cell mitogens (PHA and Con A), but it did not affect 
the number of B cells, their blastogenic response to B-cell mitogen (PWM), in 
vitro IgE biosythesis and expressions of complement and Fc receptors on poly
morphonuclear leukocytes. 
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MATERIALS AND METHODS 

The study population consisted 
of 35 newly diagnosed asthmatic 
children who participated in a 
three-month, open clinical trial of 
ketotifen. The patients were 24 
boys and II girls, ranging in age 
from six to fifteen years. None had 
received steroids in the two weeks 
prior to the trial and bronchodila
tors were withheld for at least three 
days prior to the collection of 
blood samples. 

Preparations of mononuclear 
cells, lymphocytes and polymor
phonuclear leukocytes : Peripheral 
blood mononuclear cells were 
isolated by the method of Boyum.8 

After washing three times with 
Hanks' balanced salt solution (HBSS, 
GIBCO), the mononuclear cells 
were suspended at a concentration 
of 2 x 106 cells/ml in a complete 
culture medium (RPMI-1640 con
taining 10% heat-inactivated foetal 
calf serum, 100 units/ml of penicil
lin, 100 Ilg/ml of streptomycin and 

2mM/ml of L-glutamine, GIBCO). 
A I O-ml cell suspension was placed 
into a plastic petri dish (100 x 15 
mm, Falcon Plastics) and incubated 
for one hour in a humidified incu
bator with a 5% CO2 atmosphere at 
3TC. At the end of incubation, the 
nonadheren t cells were decanted, 
washed three times with HBSS and 
resuspended in HBSS at a concent
ration of 2 x 106 cells/ml. The final 
cell suspension contained < 5% 
esterase-positive monocytes and 
was referred to as containing pure 
lymphocytes. After removal of the 
mononuclear cells at the interface 
layer, the packed cells at the 
bottom of the centrifuge tube were 
mixed with an equal volume of 
HBSS and 6% dextran in normal 
saline (0.2 ml/ml of cell suspension) 
was added. After standing at room 
temperature for one hour, the 
leukocyte-rich supernatant was col
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lected and the contaminated RBC 
were lysed with cold distilled water. 
The polymorphonuclear leukocytes 
(PMN) were washed three times 
with HBSS and then adjusted to a 
concentration of 2 x 106 cells/ml. 
The purity of PMN in the final cell 
suspension was more than 97 per 
cent and viability was over 98 per 
cent using the trypan blue dye ex
clusion test. 

Enumeration of lymphocyte sub
populations: the total number of T 
cells (E rosettes), active T cells and 
B cells (EAC rosettes) was deter
mined using the method of Kerman 
et a19 with slight modification. lO T
cell subsets defined by monoclonal 
antibodies, anti-OKT3 for total T 
cells, anti-OKT4 for helper T cells 
and anti-OKT8 for suppressor T 
cells, were detennined by the 
method described previously. I 1 For 
studying the effect of ketotifen on 
the distribution of lymphocyte sub
populations, lymphocytes were in
cubated in HBSS containing 100/1g/ 
ml of ketotifen (pure powder from 
Sandoz Laboratories) for one hour 
in a 3TC water bath . After 
washing, the lymphocyte markers 
were detennined as previously des
cribed. There was no difference in 
the viability between treated and 
untreated cells (97% vs 96%, mean). 

Enumeration of Fc and comple
ment receptors on PMN: The Fc 
and complement receptors on the 
PMN were determined according to 
the method described previously.12 
Briefly , anti-SRBC antibodies were 
raised in rabbits by injecting week
ly 0.5 millilitre of 50% SRBC 
suspension in HBSS until a reason
able complement fixation titre was 
reached. The unfractionated anti
body was diluted optimally and was 
then used to prepare erythrocyte
antibody (EA) and erythrocyte-an
tibody-complement (EAC) com
plexes as described by Kerman et 
a19 and the p resent author Y A 
PMN either binding or phagocytos
ing three or more EA or EAC was 
considered to be a cell with an Fc 
or complement receptor. To study 
the effect of ketotifen on the ex

pressions of Fc and complement re
ceptors on PMN, the PMN were in
cubated in HBSS containing 100 /1g 
/ml of ketotifen in a 3TC water 
bath for one hour; they were wash
ed and their surface receptors were 
determined as described previously. 
The rates of viability for treated 
and untreated cells were 95 per 
cent and 96 per cent, respectively 
(mean). 

Performance of lymphoprolifera
tive response to phytomitogens: 
Blastogenic responses to concanava
lin A (Con A), phytohaemaggluti
nin (PHA) and pokeweed mitogen 
(PWM) were measured using the 
Bradley's method. 13 One tenth milli
litre of mononuclear cells in a 
concentration of 1.5 x 106 cells/ml 
was. added simultaneously to 0.1 ml 
solutions of RPMI-diluted PHA-M 
(final dilution SOx), Con A (final 
concentration 20 /1g/ml) or PWM 
(final dilution SOx) to round-bot
tom mu Itiple-well microtitre pia tes 
(Flow Laboratories). Ketotifen was 
added to the test wells to attain a 
final concentration of 100 /1g/ml. 
The cultures were incubated for 
three days in a humidified incuba
tor with a 5% CO2 atmosphere at 
3TC. At the end of the incubation, 
20 /11 of RPMI-1640 containing 1 
/1Ci of 3H-thymidine were added. 
The cells were harvested the next 
morning and their radioactivity was 
counted. Both the controls and 
stimulated cultures were set up in 
triplicate. The stimulation index 
was calculated by dividing the cpm 
of the stimulated cultures by those 
of their unstimulated counterparts. 
The viability rates for treated and 
untreated cells after three-day's in
cubation were 79 per cent and 75 
per cent , respectively. 

In vitro IgE biosynthesis was 
done using the me thod reported 
previously.14 Two millilitres of 4- x 
106 cells/ml of mononuclear cells in 
a complete culture medium were 
cultured in 160 x 10 mm plastic 
culture tubes (Falcon Plastics) in 
the presence of 10 pl/ml of PWM 
and incu ba ted for one week in a 
humidified incubator with a 5% 
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CO2 atmosphere at 3TC. Ketotifen 
was added to the tu bes to attain a 
final concentration of 100 /1g/ml. 
At the end of incubation, the CUl
ture tubes were vortexed and cen
trifuged at 1,200x g for 15 minutes 
and the supernatants were aspirated 
and stored at -70°C until the IgE 
concentrations were determined. 
There was no difference in the via
bility rates of treated and untreat
ed cells after seven day's culture 
(69% vs 71 %). 

Determination of IgE concentra
tions : IgE concentrations in the cul- ~ 
ture media were determined in dup
licate by using Phadebas IgE PRIST 
kits (Pharmacia, Sweden). For con
venience 0 f calculation , the IgE 
concentrations were changed from 
IU/ml to pg/ml by a multiplying 
factor of 2420 (1 IU=2,420 pg). 

Statistics : The student's t test 
was used for statistical analysis 
throughou t the study. 

RESULTS 

Changes in the distribution of 
lymphocyte subpopulations after ~ 
in vitro incubation with ketotifen 
are shown in Table 1. There was no 
difference in the mean percentage 
of active T, B, OKT4 and OKT8 
cells either before or after incuba
tion with ketotifen, but the mean 
percentage of total T cells detected 
either by the E-rosette technique 
or monoclonal antibody (OKT3 
cells) after incubation was much 
lower than the percentage of T cells 
before incubation (p< O.OO 1). 

Figure 1 shows the dose-depen
dent suppressive effect of ketotifen W 

on the lymphoproliferative re
sponse of lymphocytes to PHA. At 
a concentration of 1 /1g/ml, ketoti
fen was able to suppress only 7-30 
per cent of the response, but when 
the concentration was increased to 
10 /1g/ml, the suppression reached a 
magnitude greater than 90 per cent. 

The effect of ketotifen on the 
blastogenic responses to Con A, 
PHA and PWM is shown in Table 2. 
It is clear that ketotifen only sup,<' * 
pressed lymphoproliferative re
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sponses to T-cell mitogens, e.g. Con plement receptor expressions on 
A and PHA, but not to PWM whiCh PMN. 
is a B-cell mitogen. The mean base Figure 2 demonstrates that 
line cpm for the cultures in the pre ketotifen did not affect in vitro 
sence of ketotifen was similar to IgE biosynthesis. The amount of 
that for the cultures without ketoti  IgE produced by B cells in the pre
fen, indicating that the drug had no sence of ketotifen was not different 
effect on the cell viability during from that produced by B cells in 
the three-day culture. the absence of ketotifen (l4S3±867 

Table 3 shows that the ketotifen pg/ml for the former and 1430±849 
had no influence on Fc and com- pg/ml for the latter). 

(J Table 1. 1n vitro effect of ketotifen on the distribution (%) of lymphocyte subpopu
lations 

Active Total B(EAC
Ketotifen 	 OKT3 OKT4 OKT8T T rosettes) 

With 26.1±8.2* 63.5±8.0 19.9±6.3 68.4±7.2 41.7±11.2 29.0±9.5 

Without 24.8±7.3 56.0±9A 21 .2±5 .7 59.9±7.9 38.2±11.1 27.5±7.3 


P >0.05 <0.001 >0.05 < 0.001 > 0.1 >03 


*Mean ± SD (n=35) 

Lymphocytes were cultured in the presence (100 J.lg/ml) or absence of ketotifen for one hour be

fore lymphocyte subpopulations were determined. 
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12 Fig. 1 Regarding the dose-de 
pendent suppressive effect~1O., 

0 of ketotifen (KT) on the8 8 lymphoproliferative response 
l: 

to 	 phytohaemagglutinin,56 
<l each curve represents one 

4 experiment. The concentra
tions of KT ranged from 0 
to 100 J1.g/ml.
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Table 2. The effect of ketotifen on Iymphoproliferative responses to Con A, 
PHA and PWM@ 

Mitogen - Ketotifen + Ketotifen P 

No 1493±252* I 632±409 

Con A 42.1± 4.5# 13.3± 1.3 < 0.01 

PHA 215.4±17.8 75.6±10.9 <0.01 
PWM 31.8± 3.2 26.8± 4.2 >0.05 

;. 	 @n=35. *Counts per minute (Mean ±SEM). #Stimulation index (Mean ±SEM) 

Ketotifen was added to the test .cultures as a final concentration of 100 J.lg/ml. 


DISCUSSION 

The inhibition of antigen-in
d uced mediator release has been 
established as being one of the 
mechanisms accounting for the 
effectiveness of ketotifen in the 

-4treatment of asthma. I Antigen
induced mediator release from 
human leukocytes involves the 
binding of an antigen with a cell-
bound specific IgE antibody. Also, 
because IgE production is a highly 
T-cell dependent process,IS it 
would be interesting to know 
whether ketotifen exerts its anti
asthmatiC effect through its in
fluence on the T-cell functions and 
IgE production in addition to the 
pharmacological actions mentioned 
previously. 1-7 

Under experimental conditions 
,.involving a concentration of ketoti 
fen (100 J1.g/ml incubated for one 
hour), the drug was found to be 
capable of decreasing the total T
cell number detected using either 
the E-rosette technique or the mo
noclonal antibody like anti-LKT3. 
Moreover, ketotifen also was found 
to suppress lymphoprolifierative re
sponses to T-cell mitogens, such as 
Con A and PHA, but not to the 
B-cell mitogen (PWM). Thus, it was 
determined that ketotifen is able to 
suppress T-cell functions in terms 
of decreasing the total T-cell num
ber and the level of blastogenesis to 
mitogens. 

Intracellular nucleotides have 
been reported to regulate the E
rosette-forming capability of T 
cells. While an increase of cAMP in
hibits the formation of E . ro
settes,16 an increase of cGMP en
hances such a biological function. 17 
Martin et aP reported that ketoti 
fen was able to inhibit the activity 
of cAMP phosphodiesterase which 
would indirectly increase the in
tracellular concentration of cAMP. 
Such an effect may be used to ex
plain the suppressive activity of 
ketotifen on the T-cell function. 

One may argue that, as the aver
age peak serum level of ketotifen is 
only around I J1.g/ml,18 after taking 
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Table 3. Effect of ketotifen on the expressions of complement and 
Fc receptors on PMN* 

Ketotifen 

With 

Without 

P 

% ofPMN with % of PMN with 

complement receptor Fc receptor 

42.5±20.r 40.1±16.2 

44.6±17.4 40.8± 13.8 

> 0.05 > 0.05 

*PMN: Polymorphonuclear leukocytes 

#Mean ±SD (n=35) 

PMN were cultured in the presence (100 J.1f,/ml) or absence of ketotifen for 

one hour before surface receptors were determined. 
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a single recommended dose (i.e . I 
mg), the in vitro effect of ketotifen 
on the T-cell functions observed in 
this study, which involved the use 
of concentrations as high as 100 Ilg/ 
ml, may not occur in vivo. As a 
matter of fact, Figure I shows that 
ketotifen at a concentration of I 
Ilg/ml was able to suppress the level 
of blastogenesis by only 7-30 per 
cent, whereas a magnitUde of sup
pression greater than 90 per cent 
could be achieved by using a con
centration of to Ilg/ml. B~cause a 
concentration of 50-100 Ilg/ml of 
ketotifen was required to obtain 50 
per cent inhibition of antigen-in
duced release of both histamine and 
SRS-A,2-4 100 Ilg/ml was used in 
this study for convenience of com
parison. 

Ketotifen had no effect on in 
vitro IgE biosynthesis. This result 
can be explained by the findings 

Fig. 2 The effect of ketotifen on the in 
vitro IgE biosynthesis: 4 x 106 mononu
clear cells/ml were cultured in the pre
sence (+KT, 100Ilg/ml) and absence 
(-KT) of ketotifen for one week, after 
which time the concentration of IgE in 
the supernatant was determined . 

that ketotifen did not decrease the 
number of B cells or the level of 
Iymphoproliferative response to B
cell mitogen on the one hand nor did 
it tilt the balance between the num
ber of helper (OKT4) and suppres
sor (OKT8) T cells on the other 
hand. 

The effect of long-term admin
istration of ketotifen on the 
immune response of asthmatic chil
dren is currently under investiga
tion. 
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