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Abstrac t t 

Ann immunocytochemical staining method has been developed for simultaneous staining 

off both cell surface markers (CD4 and CD8) and intracellular cytokine proteins IFN-y IL-4 

andd IL-5. Cell surface molecules were visualized with alkaline-phosphatase, which was 

developedd by Fast Blue BB. Intracellular cytokine proteins were detected by amino-ethyl 

carbazole.. We applied this technique to T cells from T-cell lines and T-cell clones, 

peripherall blood mononuclear cells and bronchoalveolar lavage fluid cells. Cells were used 

eitherr unstimulated or stimulated for 4 h with 1 ng/ml PMA and 1 u.g/ml ionomycin, which 

provedd to be an optimal stimulus taking cytokine staining, cell recovery and cell viability 

intoo account. We studied peripheral blood mononuclear cells from healthy subjects and 

foundd that without in vitro stimulation on average 0.4% of the cells were IFN-y positive 

cells.. In the unstimulated bronchoalveolar lavage fluid cells of the 2 allergic asthmatic 

subjectss studied so far we found higher numbers of cytokine-positive cells (up to 22% of 

thee lymphocytes being IL-4+ cells). By in vitro stimulation, the numbers of cytokine-positive 

peripherall blood mononuclear cells from the healthy subjects were increased to maximally 

5%% IFN-y+ cells. In stimulated lavage fluid cells from allergic asthmatic subjects maximally 

34%% of the lymphocytes became IFN-y+. We conclude that this method allows detection 

off intracellular cytokine proteins in both CD4+ and CD8+ T cells without the need for 

stimulatingg the cells in vitro. In vitro stimulation may change the cytokine profile detected. 

Introductio n n 

Inn concert with other factors like chemokines, cytokines are held responsible for 

recruitment,, differentiation, and activation of infiltrating inflammatory cells [1]. Analysis of 

cellss which produce cytokines can be helpful in understanding both normal immunological 

reactionss and disease processes. In this respect, cells from the peripheral blood and from 

thee site of inflammation have been studied extensively. 

Severall approaches to measure cytokine production by leukocyte subsets have been 

elaborated.. On the protein level, cytokine production by for example T lymphocytes has 

beenn studied using T-cell clones derived from T-ce!l subsets. However, long term in vitro 

culturee of T-cell clones influences their cytokine profile [2], To obtain observations that are 

moree related to the in vivo situation, methods have been developed to study cytokines at 

thee single cell level in freshly obtained polyclonal cells, like flow cytofluorimetric and 
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immunocytochemicall detection. 

Thee flow cytofluorimetric technique was first developed for the demonstration of 

intracellularr IFN-y [3] and extended to other cytokines [4,5]. The staining for additional cell 

surfacee markers enables to identify and characterize the cell type which produces the 

cytokines.. Nowadays, various directly conjugated anti-human cytokine reagents are applied 

[6-8].. In vitro stimulation was found necessary to be able to detect intracellular cytokines 

byy flow cytometry. 

Inn the immunocytochemical method intracellular IFN-y protein was visualized in 

cellss fixed on adhesion slides [9]. For this method only small numbers of cells (5-10 x 103) 

aree needed. Furthermore, this technique was suggested to be sensitive enough to detect in 

vivovivo activated cells without the need of prior in vitro stimulation. We have compared both 

methodss and observed a good correlation for the detection of the cytokines IFN-y and IL-4 

inn in vitro stimulated T-cell clones and peripheral blood mononuclear cells (PBMC) [10]. 

However,, a higher percentage of positively stained celts was frequently observed using 

immunocytochemistryy as compared to flow cytometry. When bronchoalveolar lavage (BAL) 

fluidd cells were studied without prior in vitro stimulation no positive staining cells could 

bee demonstrated with the flow cytofluorimetric method, in contrast to the 

immunocytochemicall method with which up to 9% of cytokine-positive cells were 

demonstratedd [10]. This is probably due to the fact that a weak signal from a cytokine 

presentt in the Golgi organelle is readily detected by microscopy, whereas in the flow 

cytometerr the integration of the fluorescent signal over the whole cell decreases sensitivity. 

Thee aim of the present study was to adapt this immunocytochemical method for 

intracellularr cytokine staining to a double staining method for both intracellular cytokines 

andd the cell surface markers CD8 and CD4. We applied some modifications to the 

advocatedd multistep double labelling protocol for tissue staining [11; protocol II]. The 

resultingg method was validated by studying T-cell clones and lines. With the resulting 

methodd we were able to study cytokine production by CD4+ and CD8+ subsets of 

peripherall blood T lymphocytes and BAL fluid cells. 

Inn previous studies we investigated the role of T lymphocytes in asthma [12-15]. 

Sincee an aberrant production of the T helper (Th) 2 cytokines IL-4, IL-5 and IL-13 is 

observedd in this disease [16-18] we used cells from the BAL fluid from asthma patients to 

studyy Th2 cytokine staining in fresh cells. 
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Material ss  and Method s 

Subjects Subjects 

Ninee volunteers (7 non-allergic healthy subjects and 2 allergic asthmatic subjects) were 

selectedd for the study. The healthy subjects comprised 5 females and 2 males; age range: 

200 to 39 years. They had no past or present history of wheezing, chest tightness, recurrent 

episodess of reversible airway obstruction, or allergy. All were radio allergosorbent test 

(RAST)) negative for a standard package of allergens tested, and they did not have bronchial 

hyperreactivityy (PC20histamine > 16mg/ml). 

Asthmaa was defined according to the American Thoracic Society (ATS) criteria and 

includedd a history of recurrent episodes of wheezing, chest tightness and dyspnoea [19]. 

Thee subjects with asthma were 22 and 26 years of age; one was a female. They had not 

experiencedd an exacerbation of asthma during at least 2 months before the study. They did 

nott use anti-inflammatory medication, in particular they did not use corticosteroids for at 

leastt 6 weeks prior to the study. Inhaled bronchodilators were withheld at least 8 h before 

alll investigations.The asthmatic subjects had PC20 histamine values of 0.6 and 1.5 mg/ml. 

Theyy had a positive RAST for house dust mite allergens. 

Bronchiall reactivity to histamine was determined by a two-minute tidal-breathing 

methodd [20]. The histamine threshold (PC20histamine) was defined as the interpolated 

concentrationn of histamine that caused a fall in FEV, of 20% of the baseline value. 

Nonee of the subjects had experienced recent airway infection and all were non-smokers. 

Thee study was approved by the Internal Review Board of the Academic Medical Center, 

Amsterdam,, and was performed after written informed consent had been obtained. 

CellsCells and cultures 

PBMCC were isolated from heparinized blood by centrifugation of the blood over 

Lymphoprepp (Nycomed Pharma, Oslo, Norway). 

Too obtain purified CD8+ T-cells buffy coats were used from healthy blood bank 

donors.. PBMC were isolated as mentioned. Then, negative selection was performed with 

thee use of magnetic beads. PBMC were incubated with saturating amounts of anti-CD4, 

anti-CD16,, anti-CD19 and anti-CD56 monoclonal antibody (mAb) (all from CLB Sanquin 

Bloodd Supply Foundation, Amsterdam, the Netherlands) at C for 30 min. After washing 

thee cells with Earle's Balanced Salts with Tris (Gibco, Paisley, UK) containing 2% foetal 

clonee serum (FCLS; Hyclone, Logan, Utah, USA), magnetic beads (Dynabeads, Dynal) 

coatedd with sheep-anti-mouse IgG were added. The cells bound to the magnetic beads were 
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concentratedd by a Dynal Magnetic Particle Concentrator. The remaining negatively selected 

cellss were subjected once more to the same procedure to remove possibly contaminating 

positivee cells. The negatively selected CD8+ T-cell population was found to be >84% 

CD8++ in the lymphocyte gate (which was set based on forward and side scatter) and 

containedd <0.15% CD4+ cells as determined by flow cytometry. 

T-celll clones were generated by a random cloning procedure with cells obtained 

fromm peripheral blood from healthy subjects [12]. Briefly, cells were directly seeded at one 

celll per well at the start of the procedure. Clones were propagated using coated anti-CD3 

mAbb (16A9, ascites; a gift from Dr. R.A.W. van Lier) as a stimulus. Growing clonal cells 

weree transferred to plates without anti-CD3 (after 2-3 weeks) and stimulated with 

phytohemaglutininn (PHA), IL-2 and irradiated PBMC. These cells were restimulated at 

weeklyy intervals. 

BALL fluid cells were obtained as described before [10]. After premedication with 

atropinee and codeine and after local anaesthesia with lidocaine, a flexible fiberoptic video-

bronchoscopee (Olympus p200) was wedged into a (sub)segment of the Mngula. Seven 

successivee 20 ml aliquots of sterile, prewarmed NaCI (154 mM) were instilled and each 

aspiratedd immediately with low suction. The aliquots 4-7 were combined and used for this 

study.. The cells were collected by centrifugation at 500 g for 10 min and resuspended in 

1000 u.1 of medium I consisting of Iscove's Modified Dulbecco's Medium (BioWhittaker, 

Walkersvillee MD), 10% heat-inactivated pooled human serum (BioWhittaker), 20 u:M B-

mercaptoethanoll (Merck, Munich, Germany), 2 mM sodium pyruvate (Merck), penicillin 

(1000 U/ml; Gist-Brocades, Delft, The Netherlands) and streptomycin (0.1 g/l, Gibco). 

Mucolysiss was performed using dithiotreitol (0.5 g/l, Sigma, St Louis, MO) and DNAse 

(0.0166 g/l, Sigma), after which the cells were washed 3 times with Hank's Balanced Salt 

Solutionn (BioWhittaker) containing 2% of foetal clone serum. The mucolysis procedure was 

appliedd as we had noticed that removal of mucus by passing the BAL fluid through a sieve 

resultedd in poor recovery of cells, in particular in several BAL fluid obtained shortly after 

allergenn challenge. 

CellCell stimulation and application to the slides 

Cellss (PBMC, (poly)clonal cells, BAL fluid cells) were resuspended in medium I at a 

concentrationn of 1 x 106 cells/ml and incubated for 4h without or with phorbol 12-myristate 

13-acetatee (PMA) (ranging from 10 pg/ml to 10 ng/ml, Sigma) + ionomycin (ranging from 

100 ng/ml to 10 ug/ml, Sigma) at C in humidified air containing 5% C02 . Next, the cells 

weree washed 3 times with ice-cold phosphate-buffered saline (PBS; 0.154 M NaCI, 10 mM 
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sodiumm phosphate, pH 7.4) and resuspended in ice-cold PBS at a concentration of maximal 

22 x 106 cells/ml. 10 ul aliquots of cells were subsequently pipetted to the reaction fields of 

adhesionn slides (BioRad, Munich, Germany). Slides were kept overnight at . 

ReagentsReagents and antibodies for intracellular labelling 

Fixationn was performed with 4% (w/v) paraformaldehyde (PFA, Merck) in Sorensen buffer 

(0.11 M sodium phosphate; Merck), supplemented with 0.3 mM glucose (Merck), pH 7.4. 

Permeabilizationn buffer was PBS containing 0 .1% (w/v) saponin (Sigma). Blocking of 

aspecificc binding was obtained by incubation with 10% (v/v) normal goat serum (Bio 

Trading,, Mijdrecht). 

Thee following monoclonal antibodies were used. Anti-IFN-y: MD2 {mouse IgGI; 

[21].. A cocktail of anti-IL-4 mAbs: 8F-12, 4D-9 and 1G1 {all mouse IgGI; [22]. Anti-IL-5: 

2374-011 (mouse IgGI; Genzyme, Emeryville, CA). The final concentrations of anti-cytokine 

antibodiess during the labelling procedure were 10 ng/ml. Anti-CD8 mAb: M1312 (mouse 

tgG2b;; CLB, Amsterdam, the Netherlands), final concentration 0.1 u-g/ml. Anti-CD4 mAb: 

BMS5003BT.011 (mouse lgG2a; BioWhittaker), final concentration 0.5 u.g/ml. Irrelevant IgG-

subclasss matched antibodies were used for negative controls. Goat-anti-mouse IgGI biotin 

labelledd Ab, goat-anti-mouse lgG2b alkaline phosphatase labelled Ab and goat-anti-mouse 

lgG2aa alkaline phosphatase labelled Ab (all from Southern Biotechnology Associates, 

Birmingham,, USA) were used during the secondary labelling procedure. Horseradish 

peroxidasee (HRP)-labelled streptavidin was from DAKO (P0397; Glostrup, Denmark). 

Tris(hydroxymethyl)-aminomethanee was from Merck. The substrate solution for alkaline 

phosphatasee development was prepared just before use. Naphthol-AX-MX-phosphate (1 % 

(w/v);; Sigma) was dissolved in N,N-dimethylformamide (Merck). 2% (v/v) of this solution 

wass added to 50 mM Tris buffer. Then, 0.03% (w/v) levamisole (Sigma) was added and the 

pHH adjusted to 8.5. Fast Blue BB reagent (0.02% (w/v); Sigma F3378) was dissolved in the 

substratee solution just before use and this solution was filtered. The aminoethyl-carbazole 

(AEC)) solution contained 10 mg/ml 3-amino-9-ethylcarbazole (Sigma), 1 mg/ml N,N-

dimethylformamidee (Merck), 0 .1% saponin and 0.05% H202 (Merck) in 50 mM sodium 

acetatee (pH 4.9). Both solutions were filtered just before use. Glycergel was from DAKO. 

StainingStaining procedure 

Thee procedure was carried out at room temperature. Slides were carefully washed 3 times 

withh 2 ml PBS. Cells were fixated with 4% PFA for 4 min, after which the slides were 

washedd with PBS containing 0 .1% saponin. From this step onwards, all washing and 
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incubationn steps were performed in this solution. Blocking of aspecific binding was by 

incubationn with 10% normal goat serum for 10 min, after which the slides were washed 

again.. Cells were incubated for 60 min with the antibodies: anti-CD8 together with an anti-

cytokinee antibody, anti-CD4 antibody together with an anti-cytokine antibody, or either of 

thee antibodies alone. Cells were washed and then incubated for 30 min with (mixtures of) 

goat-anti-mousee lgG2a or lgG2b alkaline phosphatase labelled antibodies (1:20) and the 

goat-anti-mousee IgGI biotin labelled antibody (1:50). After washing, cells were incubated 

withh HRP-labelled streptavidin (1:400) for 30 min. The cells were washed with PBS + 0.1 % 

saponinn followed by a wash with 100 mM Tris-buffer, pH 8.5. Next, the Fast Blue BB 

reagentt was added to the slides. Colour development was checked microscopically and was 

completedd within 5 min. After washing, the cells were treated with the freshly prepared 

AECC solution for 30 min. Cells were washed with PBS + 0 .1% saponin, imbedded in 

glycergell and scored using a light microscope. At least 500 cells were scored per labelling. 

Afterr scoring the origin of the slides was identified. 

CytokineCytokine assays 

Thee cells were incubated for 4 h without or with stimulus, after which cell supernatants 

weree obtained and stored at . The amounts of cytokines secreted in the supernatants 

weree measured by ELISA. ELISA of IFN-y and IL-5 were performed as described [10]. ELISA 

off IL-4 was from CLB. 

Result s s 

EffectsEffects of different amounts of stimuli 

Thee effects of different amounts of PMA and ionomycin upon cell recovery, cell viability 

andd cytokine staining, were studied as follows. Freshly isolated PBMC from an allergic 

asthmaticc donor were aliquoted in portions of 4 x 106 and stimulated during 4h with 

differentt amounts of PMA and ionomycin. After incubation, cells were washed with ice-

coldd PBS, stained with trypan blue and counted in a Bürker cell chamber. In representative 

experimentss concentrations of stimuli up to 100 pg/ml PMA plus 100 ng/ml ionomycin 

resultedd in the recovery and viability of the cells of 60% to 78% and 96%, respectively, 

beingg essentially the same as compared to no stimulation. At 10 ng/ml PMA plus 10 u.g/ml 

ionomycin,, cell recovery dropped to 23% and the viability dropped to 50%. Cells from the 

samee experiment were adhered onto slides and stained for intracellular cytokines. Up to 
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stimulationn with 100 pg/ml PMA plus 100 ng/ml ionomycin low numbers of cytokine-

positivee cells were found (maximally 2%). The stimulation with 1 ng/ml PMA plus 1 ug/ml 

ionomycinn resulted 50% recovery and 96% viability of the cells and in 7%, 3% and 1.5% 

positivee cells for IFN-y,IL-4 and IL-5 respectively. This was increased further to 28%, 4% 

andd 2% positive cells for IFN-y, IL-4 and IL-5, respectively, when 10 ng/ml PMA plus 10 

Ug/mll ionomycin was applied. We choose to apply 1 ng/ml PMA and 1 u.g/ml ionomycin 

inn all further experiments, because of the severe effects upon recovery and viability at 

higherr concentrations. 

StainingStaining of cell surface markers 

CD8CD8 staining of polyclonal CD8* T-cells 

Stainingg of unstimulated polyclonal CD8+ T-cells with anti-CD8 mAb resulted in >99% 

positivelyy (blue) staining cells. Controls replacing the primary antibodies by irrelevant 

antibodiess matching for IgG subclass and protein concentration were consistently negative. 

Next,, polyclonal CD8+ cells were stimulated with PMA and ionomycin and they were 

mixedd in different ratios with unstimulated CD4+ clonal cells. Results in Table 1 show that 

whenn 100% stimulated polyclonal CD8+ cells were applied, 9 1 % were detected to be 

CD8+ ,, whereas in the 100% clonal CD4+ population 1.6% was scored CD8+. In mixtures 

off CD8+ and CD4+ cells, the anti-CD8 antibody detected specifically the CD8+ cells in the 

correspondingg percentages (Table 1 and 4). Thus, in a mixture of 60% CD4+ cells and 40% 

CD8++ cells the detected percentage CD8* cells was 39.3% (  0.7% (s.d.), n = 3; based on 

Tablee 1, 2 and 4). 

Tablee 1. Percentages of cells staining positive or negative for CD8 and IFN-y. Mixtures of PMA plus 
ionomycinn stimulated polyclonal CD8+ cells and unstimulated clonal CD4+ cells (clone 5B5) were 
applied. . 

Mixture e 
(%% of eel Is) 
CD44 CD8 
1000 0 
800 20 
600 40 
200 80 
00 100 

CD8++ IFN-y+ 

0.4* * 
5.4 4 
9.2 2 

22.2 2 
27.2 2 

CD8++ IFN-y 

1.2 2 
19.4 4 
30.0 0 
53.2 2 
63.8 8 

Cellss staining 

CD8"" IFN-y+ 

0.2 2 
0.4 4 
0.6 6 
0.2 2 
0.8 8 

for r 

CD8-- IFN-y 

98.2 2 
74.8 8 
60.2 2 
24.4 4 

8.0 0 

Total l 
CD88 + 

1.6 6 
24.8 8 
39.2 2 
75.4 4 
91.0 0 

Total l 
IFN-y+ + 

0.6 6 
5.8 8 
9.8 8 

22.4 4 
28.0 0 
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CD4CD4 staining of CD4+ T-ce!l clonal cells 

Unstimulatedd cells from the CD4+ T-cell clone 5B5, that were stained with anti-CD4 mAb, 

weree >99% positive. Controls replacing the primary antibodies by irrelevant antibodies 

matchingg for IgG subclass and protein concentration were consistently negative. Next, 

unstimulatedd clonal CD4+ cells were mixed in different ratios with stimulated polyclonal 

CD8++ cells (Table 2). When cells were subsequently stained with anti-CD4 mAb it was 

foundd that in case of 100% CD4+ cells applied in this experiment 86.6% were detected as 

CD4+,, whereas in the 100% CD8+ population only 0.2% was detected to be C D 4 \ In 

mixturess of CD4+ and CD8+ cells the anti-CD4 antibody detected specifically the CD4+ 

cells. . 

Tablee 2. Percentages of cells staining positive or negative for CD4 and IFN-y. Mixtures of PMA plus 
ionomycinn stimulated polyclonal CD8+ cells and unstimulated clonal CD4+ cells (clone 5B5) were 
applied. . 

Mixture e 
(%% of eel Is) 
CD44 CD8 
1000 0 
800 20 
600 40 
200 80 
00 100 

CD4++ IFN-y+ 

0.0* * 
0.0 0 
0.0 0 
0.2 2 
0.0 0 

CD4++ IFN-y' 

86.6 6 
71.8 8 
61.4 4 
22.0 0 

0.2 2 

Cellss staining 
CD4-- IFN-y+ 

0.0 0 
8.0 0 

10.8 8 
24.0 0 
34.4 4 

for r 

CD44 IFN-y 

13.4 4 
20.2 2 
28.0 0 
53.8 8 
65.4 4 

Total l 
CD4+ + 

86.6 6 
71.8 8 
61.4 4 
22.2 2 

0.2 2 

Total l 
IFN-y+ + 

0.0 0 
8.0 0 

10.8 8 
24.2 2 
34.4 4 

StainingStaining of cell surface markers together with intracellular cytokines in T-cell lines and 

clones clones 

CellCell surface markers CD8 or CD4, and intracellular IFN-y 

Too obtain independent information on the IFN-y production by the cells the production of 

IFN-yy was measured in the supernatants from the 4h cell cultures. Stimulated polyclonal 

CD8++ cells produced 2.8 ng IFN-y/ml, whereas unstimulated CD4+ 5B5 cells only 

producedd 80 pg/ml. These cell populations were used to validate the double staining 

procedure.. Of the stimulated CD8+ cells 27.2% stained positive for IFN-y (Table 1). The 

unstimulatedd clonal CD4+ cells hardly (0.6%) stained for IFN-y When both populations 

weree mixed the numbers of IFN-y+ cells very well reflected the ratios of the different cell 

typess applied. 
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Next,, CD4 staining was applied using parallel samples of both the stimulated polyclonal 

CD8++ cells and the unstimulated clonal CD4+ cells (Table 2). The unstimulated clonal cells 

stainedd for 86.6% positive for CD4 and were negative for IFN-y. When stimulated 

polyclonall CD8+ T-cells were added, the percentages of CD4+ staining cells went down, 

whereass the percentages of cells staining for IFN-y increased up to 34.4% in the case of 

100%% CD8+ cells (differences between expected and detected numbers of IFN-y+ cells were 

alwayss below 3.4% of the expected percentage). 

Whenn 5B5 clonal CD4+ cells were stimulated with PMA and ionomycin, they 

producedd 9 and 7 ng IFN-y/ml at 4h. Staining for intracellular IFN-y showed that 68.8% of 

thesee cells were positive (Table 3). Polyclonal CD8+ cells again stained for 34% IFN-y+. 

Tablee 3. Percentages of cells staining positive or negative for CD4 and IFN-y. Mixtures of PMA plus 
ionomycinn stimulated polyclonal CD8+ cells and PMA plus ionomycin stimulated clonal CD4+ cells 
(clonee 5B5) were applied. 

Mixture e 
(%% of cells) 
CD44 CD8 
1000 0 
800 20 
600 40 
200 80 
00 100 

CD4 ++ IFN-y+ 

17.2* * 
10.4 4 
11.0 0 
4.0 0 
2.5 5 

CD4++ IFN-y" 

15.0 0 
9.8 8 
9.5 5 
2.0 0 
2.0 0 

Cellss staining 

CD44 IFN-y+ 

51.6 6 
43.0 0 
39.5 5 
34.5 5 
31.5 5 

for r 

CD44 IFN-y' 

25.2 2 
36.6 6 
40.0 0 
59.5 5 
64.5 5 

Total l 
CD4+ + 

32.3 3 
20.2 2 
20.5 5 

6.0 0 
4.5 5 

Total l 
IFN-y+ + 

68.8 8 
53.4 4 
50.5 5 
38.5 5 
34.0 0 

Figuree 1 shows results in a mixture of stimulated polyclonal CD8+ cells and stimulated 

clonall CD4+ cells stained for CD8 (blue membrane staining) and intracellular IFN-y (red 

intracellularr spots). When stained for CD4 only 32.2% of the cells were positive. 

Stimulationn with PMA and ionomycin clearly negatively affected CD4 staining. Mixtures 

off these cell types showed corresponding levels of both cytokine and cell surface molecule 

staining.. For IFN-y any differences between expected and detected numbers were below 

8.57oo of the expected percentage; for CD4 these differences were below 6.5%. 
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Figur ee 1. A mixture of 20% 
CD8++ and 80% CD4+ T 
lymphocytess adhered to coated 
slidess was stained for CD8 (blue 
alkaline-phosphatasee signal) and 
intracellularr IFN-y (red 
peroxidasee signal). Cells were in 
vitrovitro stimulated with PMA and 
ionomyin.. The size of the bar 
correspondss to 20 \im. The 
insertt shows an enlargement of 
aa double positive cell. 

« « 
Q Q 
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T T 
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set set 
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Figur ee 2. A mixture of 40% 
CD8++ and 60% CD4+ T 
lymphocytess was stained for 
CD88 and intracellular IL-4. The 
insertt shows an enlargement of 
aa cytokine-negative CD8 cell, a 
cytokine-positivee CD8 cell and 
aa cytokine-positive CD4 cell. 

'^%K. '^%K. 

'O O 

® ® 
Figur ee 3. As figure 1 BAL fluid 
cellss were stained for CD8 and 
IFN-y.. The insert shows a 
doublee positive cell. 
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CellCell surface markers CD8 or CD4 and intracellular 11-4 

InIn vitro stimulated polyclonal CD8+ cells hardly stained for IL-4 (2%, Table 4; 250 pg IL-

4/mll in supernatant). Unstimulated CD4+ T-cell clone H47 cells were negative for IL-4 

stainingg as well (0.5%, data not shown; IL-4 in supernatant below detection limit). 

Stimulatedd H47 cells stained for 92.5% positive for IL-4 (Table 4; IL-4 in supernatant was 

> 22 ng/ml). Mixtures of stimulated H47and polyclonal CD8+ cells were reflected both in 

percentagess of CD8+ and IL-4+ cells counted. For CD8, the numbers detected deviated 

maximallyy 4.0% from numbers expected; for IL-4 differences were maximally 4.8%. Figure 

22 shows results in a mixture of 40% stimulated CD8+ cells and 60% stimulated CD4+ cells 

stainedd for CD8 and IL-4. In those experiments control IgGI subclass antibodies did not 

reveall any positive staining of the cells. 

Tablee 4. Percentages of cells staining positive or negative for CD8 and IL-4. Mixtures of PMA plus 
ionomycinn stimulated polyclonal CD8+ cells and PMA plus ionomycin stimulated clonal CD4+ cells 
(clonee H47) were applied. 

Mixture e 
(%% of cells) 
CD4 4 
100 0 
80 0 
60 0 
20 0 
0 0 

CD8 8 
0 0 
20 0 
40 0 
80 0 
100 0 

CD8++ IL-4+ 

0.0* * 
0.0 0 
0.0 0 
0.5 5 
2.0 0 

CD8++ IL-4" 

0.0 0 
17.0 0 
40.0 0 
77.5 5 
90.5 5 

Cellss staining 
CD8"" IL-4+ 

92.5 5 
77.5 5 
51.5 5 
18.0 0 
0.0 0 

for r 
CD88 IL-4 

7.0 0 
5.5 5 
8.0 0 
4.0 0 
6.0 0 

Total l 
CD88 + 

0.0 0 
17.0 0 
40.0 0 
78.0 0 
92.5 5 

Total l 
IL-44 + 

92.5 5 
77.5 5 
51.5 5 
18.5 5 
2.0 0 

** % of total cells 

StainingStaining of PBMC and bronchoalveolar lavage cells 

IgG-subclasss antibodies matched for antibodies to detect the cytokine proteins and the cell 

subsetss did not reveal positive staining of the cells either in PBMC nor in BAL fluid cell 

preparations. . 

Day-to-dayDay-to-day variability of double staining 

PBMCC from a healthy blood bank donor were isolated from a buffy coat and aliquots were 

storedd in liquid nitrogen. On 6 different days a vial was thawn and double staining was 

performedd as described. Both unstimulated and stimulated cells showed reproducible 

stainingg for CD8 (s.e.m. below 10%). In frozen PBMC which were not in vitro stimulated 
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thee mean percentage of cytokine-positive celts was 1.5, 1.5 and 2.2 for IL-4, IL-5 and IFN^y, 

respectively.. In frozen, in vitro stimulated PBMC, these values were 3.4, 2.3 and 5.8, 

respectively. . 

DoubleDouble staining of cell surface markers and intracellular cytokines in fresh PBMC of 

healthyhealthy subjects 

PBMCC were obtained from 7 healthy subjects. Part of the cells were stimulated with PMA 

pluss ionomycin (n = 6) and part of the cells were incubated without stimulation (n = 7). 

Tablee 5 shows the results. Unstimulated PBMC showed 0.34-2.84% cytokine-positive cells 

(highestt frequency for IFN-y). The majority of the cytokine-positive cells resided in the CD8" 

population.. Stimulated PBMC showed 0.87-7.5% cytokine-positive cells (highest frequency 

forr IFN-y). 

Tablee 5. PBMC from healthy subjects. Staining for either CD8 and one of the cytokines IFN-y, IL-4 
orr IL-5. Fresh cells were not stimulated or stimulated with PMA and ionomycin. Depicted are mean 
valuess  SD. Corrected for B-cells, NK-cells and monocytes. 

Stimulus s 

IFN-y y 
IL-4 4 
IL-5 5 

withoutt stimulus 
%CD8+cyt+ + 

(n -7 ) ) 
0.04** 1 

0.099 5 
0.100 + 0.27 

%CD8cyt+ + 

(nn = 7) 
2.800 6 
0.400 7 
0.244 4 

withh stimulus 
%CD8+cyt+ + 

(nn = 6) 

1.700  1.34 
0.400 1 

0 0 

%CD8cyt+ + 

(n -6 ) ) 
5 .8315.26 6 
2.877 + 2.92 
0 .8711 1.25 

cyt+,, cytokine staining positive; * % of T lymphocytes 

DoubleDouble staining of cell surface markers and intracellular cytokines in fresh BAL fluid cells 

ofof allergic asthmatic subjects 

BALL fluid cells were obtained from 2 allergic asthmatic subjects. Double staining of CD8 

orr CD4 together with the intracellular cytokines IFN-y, IL-4 or IL-5 was performed (Table 

6). . 

Unstimulatedd BAL fluid cells showed 0% IFN-y+ cells, 1.3% and 22.3% IL-4+ cells, 

andd 0% and 1.2% IL-5+ cells (expressed as positive cells in percentage of lymphocytes). The 

majorityy of the cytokine-positive cells always resided in the CD8 population. Stimulated 

BALL fluid cells showed 10.1% and 34.0% IFN-y+ cells, 3.9% and 21.0% IL-4+ cells, and 

0%% and 4.3% IL-5+ cells, with the majority of the cytokine-positive cells in the CD8 

population.. Figure 3 shows a BAL fluid cell preparation stained for CD8 and IFN-y. 

123 3 



ChapterChapter 8 

Tablee 6. BAL fluid cells from 2 allergic asthmatic subjects. Staining for either CD8 and one of the 
cytokiness IFN-y, IL-4 or IL-5. Cells were not stimulated or stimulated with PMA and ionomycin. 
Depictedd are mean values of each subject. 

Stimulus s 

IFN-y y 
IL-4 4 
IL-5 5 

withoutt stirr 
%CD8+cyt+ + 

(n-2) ) 
0* /0* * 
00 /5.6 
00 /o 

ulus s 
%CD8cyt+ + 

<nn = 2) 
0 / 0 0 

1.3/16.7 7 
1.2/0 0 

withh stimulus 
%CD8+cyt+ + 

(n-2) ) 
2.5/7.6 6 
1.3/0 0 
0.9/0 0 

%CD8"cyt+ + 

(n-2) ) 
7.6/26.4 4 
2.6/21.0 0 
3.4/0 0 

cyt+,, cytokine staining positive; * % of total cells minus alveolar macrophages 

Discussio n n 

Wee succeeded in developing an immunocytochemical method for simultaneous staining 

off both cell surface markers (CD4 and CD8) and intracellular cytokines. Cell surface 

markerss and intracellular cytokines were labelled with specific mouse monoclonal 

antibodiess of different IgG subclasses. A blue alkaline phosphatase signal was applied for 

markingg the membrane staining of CD4 and CD8. The peroxidase staining for intracellular 

cytokiness resulted in red intracellular spots representing the stored cytokine in the Golgi 

apparatus.. This double staining method makes it possible to combine the advantages of the 

immunocytochemicall method with the possibility to discriminate between different cell 

types.. This method may have a higher sensitivity of detection of intracellular cytokines and 

itt requires lower cell numbers than the flow cytometric method; furthermore it detects 

alreadyy cytokine-positive cells in cell populations that have not been stimulated in vitro 

[9,10]. . 

Recently,, several improvements have been reported for the flow cytometric method 

[7,23].. Now, it is possible to analyse intracellular cytokines in 500 u.1 whole blood samples. 

Furthermore,, since 3 and even 4 colour-flow cytometry has become available, it is possible 

too more precisely discriminate the subsets of cells studied, for example memory/effector T-

cellss [24]. However, in vitro stimulation is still necessary to detect the intracellular 

cytokiness using flow cytometry. 

Differentt stimulation protocols are being used in various methods. For example, 

PBMCC of healthy controls were stimulated for 5h with 10 ng/ml PMA plus 1 u,M ionomycin 

resultingg in 7% of the cells staining positive for IFN-y and 0.5% for IL-4 [6]. Jason and 

Lamedd [8] used a 4-5.5h stimulation of PBMC with 50 ng/ml PMA plus 1 ng/ml ionomycin 

resultingg in 53% IFN-y+ cells. We decided to perform a titration study of the frequently used 
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stimulii PMA and ionomycin first. In these experiments we not only studied the percentages 

off cytokine-positive cells but also the effects of these stimuli on cell recovery and viability. 

Upp to 1 ng/ml PMA plus 1 u.g/ml ionomycin viability was similar to control and the 

recoveryy was close to control values. After stimulation with 10 ng/ml PMA plus 10 u.g/ml 

ionomycinn the cell recovery and viability dropped to 23% and 50%, respectively. Although 

thee latter conditions resulted in higher percentages of cytokine-positive cells, we decided 

too use stimulation with 1 ng/ml PMA plus 1 ng/ml ionomycin in our experiments. These 

conditionss resulted in a higher recovery and viability of the cells, thereby probably better 

approachingg the original cell population. As for the kinetics, we have previously shown that 

withh 1 ng/ml PMA plus 1 u.g/ml ionomycin the 4h time-point is optimal when studying the 

33 cytokines IFN-y, IL-4 and IL-5 [10]. 

Next,, the specificity of both cell surface marker staining and intracellular cytokine 

stainingg of this method was confirmed by the use of polyclonal CD8+ T-cell lines and CD4+ 

T-celll clones. The phenotypes of these lines and clones were checked by flow cytometry 

andd cytokine production was assessed by measuring the cytokines in the cell supernatants 

withh ELISA. 

Stimulationn of cells by PMA and ionomycin lowers the expression of the CD4 

moleculee [25]. Under our conditions stimulated cells only showed weak staining for CD4, 

whilee the cells from the same origin without stimulation showed clear staining. Until now 

wee were not able to improve the staining for CD4. Application of the antibody prior to the 

inin vitro stimulation did not improve CD4 staining. So, we assessed the clearly detectable 

CD8++ cells and subtracted those from total T lymphocytes and defined this group the CD4+ 

population. . 

Withh the double staining method developed we studied both cells from peripheral 

bloodd and BAL fluid. Without in vitro stimulation we found up to a mean of 2.8% cytokine-

positivee T cells (for IFN-y in the CD4+ population). BAL fluid cells from allergic asthmatic 

subjectss were chosen to demonstrate the possibilities of our staining procedure further. We 

hadd noticed that removal of any mucus from BAL fluid resulted in the loss of considerable 

numberss of cells for several BAL fluid preparations, in particular when BAL fluid was 

obtainedd after segmental allergen challenge. Therefore, we have chosen to treat our BAL 

fluidd samples with DTT and DNAse to recover as many cells as possible. In unstimulated 

BALL fluid cells much higher numbers cytokine-positive cells were found (up to 22% of the 

lymphocytess being IL-4+ cells). This may reflect the in vivo activation which takes place in 

thee airways of asthmatic subjects [17]. Without stimulation IL-4+ and IL-5* cells but no IFN-

y++ cells were found. After in vitro stimulation of the cells, in both patients IFN-y+ cells were 
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thee most frequently found cells. Thus, stimulation alters the cytokine profile detected. 

Ourr present data for asthma are similar to those of Krug et a/. [6] and our earlier 

resultss [10]. In previous studies we investigated the role of T lymphocytes in asthma [12-15]. 

Sincee the aberrant production of the Th2 cytokines IL-4, IL-5 and IL-13 is generally thought 

too play a pathophysiological role in asthma [16-18], and IFN-y, on the other hand, might 

counteractt Th2 responses [26], our method may be of use in the further analysis of BAL 

fluidd cell populations from such patients. 

Wee conclude that this method allows detection of intracellular cytokine proteins in 

bothh CD8+ and CD8 T cells without the need for stimulating the cells in vitro. After in vitro 

stimulationn of the cell suspensions, higher percentages of cytokine-positive cells were found 

inn accordance with the generally used protocols for flow cytometric intracellular cytokine 

detection.. However, the relative proportions of IFN-y and IL-4 positive cells may be affected 

byy the stimulation. The method is particularly useful for the detection of low numbers of 

intracellularr cytokine containing subsets of cells. 
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