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To evaluate the possibility of using surface molecules as 
markers for human T helper cell subsets, we studied the ex- 
pression of surface molecules on T cell clones (TCCs) spe- 
cific for the major birch pollen allergen, Bet v 1. No differ- 
ence in the expression of the respective receptors for 
interferon-~/ (IFN-~/), IL-4, IL-6, or IL-10 could be detected 
on T~ subsets, nor did CD25 expression (IL-2R oL-chain) dif- 
fer significantly. However, high expression of CD26 antigen 
(dipeptidyl peptidase IV) correlated with a Tin/Trio-like phe- 
notype, whereas Tin-like clones displayed a lower expression 
of CD26 antigen. Comparing cytokine production and CD26 
expression simultaneously, we found a correlation between 
the IL-4/IFN-~ ratio and the density of CD26 per cell. We 
could show that the amount of IL-4 secretion, and not of 
IFN--/secretion, was responsible for this correlation. To 
evaluate whether CD26 antigen expression is regulated by 
stimuli inducing a T m-  or Tin-like phenotype, peripheral 
blood mononuclear cells (PBMC) were cultured in the pres- 
ence of IL-4, IFN-y, and IL-12, respectively. Incubation with 
IL-4 led to T ceils with a Tn2-1ike cytokine pattern and a sig- 
nificantly lower expression of CD26; IFN-~ and IL-12 led to 
a T m shift associated with an increased expression of CD26 
on CD4 + T cells. By means of intracellular cytokine detection 
we analyzed expression of CD26 on CD4 + PBMC stimulated 
to produce IFN-~/or IL-4 on a single cell level. All activated, 
cytokine-producing CD4 + T cells expressed CD26, but the 
increase in CD26 expression was higher in ceils producing 
IFN-~/. These data suggest that regulation of CD26 cell sur- 
face expression correlates with the production of Tin-like 
cytokines. (J Allergy Clin Immunol 1997;100:348-55.) 
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Abbreviations used 
FITC: Fluorescein-isothiocyanate 
HBSS: Hanks' balanced salt solution 
INF-y: interferon y 
mAbs: monoclonal antibodies 

NK: natural killer 
Tin, Tin, Trio: T helper cells 

TCCs: T cell clones 
PBMC: Peripheral blood mononuclear cells 

PE: Phycoerythrin 
PHA: Phytohemagglutinin 
PMA: Phorbol 12-myristate 13-acetate 

Hum an  T cell responses have been subdivided into 
two functionally distinct subsets on the basis of their 
cytokine production profiles. >4 T m cells produce inter- 
feron-y (IFN-y) and IL-2 but little or no IL-4 or IL-5, 
whereas T m cells mainly produce IL-4 and IL-5. This 
concept was originally based on data from CD4 ÷ cells, 
but evidence is increasing that similar subsets exist in the 
CD8 + populat ion (Tcl  and Tc2 subsets). 4-6 

The main problem in studying the role of T m  and T m  
subsets in different disease states is the lack of reliable 
cell surface markers for these cell subsets. Furthermore,  
individual human T cells and T cell clones (TCCs) 
display a remarkable diversity in their cytokine pro- 
files. 7-9 Collectively they form a continuous spectrum in 
which T m and TH2 cells may be only two of the possible 
extreme phenotypes. Recently, preferential expression 
of CD30 by CD4 + human  TH2-1ike cells has been 
reported?°, 11 Again, CD30 is not  strictly limited to T m 
cells, but with these subsets the expression is stronger 
and more sustained. Hum an  T m and T m cells differ not  
only in their lymphokine secretion profile, but  also in 
their responsiveness to lymphokines. 12, 13 Several reports 
suggest that IL-2, IL-4, IL-10, and IFN-7 regulate the 
differentiation of T cells into T H subsets? 3, 14 IL-4 is one 
of the most potent  inducers of T m development and 
inhibits differentiation and function of Tin- l ike  cells, 
thereby favoring its own production. ~2-14 On the other 
hand, IFN-y is an inducer of Tin- l ike  cells and these are 
characterized by IFN-y production. In contrast to IL-4 
and IFN-y, IL-12 is a cytokine mainly produced by 
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antigen-presenting cells (monocytes, macrophages, B 
cells). Due to its natural  killer (NK) cell and T cell 
stimulating properties, IL-12 was originally termed NK 
cell stimulatory factor or cytotoxic lymphocyte matura- 
tion factor. ~547 IL-12 induces IFN-~/product ion by NK 
cells and T cells, initiates differentiation of TH1 cells, ~8' ~9 
and downregulates TH2 cell expansion, a° Because IL-4, 
IFN-y, and IL-12 are potent  inducers of the T m -  or 
TH2-1ike phenotype, respectively, it is not  unlikely that 
they influence the expression of surface molecules asso- 
ciated with a T m -  or Tin- l ike  phenotype. 

CD25 and CD26 are surface molecules correlating 
with T cell activation. CD25 is the c~-chain of the IL-2R, 
and is expressed on activated cells including T cells, B 
cells, and monocytes. 2~ CD26 is a proteolytic enzyme 
(dipeptidyl peptidase IV) present on resting T cells, and 
T cell activation is accompanied by enhanced expression 
of CD26. 22 Memory T cells have been shown to reside in 
the CD26 + T cell fraction. Recent  developments indi- 
cate that CD26 is a multifunctional molecule that may 
play an important  role in the regulation of immune 
functions and that is necessary for normal  T cell func- 
tion. CD26 is able to transmit an activating signal to the 
T celI and binds a variety of nonsubstrate ligands 
(including CD45 and the human immunodeficiency virus 
trans-activating [Tat] protein). 23, 24 Recently, it has been 
suggested that CD26 expression correlates with the 
production of IFN-y in granulomatous diseasesY Based 
on the concept that there might be a cont inuum within 
the CD4 ÷ T cell populat ion rather than several distinct 
populations, we looked for surface markers expressed on 
T cells in general, but which are likely to be expressed in 
different densities in distinct T cell subsets. Thus, in this 
study we attempted to characterize molecules that are 
mediating T m -  or THe-like differentiation, and/or mol- 
ecules that are induced after T cell activation. 

We have analyzed the expression of receptors for 
cytokines (IFN-y, IL-4, IL-6, and IL-10) and activation 
markers (CD25, CD26) on TCCs specific for the major 
birch pollen allergen, Bet v 1. 26 Furthermore,  the cell 
surface density of CD26 Was correlated with the amount  
of secreted IFN-y and IL-4 in TCCs. Production of 
IFN-y and IL-4 and expression of CD26 was studied on 
a single cell level on CD4 + lymphocytes from peripheral 
blood. The influence of IL4, IFN-y, and IL l2  on both 
parameters was investigated in peripheral blood mono-  
nuclear cells (PBMCs) of healthy and atopic donors. 
Our  data suggest that expression and regulation of CD26 
on CD4 ÷ lymphocytes correlates with the production of 
a T m-l ike  cytokine pattern. 

METHODS 
Subjects and allergen-specific T cell clones 

PBMCs were obtained from 10 patients allergic to birch 
pollen. Type I allergy to birch pollen was assessed by typical 
case history, positive skin tests, and positive RAST scores. 
Furthermore, each patient's plasma was tested for the presence 
of Bet v 1-specific IgE by immunoblot analysis. 27 Ten healthy 

volunteers without a history of atopic allergy were included in 
this study. 

TCCs specific for Bet v 1 used ia this study have been 
described previously, v, 8, 25 According to their cytokine produc- 
tion, TCCs were classified as T m or TH2 when the ratio of 
IL-4:IFN-y production was <1:10 (TH~) or >10:1 (T1~2) , re- 
spectively. All other TCCs were designated TH0. TCCs were 
restimulated either with 10 ~tg/ml recombinant Bet v 129 or 1% 
phytohemagglutinin (PHA) vol/vol (Life Technologies, Grand 
Island, N.Y.) for 24 hours before analysis. 

PBMC cultures 
PBMCs were isolated from heparinized blood samples of 

healthy and atopic donors by Ficoll-Paque (Pharmacia, Upp- 
sala, Sweden). Cells were analyzed on days 0, 7, and !4. After 
the initial examination on day 0, a quantity of 2×107 PBMCs 
were cultured in 20 ml Ultra Culture Medium (Bio Whittaker, 
Walkersville, Md.) supplemented with glutamine (2 mmol/L), 
gentamycin, and mercaptoethanol. Cultures were stimulated for 
the initial 3 days with 1% PHA vol/vol (Life Technologies) and 
either 100 U/ml IL-12 (gift from M. Gately, Hoffmann La- 
Roche, Nutley, N.J.), 1000 U/mt IFN-y (Boehringer Mann- 
helm, Mannheim, Germany), or 0.5 ng/ml IL-4 (Saxon Bio- 
chemicals, Hannover, Germany). On day 3, cells were washed 
and cultured in fresh medium with the same concentration of 
the respective cytokine as initially used, and IL-2 (20 U/ml, 
Genzyme, Boston, Mass.) was added. Cells were again analyzed 
on day' 7. On day 10, 10 ml fresh medium was added to the 
!4-day cuttures. 

Cytokines (EEISA} 
TCCs were stimulated with Bet v 1 or PHA (see aboveL and 

supernatants were collected after 24 hours of further incuba- 
tion. IL-4 and IFN-y levels in the supernatams were measured 
with sap~dwich ELISA techniques provided by Genzyme 
(IFN-y) and Quantikine R&D Systems (IL-4)(Minneapolis. 
Minn.). 

Flow cytometry and antibodies 
Cells were haz~/ested, washed, and resuspended in Hanks' 

balanced salt solution (HBSS) containing 0.2% bovine serum 
albumin and 0.3% NaN 3 and were preincubated for 20 minutes 
on ice with I0% human A B -  serum. Thereafter. 5 x l0 S cells 
were washed with HBSS and incubated with 50 .al of monocto- 
nal antibody (mAb) for 30 minutes on ice. After washing, the 
cells were treated with fluorescein-isothiocyanate (FITC)- 
labeled F(ab')2 fragments of goat anti-mouse IgG antibodies 
from Caltag Laboratories (Medac. Hamburg, Germanyj for 30 
minutes on ice. Isotype-matched irrelevant mouse antibodies 
were used as a control. In bulk cultures, cells were washed and 
incubated with a phycoerythrin (PE)-labeled anti-CD4 or anti- 
CD8 mAb (Becton Dickinson. Mountain View. CaIif.~ for 
another 30 minutes on ice. After final washing three rimes, at 
least 10 ~ cells were analyzed on a FACScan (Becton Dickin- 
son I. The mAbs recognizing the receptors for IL-4 tML-4R- 
M57), IL-6 (M91), [L-10 (B-R10 and B-R20), and IFN-y 
(GIR-208) were obtained from the Fifth International Work- 
shop on Leukocyte Differentiation Ax~tigens. The mAbs against 
CD25 arid CD26 were purchased from Immunotech/Marseilte, 
France). 

Intracellular cytokine detection 
Flow cytometric assessment of T cell cytokine production was 

performed essentially according to the technique described by 
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FIG. 1. Established Bet v 1-specific TCCs (n - 16) were classified 
as THI-, THO-, or TH2-1Jke as described in the Methods  section. The 
clones were st imulated wi th rBet v 1 for  24 hours and subse- 
quent ly  stained for  CD26. Data are Presented as mean channel 
f luorescence. Expression of  CD26 was signi f icant ly higher in Tin- 
than in TH24ike clones (p = 0.009), whereas no signif icant differ- 
ence was found between Tm:THo (p 0.414) and TH0:TH2 (p = 
0.070). 

Jung et al. 3° and modified according to Assenmacher et al. 3~ In 
brief, PBMCs were isolated and cultured as described above. 
On day 7, cells were stimulated with 10 ng/ml phorbol 12- 
myristate 13-acetate (PMA) and 1.25p~mol/L ionomycin in the 
presence of 21~mol/L monensin (all from Sigma Chemical Co., 
St. Louis, Mo.) for 4 hours. Cells were then harvested, washed, 
and fixed with 2% formaldehyde. Cells were made permeable 
with 0.1% saponin in HBSS. Cytokine-specific mouse anti- 
human mAb (IFN-'y [4S.B3], FITC- or PE-labeled, and IL-4 
[8D4-8], PE-labeled), as well as the respective isotype controls, 
were obtained from Pharmingen (San Diego, Calif.). The 
anti-CD4 mAb was labeled with PerCP (Becton Dickinson). 
Three-color staining was performed and cytokine production 
was analyzed in the CD4 + lymphocyte population. In some 
experiments, FITC-labeled anti-CD26 mAbs (Becton Dickin- 
son) were combined with anti-CD4 mAbs and either anti-IFN-3~ 
or anti-IL-4 mAbs. 

Statistics 
Data were analyzed according to Student's t test. The corre- 

lation between cytokine production and CD26 expression was 
analyzed by linear regression. 

RESULTS 
Expression of cell surface molecules on TCCs 

Bet v 1-specific TCCs (n = 16) from atopic patients 
were stimulated with rBet v 1 (10 ~g/ml) for 24 hours 
and subsequently analyzed for the expression of recep- 
tors for IL-4, IL-6, IL-10, and IFN-% respectively. 
Clones had been characterized as THo-like (n = 5), 
Tin-like (n = 7), or Tn2-1ike (n = 4) according to the 
ratio of their IL-4/IFN--/ production. 7 Receptors for 
IL-6 and IFN-~/were expressed at rather high levels in 
all TCCs, with an average of 48% and 46%, respectively. 
On the other hand, IL-4R and IL-10R generally were 
expressed at lower levels (14% and 11%, respectively) 
and were undetectable in some cases. No significant 

correlation between receptor expression and T u subset 
could be found, neither with respect to the percentage of 
positive cells nor cell surface density. The same TCCs 
(n = 16) were also analyzed for the expression of CD25 
and CD26. Whereas no correlation between CD25 ex- 
pression and T~ subset could be observed, a significant 
difference in the amount of CD26 expression between 
Tin-  and TM2-1ike phenotypes (p -- 0.009) was detected 
(Fig. 1). 

Correlation of CD26 expression and cytokine 
production on TCCs 

To evaluate the association between cytokine pro- 
duction and CD26 expression, 36 Bet v 1-specific 
TCCs were stimulated with PHA for 24 hours. The 
ratio between IL-4 and IFN-~/ production was com- 
pared with CD26 expression. As shown in Fig. 2, a low 
ratio of IL-4/IFN-7 was associated with high CD26 
expression (p = 0.012). When absolute levels of IL-4 
production were analyzed in comparison with CD26 
expression (Fig. 2), the significance of a negative 
correlat ion was even higher (p = 0.0002), whereas no 
correlation was found between IFN-- /produc t ion  and 
CD26 expression (Fig. 2). 

CD26 expression on cytokine-producing cells 

To determine CD26 expression on cells producing 
IFN--/ or IL-4 on a single cell level, PBMCs were 
stimulated for 4 hours with PMA and ionomycin in the 
presence of monensin, and subsequently stained for 
CD4, CD26, and the respective cytokine. Cells were 
gated as CD4 ÷ lymphocytes. Fig. 3 shows dot plot 
representations of cells stained for IFN--/(left side) and 
IL-4 (right side). Overlay histograms revealed that cells 
producing IFN-~ (lower left) as well as IL-4 (lower right) 
had elevated levels of CD26 as compared with the 
nonproducers. However, cells that produced IFN-~ dis- 
played a more pronounced shift. 

Cytokines regulate CD26 expression in CD4 + T 
cells 

PBMCs from healthy and atopic donors (n -= 7) were 
stimulated with PHA and cultured for up to 14 days with 
either IL-12 (100 U/ml), IFN-~/ (1000 U/ml), IL-4 (0.5 
ng/ml), or without any cytokine. Cells were double- 
stained for CD4 and for CD26 and CD25, respectively, 
and were gated as CD4 ÷ lymphocytes. Fig. 4 shows that 
CD26 expression was significantly higher when IL-12 
was present in the culture system (p < 0.0001 on day 7, 
p = 0.0004 on day 14). Only measurements taken on day 
7 revealed significantly higher values of CD26 expression 
in cultures with IFN-,/ (p = 0.0164). In contrast, cells 
cultured with IL-4 showed significantly lower CD26 
expression as detected on day 7 (p -- 0.0101) and day 14 
(p = 0.0062). On day 7, cells generally displayed in- 
creased CD25 expression. However, differences in the 
expression of CD25 were significant only for cultures 
containing IL-12 as compared with control cultures (p = 
0.0013). On day 14, CD25 expression had diminished to 
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FIG. 2. Correlation between cytokine production and CD26 expression in Bet v 1-specific TCCs (n - 36). TCCs 
were stimulated for 24 hours with PHA and subsequently analyzed for CD26 expression. IL-4 and IFN-y in the 
culture supernatants were determined by ELISA. Ratio of IL-4/IFN-y production and CD26 expression (left) 
correlated significantly (p - 0.0122), as did as IL-4 production and CD26 expression (p = 0.0002). No 
correlation exists between IFN-7 production and CD26 expression. 
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FIG. 3. CD26 expression in CD4" lymphocytes producing IFN-y or IL-4. PBMCs were stimulated for 4 hours 
with PMA and ionomycin in the presence of monensin, and subsequently stained for CD4, CD26, and the 
respective cytokine. Cells were gated as CD4 + iymphocytes. Upper panels show dot plot representations of 
cells stained for IFN-y and CD26 (left), or IL-4 and CD26 (right)• Cells were then gated as positive or negative 
for the respective cytokine. Overlay histograms for CD26 expression of those populations are shown in the 
lower panels. 

the initial low levels, and did not correlate with CD26. 
CD25 expression in cultures with IL-12 was even lower 
than in control cultures, whereas it was marginally 
higher in IL-4 cultures compared with controls. In 
contrast, CD26 staining remained strongly positive and 
was significantly higher in cells treated with [L-12 than in 
untreated cells, and it was lower in the cells treated with 
IL-4 (see above). 

In other experiments, cells were stained for CD8 and 
for CD26 or CD25, and were gated as CD8 + lympho- 
cytes. Similar to CD4 + cells, culture with IL-4 led to a 
significantly lower expression of CD26. Culture with 
IL-12 resulted in a higher expression of CD26. With 

respect to IFN-% no effects could be found for the CD8 + 
population. Table I shows the relative effects of IL-4, 
IFN-% and ILq2 on CD26 expression in comparison 
with the control culture for CD4 + and CD8 + T cells. 

Regulation of cytokine profile by IFN-,/ ,  IL-12, and 
IL-4 in CD4 + T cells 

PBMCs from healthy donors (n = 3) and from atopic 
patients (n = 3) were cultured as described above until 
day 7, and restimulated for 4 hours with PMA/ionomycin 
in the presence of monensin. Cells were triple stained 
for CD4, IFN-y, and IL-4 and were gated as CD4 + 
lyrnphocytes. A dot plot illustration from one represen- 
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FIG. 4. Influence of cytokines on CD25 and CD26 expression on CD4* T cells at different times. PHA- 
stimulated PBMCs from healthy and atopic donors were cultured for up to 14 days with or without the 
indicated cytokines. Data for IL-12 (100 LI/ml, n = 8) are presented in the upper graphs, for IFN-'y (1000 U/ml, 
n = 6) in the middle graphs, and for IL-4 (0.5 ng/ml, n = 6) in the Iowergraphs. The statistical significance of 
the differences between control and cytokine-stimulated cultures is presented at the different time points. The 
asterisk indicates that the significant difference in CD25 expression was inverse to the difference in CD26 
expression. 

TABLE I. Relative effects o f  cytokines on CD26 express ion 

IL-4 IFN-y IL-12 

Day 7 CD4 × 0.64 (_+0.27)* x 1.35 (_+0.26)* x 2.36 (_+0.3)* 
CD8 x 0.67 (_+0.21)* × 1.09 (_+0.2I) x 1.63 (_+0.14)* 

Day 14 CD4 x 0.86 (_+0.08)* × 1.25 (_+0.53) × 1.71 (_+0.28)* 
CD8 x 0.86 (_+0.04)* x 1.08 (_+0.44) x 1.18 (_+0.12)* 

*p < 0.05 compared with controls. 

tative experiment is shown in Fig. 5 and data from all 
experiments (n = 6) are shown in the respective quad- 
rants as mean + SD. The total percentages of CD4 ÷ T 
cells producing IFN-~/(4.33% + 0.86% in cultures with 

medium alone) significantly increased in the culture with 
IFN-~/ (8.13% -+ 3.12%, p = 0.017) and with IL-12 
(15.74% _+ 5 .3%,p  = 0.003). Production of IL-4 (2.13% 
_+ 1.47% in cultures with medium alone) only slightly 
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FIG. 5. Cytokine production of CD4 + T cells on day 7. PHA-stimulated PBMCs from healthy (n = 3) and atopic 
(n = 3) donors were cultured for 7 days with or without the indicated cytokines. After restimulation with PMA 
and ionomycin in the presence of monensin, percentages of cytokine cells were evaluated by intracellular 
cytokine detection. Dot plots from one representative experiment are shown. Mean (-+SD) values from six 
experiments are indicated in the respective quadrants. Cells were gated as CD4 + lymphocytes. In each dot plot 
populations of cells only producing IL-4 (and not IFN-7) are presented in the upper left quadrant, and cells 
producing only IFN-7 (and not IL-4) are shown in the lower right quadrant. Populations producing both 
cytokines are presented in the upper right quadrants. 

increased in the cultures with IL-4 (3.75% + 3.02%,p = 
0.041) and decreased with IL-12 (1.01% _+ 0.68%, p = 
0.014). 

D I S C U S S I O N  

Our aim was to define a T cell surface marker that 
correlates with a T H subset phenotype (Tin- , Tin-  , or 
THo-like). Although cytokines such as IL-4 and IFN-7 
are dominant factors that determine the differentiation 
of naive T cells into TH1- or TH2-1ike cells, 12-14 no 
differences could be detected in the expression of the 
respective cytokine receptors when established TCCs 
from patients with atopy were analyzed. In addition, the 
expression of other cytokine receptors, such as IL-2R, 
IL-6R, and IL-10R, did not reveal any correlation with 
TH subsets either (data not shown). The effects of 
cytokines on T cell differentiation are apparently not 
mediated or accompanied by the up- or downregulation 
of the respective receptors. The observation that PBMCs 
of patients with atopic dermatitis show enhanced expres- 
sion of IL-4 receptors 32 may be due to the acute 
inflammatory process in those patients. Differentiated T 

cells still may be able to respond to stimulating or 
inhibiting signals from cytokines, irrespective of their 
phenotype. However, different responses to cytokines by 
T H subsets cannot be excluded, despite similar receptor 
expression. For example, it has been shown that in T m  
cells, the [3-chain of the IFN-7 receptor (which is the 
signal transducing element) is downregulated and thus 
T m cells are rendered unresponsive to IFN-7 despite 
unaffected expression of the c~-chain (CD130). 33 

In contrast to the expression of cytokine receptors, a 
correlation between the high expression of the activation 
marker CD26 and a Tin-like phenotype, and the low 
expression of CD26 and a Tin-like phenotype, was 
observed (Fig. 1). Because classification of TCCs into 
T H subsets is based on the ratio between IL-4 and IFN-3, 
production, we wondered whether the ratio might cor- 
relate directly to the cell surface density of CD26. As 
could be demonstrated, this was the case (Fig. 2). 
Moreover, we could elaborate that this correlation is due 
to the amount of IL-4 produced by the TCCs rather than 
to the level of IFN-7 production. Our experiments with 
T lymphocytes cultured under the influence of IL-12, 
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IFN--,/, or IL-4 indicated that  cytokines involved in the 
differentiat ion of specific TH subsets can influence ex- 

pression of CD26. In our  exper iments  with TCCs, we 
could demons t r a t e  tha t  the  levels of IFN-2, p roduc t ion  
did not  corre la te  with the expression of CD26. This is in 
accordance  with our  data  f rom cul tured PBMCs,  in 
which IFN-7 was the  less effective cytokine regarding 
CD26 expression (no significant difference on  day 14, 
see Fig. 5), whereas  1L-4 significantly downregula ted  
CD26 on CD4 ÷ T cells. This is also in accordance with 
our  data  concern ing  the  corre la t ion  of high IL-4 produc-  
t ion and low CD26 expression on TCCs (Fig. 2). More-  
over, our  data  suggest tha t  IL-12 directly increased 
CD26, and  not  via enhanced  IFN-7 product ion.  IL-12 
significantly increased the f requency of CD4 + T cells 
producing  1FN-~/ and  reduced  IL-4 product ion.  The  
enhanced  expression of CD26 seen on day 7 appeared  to 
be partial ly due to the  ac t iva t ion-enhancing effect of  
IL-12. However,  this was a t empora ry  event,  indepen-  

dent  of its effects on  T in- l ike  different iat ion and CD26 
expression. 

It is r emarkab le  tha t  regula t ion of CD26 expression by 
IL-4 and  IL-12 on  CD8 ÷ and  CD4 ÷ T cells correlated.  
This is in line with repor ts  about  the  potency  of CD8 + 
cells to differentiate into Tc~ and Tcz subsets and  the  
role of IL-4, IFN-% and IL-12 in the  induct ion of this 
d i c h o t o m y Y  -36 O n  CD8 ÷ T lymphocytes, IFN--/ was 
uneffective with respect  to CD26 expression, which may 
reflect its weak effect on  Tc~ d i f ferent ia t ion?  6 

Similar effects of IL-4, IFN-',/, and IL-12 on CD26 
regula t ion  were found when  cells f rom heal thy and  
atopic donors  were s t imulated with the  nonspecific 
mi togen  PHA,  which induces a polyclonal activation. 
This is no t  surprising, because  atopy seems to be re la ted  
to a pathologic  i m m u n e  response  to a l imited n u m b e r  of 
cer ta in  antigens,  and  the  general  mechan isms  of T cell 
regula t ion  are identical  in pat ients  with and wi thout  
atopy. 

Recently,  a positive corre la t ion  of staining for IFN-~ 
and  CD26 in skin biopsies f rom pat ients  suffering f rom 
tuberculoid  leprosy ( the THI domina ted  ou tcome of this 
disease) was described,  whereas  no  or very little reactiv- 
ity for bo th  pa rame te r s  was found in cases of leproma-  
tous, TH2-1ike courses of l ep rosyY Our  data  suggest tha t  
the  low produc t ion  of IL-4 (which is of ten accompanied  
by an increase of 1FN-3,) may be associated with a high 
expression of CD26 and  tha t  all three  pa rame te r s  are 
most  likely regula ted  by the  level of IL-12 product ion.  

W h e t h e r  TH subsets r epresen t  e i ther  discrete sub- 
popula t ions  or a con t inuum with polar ized extremes is 
still a ma t t e r  of discussion. The  original concept  may be  
oversimplified 9 and the  lat ter  hypothesis  may be closer 
to reality. This  would implicate tha t  we canno t  expect to 
find discrete markers  for T H subsets. Recen t  data  on 
h u m a n  T cell expression of CD30 suggest tha t  this might  
be a useful marke r  for act ivated T m cells. I° Again,  
CD30 expression was not  strictly l imited on Tu2 cells, 
but  it was s t ronger  and  more  sustained. Cost imula t ion  
via CD30 has been  repor ted  to resul t  in preferent ia l  

deve lopment  of T cell lines and clones showing a 
T in- l ike  profile of cytokine secretion,  t° However,  this 
marke r  is not  unequivocal ly  accep ted?  7 

W e  could demons t r a t e  tha t  in vitro THe-like cytokine 
produc t ion  correla tes  with h igher  CD26 expression. The  
combina t ion  of cell surface markers  tha t  are preferen-  
tially, a l though not  exclusively, expressed on cer tain T H 
subsets may increase the  ability to define T u  subsets. 
However,  the  analysis of CD26 expression on  T lympho- 
cytes for the  diagnosis of T m -  or T in- l ike  disease states 
in vivo is current ly  h a m p e r e d  by the ability to identify 
antigen-specific T cells in he t e rogeneous  cell p repara-  
tions. 

We thank Dr. M. Gately from Hoffmann La-Roche for the 
generous gift of human rIL-12. 
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