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Skin testing with an extract from the dermatophyte fungus Trichophyton tonsurans can result in either immediate (IH) or 
delayed hypersensitivity (DH). These experiments were designed to examine in vitro T cell cytokine production in response to 
purified proteins from T. tonsurans in subjects with different skin  test reactivities. Peripheral blood mononuclear cells were 
obtained from subjects with immediate, delayed, or negative skin  tests, and cellular proliferation was studied.  Subjects with 
either IH or DH had positive proliferative responses to crude extracts and two purified proteins, protein IV (83 kDa) and Tri 
t 1 (30 kDa). Nine cell lines were established from 5 IH subjects, which produced a cytokine profile characteristic of Th2/ThO 
cells,  i.e., ratio  of IFN-7 to 11-4 or 11-5 <2:1. By contrast 8 of 10 cell lines from DH subjects had a Thl profile, i.e.,  IFN-.)I to 
11-4 or 11-5 >20:1. Lymphocytes from subjects with negative skin  tests  show very poor proliferative responses; however, 6 cell 
lines derived from these individuals showed  a cytokine profile characteristic of Thl cells. levels of 11-5 were significantly 
different when comparing the IH group with the DH group ( p  0.001). The  results demonstrate that a  single defined protein 
from T. tonsurans  can produce distinct T cell cytokine profiles that correspond to in vivo skin  test reactivities and serum  Ab 
levels. The journal of /mmuno/ogy, 1996,  157: 51 92-51 97. 

D ermatophytes require keratin as  a nutrient source, and 
infection of human skin or nails with these fungi is  com- 
mon  (1-3). The main defense against these fungi is cell- 

mediated immunity, which can be demonstrated by an indurated 
skin test reaction appearing 24 to 48  h after S.C. injection of Ag, 
i.e., delayed hypersensitivity (DH)3 (1,4-7). Experimental studies 
indicate that a positive DH reaction develops 10 days after fungal 
infection, and an additional 10 days is generally required before 
the fungus is cleared (7-9). However, in some individuals, the DH 
reaction is superseded by a wheal and flare skin test reaction, i.e., 
immediate hypersensitivity (IH) (7, 10-13). It has been postulated 
that this is the result of a chronic fungal infection (1,6). Immediate 
skin test reactions to dermatophyte fungi have been associated 
with serum IgG4, and IgE Ab, as well as clinical conditions, in- 
cluding urticaria and late onset asthma (1, 7, 10-1 3). Distinct re- 
sponses of this kind to a single Ag are unusual; DH reactions to 
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common allergens are very rare, as are IH reactions to most DH 
Ag (12, 13). 

The  immune system has been characterized as having at least 
two distinct types of T helper cells, Thl and Th2 (14-16). T cells 
of the Thl phenotype are primarily responsible for immunity to 
intracellular bacteria, protozoa, and viruses and produce IFN-y, 
IL-2, and TNF-P (17-21). Typically an immune response includ- 
ing specific Thl T cells is characterized by  DH skin test responses 
and IgG Ab  (17-21). T cells of the Th2 phenotype are associated 
with immune responses to helminths and allergens. These T cells 
secrete IL-4, IL-10, and IL-13  and help B cells to produce IgG4 
and IgE Ab (17, 19-21). In addition, Th2 cells secrete IL-5, a 
cytokine that promotes the differentiation and proliferation of eo- 
sinophils ( 1  6,22,23). Eosinophils are believed to play a direct role 
in causing inflammation of the airways and asthma (24, 25). Thl 
and Th2 cells negatively interact with each other; IFN-y inhibits 
the development of Th2 cells, while IL-4, at high doses, suppresses 
the development of Thl cells (15,26). A third subclass of T helper 
cells, Tho, has been described that produces cytokines typical of 
both Thl and Th2 cells. It is believed that these are precursors of 
Thl and Th2 cells (17, 19). 

The murine model of leishmaniasis has been extensively used to 
study the development of Thl and Th2 cells. Most mouse strains 
produce a Thl response to this parasite, which is associated with 
rapid resolution of infection (27,28). However, BALB/c mice pro- 
duce Th2 responses, produce high levels of Ab, develop visceral 
disease, and  do not resolve the infection (27-29). The strongest 
influence on the types of cells that respond appears to be the cy- 
tokines that are present during the initial presentation of Ag to the 
naive T cell. The cytokines IFN-y and IL-12, or Ab to IL-4, are 
able to reverse the disease outcome in BALB/c mice (30, 31). A 
similar reciprocal immune response has been postulated for para- 
site infections in humans. Cutaneous leishmaniasis and tuberculoid 
leprosy heal spontaneously and have been associated with DH skin 
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reactions, while visceral leishmaniasis and lepromatous leprosy 
tend to be chronic and have been linked to increased levels of 
circulating IL-4 (29, 32-34). 

Previously our laboratory reported the purification of Tri t 1 (30 
m a ) ,  the first major allergen purified from  a dermatophyte fungus 
(12).  A second Ag has recently been purified from Trichophyton 
tonsurans and has been designated protein IV (83 kDa);  this  is the 
first protein that can consistently produce IH or DH skin reactions 
in different individuals (13). The present studies were designed to 
characterize the cytokine profile of circulating T  cells  from indi- 
viduals with different skin responses using purified T. tonsurans 
proteins. The results suggest that the immune response to Tricho- 
phyton is an excellent model for studying human Thl and Th2 
development. 

Materials  and  Methods 
Skin testing and assays for serum Ab 

Individuals were skin tested with 0.02 ml of Hollister-Steir Trichophyton 
mix (1/200, w/v), which contains T. tonsurans, Trichophyton rubrum, and 
Trichophyton mentagrophytes (Hollister-Steir, Miles Pharmaceutical Divi- 
sion. Indianapolis, IN) (12, 13). Test sites were examined 15 min after 
injection and at 24 and 48 h. A positive IH skin test was defined by a wheal 
2-6 X 6 mm at  15 min. A positive DH reaction was distinguished by  an 
induration 2 6  mm in diameter at 24 or 48 h. IgG Ab to protein IV was 
measured by Ag-binding RIA using methods described previously (l3,35). 
A radioallergosorbent assay was used to measure IgE Ab to a 60 to 90% 
saturated ammonium sulfate fraction of a T. tonsurans mycelial extract 
(hereafter referred to as T. tons. extract) and samples were read from a 
standard curve (12,  13). Specific IgE  and IgG4 Ab were measured by 
mAb-based ELISA using a method previously described (13). 

Purification  of Ag 

Protein IV and  Tri t I were purified by electroelution from  a 12% SDS- 
polyacrylamide gel using a micro-electroelutor (Amicon, Inc., Beverly, 
MA)  as described previously (13, 36). Briefly, T. tons. extract was applied 
to a gel, and appropriately sized bands were excised and then electroeluted 
for 2 h.  Punty was assessed by SDS-PAGE analysis and Ag-specific 
ELISA (12, 13). An extract of the house dust mite Dermarophagoides 
preronyssinus (Dpt) was prepared from dried material kindly provided by 
Dr. Lany Arlian (Wright  State University, Dayton, Ohio) and contained 
285 pg/ml Der p I and 121 pg/ml Der p 2. Human serum albumin (Sigma 
Chemical Co.,  St. Louis, MO) was eluted from 12% polyacrylamide gels 
run in parallel experiments. 

PBMC proliferation assays 

Blood (50-100 ml) was drawn in syringes containing preservative-free 
heparin (Sigma Chemical Co.) ( I O  U/ml blood) and diluted 1/2 in RPMI 
1640 (Bio-Whittaker, Walkersville, MD). Venipuncture was approved by 
the Human Investigations Committee  at  the University of Virginia. Periph- 
eral blood mononuclear cells (PBMC) were obtained by density gradient 
centrifugation over Ficoll-Paque (Pharmacia Biotech, Uppsala, Sweden). 
Cells (3 X lO’/well) were cultured at 37°C in triplicate in a 96-well plate 
(Sarstedt, Newton,  NC) with Ag for  7  days in complete media. Complete 
media consisted of 10% pooled human AB serum (Sigma Chemical Co.), 
100 U/ml penicillin, 100 ,ug/ml streptomycin, MEM amino  acids solution 
(1 X), MEM nonessential amino  acids solution (0.1 mM), sodium pyruvate 
(1.0 mM), HEPES buffer (15 mM) (Life  Technologies, Gaithersburg, MD), 
and  50  pg/ml gentamicin solution (Sigma Chemical Co.) in RPMI 1640. 
The cells were incubated in the presence of r3H]TdR (ICN, Irvine, CA)  for 
the final 16 h of culture before being harvested onto  a glass fiber filter and 
counted with a Packard (Meriden,  CT) Matrix 9600 direct beta counter. 
Results were expressed as a stimulation index (SI), calculated by dividing 
the mean of triplicate wells with  Ag  by the mean of triplicate wells cultured 
with albumin or without Ag.  A SI 2 5  was considered positive, 

Generation of T cell lines 

Freshly isolated PBMC were cultured with crude extracts or purified pro- 
teins in a 24-well plate (2 X lo6 cells/well). On day 6 of culture, 30 U/ml 
recombinant IL-2 (Hoffmann-La Roche, Nutley, NJ) was added, At day 14 
of culture, the  cells  were harvested and the Ag specificity was determined 
using  a proliferation assay.  The phenotypic profile of the cell lines was 
examined using a FACScan (Becton Dickinson, San Jose, CA) and FITC- 
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Table I. Skin  test  response  and serum Ab titers to purified Ag 
W/mC 

Protein IV Tri t 1 
Skin 

Subject Test RAST” IgC lgC4 IgE IgE 
- 

HL 
EP 
CC 
MH 
JN 
JL 
I F  
M B  
RH 

KA 
TP 
AM 
GW 
ET 
AA 
ss 
GR 
SC 
PH 
PW 
HK 
K M  
M P  

IH 
IH 
IH 
IH 
IH 
IH 
IH 
IH 
IH 

DH 
DH 
DH 
DH 
DH 
DH 
DH 

neg. 
neg. 
neg. 
neg. 
neg. 
neg. 
nea. 

200 
800 
ND 
<40 
I493 
<40 
867 
(40 
<40 

<40 
155 
ND 
<40 
<40 
ND 
ND 

<40 
t 4 0  
<40 
1 4 0  
ND 
<40 
ND 

1050 
1000 

153 
40 

31 9 
129 

1250 
510 
31 9 

191 
94 

ND 
475 
163 
ND 
ND 

65 
1250 

43 
174 
ND 
<40 
ND 

<40 
<40 
<40 
<40 
525 
338 

50 
<40 
<40 

1 4 0  
<40 
ND 
<40 
<40 
N D  
<40 

20 
<40 
<40 
<40 
<40 
<40 
ND 

62 
<40 
<40 
164 

4000 
2720 
1044 
<40 

68 

<40 
<40 
ND 
<40 
<40 
ND 
<40 

158 
<40 
<40 
<40 
<40 
t 4 0  

202 
90 

ND 
118 

4000 
2400 
1376 
1 4 0  
<40 

<40 
<40 
ND 
<40 
<40 
ND 
<40 

104 
(40 
<40 
<40 
<40 
<40 

RAST, radioallergosorbent  assay.  Measures IgE Ab to T. tons. extract 

conjugated mAb directed to CD3, CD4, CD8, and CD20 (Biosource Inc., 
Camarillo, CA). Cells (2 X I05/well) were then cultured with 1 X IO6 
irradiated autologous PBMC, Ag, and rIL-2 for an additional 2 wk. The cell 
lines were considered Ag specific if the SI was greater than five times the 
control, or if the SI was greater than twice the control in those cases where 
the control was less than the mean of all the controls plus one standard 
deviation. 

Cytokine assays 

Cell culture supernatants were collected at various times from separate 
wells, and cytokines present were assayed using a standard ELISA with 
paired mAb (IL-4 and IL-5, PharMingen, San Diego, CA) (IFN-y, Endo- 
gen, Cambridge, MA). Results were expressed in ng/ml as determined from 
a standard curve using recombinant cytokines. The lower level of cytokine 
detection ranged from 0.02 to 0.10 ng/ml for the IFN-y assay, 0.06 to 0.23 
ng/ml for IL-4, and 0.01 to 0.05 ng/ml for IL-5. 

Statistical analysis 

Statistical significance was demonstrated using an unpaired Student t test. 

Results 
Twenty individuals with a history of athlete’s foot disease andor 
onychomycosis and three individuals without a history of fungal 
infection (KM, HK, MP) were studied. Nine subjects had a posi- 
tive immediate skin test reaction (Table I). Seven subjects had 
delayed hypersensitivity, while an additional seven subjects, in- 
cluding the three individuals without a history of infection, were 
skin test negative. IH subjects had higher levels of Ag-specific IgE 
and IgG4  Ab when compared with the DH or skin test-negative 
subjects. Allergen-specific IgG was found in all skin test groups. 

Peripheral blood mononuclear cells were separated from whole 
blood and used in a standard proliferation assay. Cells were cul- 
tured with T. tons. extracts, as well as purified protein IV and Tri 
t 1. As controls, cells were cultured with medium only, electro- 
eluted human serum albumin, or phytohemagglutinin (PHA).  Sub- 
jects with an IH or DH skin test had stronger responses to the crude 
extracts as compared with the skin test-negative subjects (Table 
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Table II. PBMC proliferative  responses at day 7 to  purified 
Trichophyton proteins 

Subject 

HL 
EP 
CC 
MH 
IN 
J L  
JF 
M B  
RH 

KA 
TP 
AM 
CW 
ET 
AA 
5s 
GR 
sc 
PH 
PW 
HK 
KM 
MP 

Skin 
Test 0-60%" 7. tons. Prot. IV Tri t 1 PHA 

Stimulation  Indices 

IH 
IH 
IH 
IH 
IH 
IH 
IH 
IH 
IH 

DH 
DH 
DH 
DH 
DH 
DH 
DH 

neg. 
neg. 
neg. 
neg. 
neg. 
neg. 
nen. 

20 
18 
27 
21 

3 
6 

13 
20 
39 

52 
150 

1  4h 
53 
16 
6 

97 

7 
8 

<1 
2 
2 
4 

<1 

44  82h 
7  15 
7 35 
7 4 
6 19 
2 7 
7 9 

10 7h 
35 90 

32  39 
116  49 

32  2 
19 8 

5  3 
128  28 

4 < l  
5  2 
4  1 
2  2 
3  2 
3 3 
4 2 

8h lb 

62h 
10 
15 

<1 
11 

3 
18 

2 
58 

29 
32 

3 
8 
4 

35 

8 
2 

<1 
2 

<1 
3 
1 

3b 

99" 
121" 
5 9l; 
46h 
84 
93 
18 
82" 

169" 

48 
85 
26" 
18 
38 
3 6" 
49 

8 
19 
11 
94 
36 
42 
1  9" 

extract. 
"The 0-60% saturated ammonium sulfate fraction of 7. tonsurans mycelial 

Proliferation measured on day 5. 

11). Eight of nine IH subjects had a positive proliferative response 
to either protein IV or Tri t I ,  as did four of the seven DH subjects. 
Five of the seven skin test-negative subjects did not show a pro- 
liferative response to any of the Ag tested. The two skin test- 
negative subjects whose T  cells proliferated to purified Ag (GR 
and SC, had serum Ab to protein IV (Table I). None of the subjects 
had a positive proliferative response to human serum albumin pu- 
rified by the same techniques used to purify the Trichophyton pro- 
teins (data not shown). 

Two cell lines were established in parallel from an individual 
(SS) who had an IH skin test to dust mite (Dpt) extract and a DH 
skin test reaction to Trichophyton. During the culture period fol- 
lowing a second stimulation with allergen, distinct cytokine pro- 
files were seen. The reaction to Dpt was characterized by the pro- 
duction of large amounts ( > I  ng/ml) of IL-4, IL-5, and IFN-y 
(Fig. lA), while the T. tons.-specific cell line released only IFN-y 
(Fig. le). Both cell lines were shown to be Ag specific by prolif- 
eration assay (data not shown). 

Nine cell lines were established from 5 subjects who had IH skin 
tests to Trichophyton mix. These cell lines, specific to either pro- 
tein IV, Tri t I, or T. tons. extract, showed 2 patterns of cytokine 
production. Two cell lines specific to protein IV produced >l 
ng/ml of IFN-y,  IL-4, and IL-5, a result typical of Tho cell lines 
(Fig. 2A). Seven cell lines from the subjects EP, HL, and MH 
produced >6 ng/ml IL-5 but < 1.2 ng/ml of IL-4 or IFN-y. This 
cytokine pattern is suggestive of a Th2 phenotype (Fig. 2B). A 
total of 10 cell lines specific to protein IV, Tri f I ,  or the T. tons. 
extract were established from 6 subjects who had DH skin reac- 
tions (Fig. 2C), and 6 cell lines specific to the T. tons. extract were 
established from skin test-negative subjects. Cells from both sub- 
ject groups released high concentrations of IFN-y  (>2 ng/ml), 
with little to no IL-4 or IL-5.  There was a clear difference in the 
concentrations of IL-4 and IL-5 between the IH subject group and 
the DH and skin test-negative group. Looking at the level of cy- 

0 2 4 6 8 10 12 14 
Day  post reshmulation 

+ lFNg + IL-4 -3- IL-5 

0 2 4 6 8 10 12 14 
Day post restimulation 

IFNg -0- IL-4 -3- IL-5 

FIGURE 1. T  cell  cytokine (IFN-y, IL-4, and IL-5) production  by two 
Ag-specific  T  cell lines from  subject SS. Supernatants were harvested 
from separate wells, and  accumulated  cytokine levels are given in 
ngml  at various days after restimulation  of the cell  line. A, T  cell  line 
specific to Dpt extract, to which  the  subject  had  an IH skin test re- 
sponse. B, T  cell  line  specific to T. tons. extract, to which  the subject 
had  a DH skin response. 

tokine production at day 7 after restimulation (Fig. 3), there was a 
geometric mean level of 0.51 ng/ml IFN-y, 0.1 1 ng/ml IL-4, and 
2.8 ng/ml IL-5 among the 9 cell lines from the IH subject group. 
The geometric mean level of cytokine production among the DH 
subject cell lines showed a higher level of IFN-y (1.4 ng/ml) and 
much lower levels of IL-4 (0.10 ng/ml) and IL-5 (0.10 ng/ml). 
Similar values were seen with cell lines from skin test-negative 
subjects with 1.2 ng/ml IFN-y, 0.07  ng/ml IL-4, and  0.30 ng/ml 
IL-5. The level of IL-5 was significantly increased among the IH 
subjects as compared with the cell lines from the DH subjects at 
days 3, 5 ( p  < 0.01), 7, and 9 ( p  < 0.001). FACS analysis of the 
cell lines showed a range of CD3,  CD4, and CD8 positivity but did 
not demonstrate consistent differences among cell lines associated 
with IH, DH, or negative skin tests (Table 111). All cell lines were 
shown to be Ag specific by proliferation assay (Table IV). 

Discussion 
There are many factors that may play a role in determining the 
immune response to a foreign protein. The first is the nature of the 
Ag source, i.e., bacterial, fungal, viral, or proteins derived from 
airborne particles, such as pollen grains. The next important factor 
is the route of exposure. Inhalation may give rise to strikingly 
different T cell responses compared with absorption of Ag through 
the skin or gastrointestinal tract (37, 38). Indeed, in the murine 
model of leishmaniasis, C57BL/6 mice, which normally clear  the 
parasites, die when given a live parasite challenge by intravenous 
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0 2 4 6 8 IO 12 14 
Day  post  stimulation 

-t IFN-g -4" IL-4 + IL-5 

Day  post  stimulation 

+ IFN-g + IL-4 "A- IL-5 

c4] .E c 

Day  post stimulation 

+ IFN-g -+- IL-4 IL-5 

FIGURE 2. T cell cytokine (IFN-y, IL-4, and IL-5) production by 
three protein IV-specific T cell lines derived from subjects with imme- 
diate hypersensitivity (2A, 28) or delayed hypersensitivity ( 2 0 .  Super- 
natants were harvested from separate  wells, and accumulated cytokine 
levels  are given in ng/ml at various  days  after restimulation of the cell 
line. A, T cell  line from subject JL (IH). B, T cell  line from subject EP 
(IH). C, T cell  line from subject KA (DH). 

injection (39, 40). In large part, it  is assumed that this  is because 
the Ag is presented by a different APC (38). Different APC are 
characterized by the presence or absence of costimulatory mole- 
cules and by their production of cytokines (17, 40,  41).  These 
factors can  alter  the development of T helper cells. In fact,  in vitro 
cloning studies have demonstrated that the  presence of the cyto- 
kine IL-4 during Ag presentation drives cells toward the Th2 phe- 
notype, while the presence of IFN-.)I and IL-12, with suboptimal 
concentrations of IL-4, will induce cells of the Thl phenotype (17, 
40-43). As stated earlier,  this appears to be the most important 

4 

3 1 *i 
g2 
c 

1 

0 
Immediate Delayed Negative 

n=9 n=10 n=6 

Skin Test  Reactivity 

FIGURE 3. Geometric mean level of cytokine (IFN-y, IL-4, and IL-5) 
production and the  standard error of the  mean  at  day  seven  after  re- 
stimulation among all Ag specific T cell lines from the different subject 
groups. Cytokine levels for the IH subject group were 0.51 & 0.41 
ng/ml IFN-y, 0.1 1 ? 0.09 ng/ml IL-4,  2.8 ? 0.84 n g h l  IL-5. The D H  
subject  group  had a mean  level of 1.4 & 0.41 ng/ml IFN-y,  0.10 ? 0.03 
ng/ml IL-4, and 0.10 & 0.31 ng/ml IL-5, while the  skin  test-negative  sub- 
jects  had 1.2 ? 0.28 ng/ml IFN-y, 0.07 ? 0.01 ng/ml IL-4, and 0.30 & 
1.60 ng/ml IL-5. ** Levels of IL-5 were  significantly  increased  among  the 
IH group as compared with the DH group ( p  < 0.001). 

Table 1 1 1 .  Cell surface phenotype of T cell lines 

Skin 
Subject Test 

HL 
HL 
HL 
EP 
EP 
EP 
M H  
IN 
JL 

KA 
KA 
KA 
TP 
TP 
TP 
A M  
ET 
AA 
ss 
GR 
sc 
PH 
PW 
HK 
MP 

IH 
IH 
IH 
IH 
IH 
IH 
IH 
IH 
IH 

D H  
D H  
DH 
D H  
D H  
D H  
DH 
D H  
D H  
D H  

neg. 
neg. 
neg. 
neg. 
neg. 
nee. 

Specific to 
Cell Line 

T. tons. 
Prot. IV 
Tri t 1 
T. tons. 
Prot. IV 
Tri t 1 
T. tons. 
Prot. IV 
Prot. IV 

T. tons. 
Prot. IV 
Tr t 1 
T. tons. 
Prot. IV 
Tr t 1 
T. tons. 
T. tons. 
T. tons. 
T. tons. 

T. tons. 
T. tons. 
T. tons. 
T. tons. 
T. tons. 
T. tons. 

% Cells Positive 

CD3  CD4  CD8  CD20 

82.6 
83.3 
85.7 
82.7 
86.4 
84.4 
91.2 
74.7 
91.2 

97.9 
79.3 
81 .O 
63.0 
66.1 
81.4 
ND 
82.7 
85.6 
86.3 

78.5 
80.7 
92.8 
96.7 
N D  
94.7 

77.0 
74.6 
73.7 
52.9 
51.9 
51.8 
80.9 
78.2 
76.0 

33.8 
56.7 
58.9 
34.1 
30.3 
46.2 
N D  
38.4 
66.9 
57.3 

70.1 
77.4 
71.2 
80.2 
ND 
83.0 

12.4 
15.2 
16.0 
35.8 
35.8 
35.2 
14.0 
3.1 
9.2 

35.7 
1 1.6 
10.6 
11.9 
14.1 
10.9 
ND 
34.9 
16.8 
34.8 

22.5 
9.8 

22.4 
9.1 

N D  
14.3 

6.1 
6.4 
7.0 
5.9 

ND 
N D  
2.5 
3.6 
3.6 

0.7 
5.2 
5.1 
0.1 
0.1 

ND 
0.2 

0.7 
14.1 
2.6 

2.2 
3.2 
8.9 

ND 
N D  
18 

influence in  determining  the  outcome of leishmaniasis in the 
mouse. 

In the  immune  response to 'T. tonsuruns, the determining factor 
in  the  development of responding Thl or Th2 cells is  not the 
source of the Ag; both IH and DH reactions have been demon- 
strated to the  same  organism  (2,  12,  13). In addition, the difference 
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Table IV. Cell  line  proliferation results 

Skin Cell Line 
Stimulation  Indices 

Subject Test Specific to PHA Trich. Ag Dpt 

HL IH T. tons. 459 
HL 

30.9 
IH 

2.2 
Prot. IV 41 1  43.7  3.8 

HL IH Tri  t 1 352 
EP 

52.4 
IH T. tons. 

EP IH 
110 7.8 

Prot. IV 
1.2 

EP IH 
699  23.7 3.9 

Tri t 1 
MH 

761 
IH 

28.1 1.4 
T. tons. 

JN 
935 

IH 
17.8 

Prot. IV 
<1 

331 
JL IH 41  7.1 <1 

3.6 
Prot. IV 

1.6 

KA DH 
KA DH 

T.  tons. 106 7.4 
Prot. IV 

< l  

KA 
73  5.9 

DH Tri  t 1 3.6 1.1 
1.1 

48 
TP DH T.  tons. 7.0 2.6 
TP 

480 
OH 

TP 
Prot. IV 

DH 
363  27 

Tri  t 1 1153 
<1 

AM 
4 .O 

DH 
<1 

T. tons. 160  6.7 
ET 

<1 
DH 

AA 
T.  tons. 206  55.6 <1  

DH T. tons. 
ss 

451 15.3 
DH 

1.8 
T.  tons. 640  47.5 <1 

1 .a 

CR neg. T. tons. 202 3.8 <1 
sc neg. T. tons. 121 16.3 1.4 
PH neg. T. tons. 558 95.9 1.4 
PW neg. T. tons. 158  4.6 
HK 

1.5 
neg. T. tons. 230 3.1 

MP 
<1  

neg. T. tons. 878  3.4 <1 

is not likely to be the nature of the Ag. since the same protein can 
cause  two types of skin test responses (13),  and the present results 
demonstrate that the same protein can induce the release of dif- 
ferent cytokines in vitro. It has been reported that inhalation of 
Trichophyton proteins by podiatrists can induce IH skin tests and 
bronchial responses (12,44). Inhalation may be introducing the Ag 
to the immune system by a different route, thereby contacting dif- 
ferent APC, resulting in a  Th2  immune response. However, studies 
in  our laboratory have not been able to find significant levels of Tri 
t 1 or protein IV in house dust, including dust from subjects with 
high levels of T. tonsurans-specific IgE (1 3). Therefore, we theo- 
rize that absorption of fungal Ag through the skin can elicit Thl or 
Th2 T cell responses. Current studies in our laboratory are focus- 
ing  on the role of the APC in the different  immune responses to T. 
tonsurans. 

The presence of IFN-y in our  cultures from IH subjects may be 
considered surprising since IF'N-y can down-regulate the develop- 
ment of Th2 cells. However, these results are consistent with find- 
ings from our laboratory when T cells were cultured from dust 
mite-allergic individuals and with results published from other lab- 
oratories (18, 45, 46). Depletion of CD8+ cells at the initiation of 
culture of Dpt-specific T cell lines did not reduce levels of IFN--y 
as compared with cultures established with CD8 cells present. This 
suggests that polyclonal T cell lines among allergic individuals are 
likely to be ThORh2, with CD4+ cells capable of producing 
IFN-y, and not the clear Th2 phenotype that has been demon- 
strated in T cell clones. Even with this IFN-y production in vitro, 
immediate hypersensitivity to Trichophyton proteins can persist 
and has been documented in patients undergoing long term treat- 
ment with antifungal agents. In addition we have previously shown 
that IH skin tests to Trichophyton are not necessarily correlated 
with IH skin tests to other allergens (47). 

In this study, two skin test-negative subjects had a positive pro- 
liferative response to at least one  of the purified Ag. Both of these 
subjects had allergen-specific IgG in their serum, confirming that 

they  had made an immune response to T. tonsurans. Other skin 
test-negative individuals had little to no proliferative response, and 
we did not anticipate that we would be able to culture cell lines 
from these subjects. However, after repeated stimulation with T. 
tons. extract, Ag-specific T cell lines were recovered. In each case 
these cells produced IFN-y with little to no IL-4 or IL-5. This 
cytokine response was similar to that seen among the DH subjects. 
It is not clear what differences  there are between these groups; 
however, the lower level of proliferation among the skin test-neg- 
ative subjects suggests a lower frequency of Ag-specific T cells. 
Similar results have been found in our laboratory and others when 
culturing T cells from dust mite skin test-negative subjects with a 
Dpt extract (15, 48, 49). Despite having Ag-specific T cells that 
produce IFN-y, subjects who are not allergic to dust mites do not 
have demonstrable DH skin reactions. 

These results establish for the first time that proteins derived 
from  a single source giving rise to delayed or immediate hyper- 
sensitivity are associated with characteristic T cell responses. In 
addition, it is clear that these T cells  are related to different serum 
Ab. The individuals whose T cells selectively produce IFN-y in 
vitro have IgG Ab and  DH skin responses. Skin test-negative in- 
dividuals had a cytokine profile and Ab levels similar to the DH 
subject but  had a much lower level of Ag-specific in vitro prolif- 
eration at day 7. The Th2/ThO cytokine profile is related to IgG, 
IgG4, and IgE Ab and immediate skin test reactivities. Finally, the 
results establish that the IH response to Trichophyton, which has 
been associated with late onset asthma and eosinophilia, is char- 
acterized by T cells which produce IL-5 in vitro. 

T. tonsurans infection is comparable to infection by Leishmania 
major in mice and humans and Mycobacterium leprae in humans 
in that it can give rise to two distinct immune responses. The 
results presented in this article pose the question why different 
individuals respond dissimilarly to the same protein. Future studies 
will address this issue by looking at the effect  of different APCs 
and cytokines  on the in vitro response to Trichoph-yton Ag. This 
work will be aided by the fact that the distinct cytokine responses 
to Trichophyton correlate with different skin test reactivities. The 
dichotomy between immediate and delayed hypersensitivity re- 
sponses to dermatophyte infections is important in relation to both 
allergic disease and skin infection. Investigating the immune re- 
sponse to fully characterized Trichoph.yton  Ag can provide basic 
information about this dichotomy in the human immune response. 
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