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Abstract

 

T cells are essential for controlling infection with 

 

Histo-
plasma capsulatum

 

. Because the T cell receptor is vital for
transducing the biological activities of these cells, we sought
to determine if exposure to this fungus induced an alter-
ation in the V

 

b

 

 repertoire in lungs of C57BL/6 mice infected
intranasally. V

 

b

 

2

 

1

 

 cells were elevated on day 3 after infec-
tion; V

 

b

 

4

 

1

 

 cells were higher than controls on days 7, 10, and
14 after infection. V

 

b

 

10

 

1

 

 cells were increased on days 14
and 21, and V

 

b

 

11

 

1

 

 exceeded controls only on day 14. We
investigated the clonality and function of V

 

b

 

4

 

1

 

 cells be-
cause their expansion transpired during the critical time of
infection, that is, when cellular immunity is activated. Se-
quence analysis demonstrated preferential use of a re-
stricted set of sequences in the complementarity-determin-
ing region 3. Elimination of V

 

b

 

4

 

1

 

 cells from mice impaired
their ability to resolve infection. In contrast, depletion of
V

 

b

 

7

 

1

 

 

 

cells, the abundance of which was similar to that of
V

 

b

 

4

 

1

 

, did not alter elimination of the fungus. The identifi-
cation of clonotypes of V

 

b

 

4

 

1

 

 cells suggests that a few anti-
genic determinants may drive proliferation of this subset,
which is necessary for optimal clearance. (

 

J. Clin. Invest.

 

1998. 102:984–995.) Key words: 
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Introduction

 

Histoplasmosis is a deep mycosis that is manifest in higher
mammals and humans. Infection is initiated by inhalation of
mycelial fragments and microconidia. After settling into lungs,
the saprobic phase converts into yeasts, and these forms are
engulfed by alveolar macrophages and reside within the endo-
somal compartment of these cells (1–3). Control and clearance
of the fungus is critically dependent on an intact cellular im-
mune system (4, 5).

Experimental and clinical observations connote the central
role of T cells in host resistance to this fungus. Thus, mice con-
genitally deficient in, or experimentally depleted of T cells are

much more susceptible to infection with 

 

Histoplasma capsula-
tum 

 

(Hc)

 

1

 

 as compared to immunocompetent controls (6, 7).
Similarly, patients with T cell dysfunction caused by immuno-
suppressive therapy or HIV infection exhibit a higher inci-
dence of disseminated histoplasmosis (8–10).

The mechanisms T cells use to confer resistance to the fun-
gus are not completely understood. It is known that T cells rec-
ognize Hc antigens presented by accessory cells, become acti-
vated, and secrete cytokines that arm macrophages to exert
fungistatic and/or fungicidal activity (11–14). T cells are excep-
tionally heterogeneous, and can be categorized on the basis of
functional or phenotypic differences: Th1 versus Th2, naive,
activated or memory, CD4 versus CD8, 

 

a

 

/

 

b

 

 versus 

 

g

 

/

 

d

 

 T cell
receptor (TCR) chains, and by their unique, clonotypic TCR.
Information regarding the contribution of functional and phe-
notypic subpopulations to host defenses against Hc are just
emerging.

Systematic deletion of a subpopulation of T cells has pro-
vided substantial insight into the influence of T cells on the
course of infection. Mice depleted of CD4

 

1

 

 T cells succumb to
a sublethal inoculum with Hc yeasts (7). Conversely, CD8

 

1

 

-
depleted mice do not exhibit higher mortality to Hc infection
than controls, but do have a delayed clearance of the fungus
from tissues (9).

Among the molecules that decorate the surface of T cells,
the TCR stands as the most heterogeneous, with the potential
of 10

 

15

 

 clonotypes. The TCR interacts with the vast array of
antigenic peptides present in the groove of MHC molecules. It
is one of the key molecules in recognition of self from non-self,
and embodies the specificity of the immune system (15–17).
The most abundant and best studied TCR family is composed
of two chains, 

 

a 

 

and 

 

b

 

. The diversity of the TCR is generated
by somatic recombination between one of variable (V) region
genes, one of the junctional (J) region genes, a constant (C) re-
gion gene in the 

 

a 

 

chain, and V, J, and a diversity (D) and C re-
gions in the 

 

b

 

 chain (18). Additional variability in the sequence
is generated by the random loss or addition of nucleotides at
the junction sites, the N and

 

 

 

P

 

 

 

sequences. Every 

 

a

 

/

 

b

 

–bearing T
cell possesses one and only one particular TCR. It is thought
that each particular TCR recognizes one or at most a few anti-
genic peptides from an antigen (18).

In these experiments, we quantified the V

 

b

 

 TCR reper-
toire in lungs of mice during the course of primary infection
with Hc. This organ was selected because it is the portal of en-
try. We sought to identify V

 

b

 

 families that become expanded
in response to infection. We then altered the TCR repertoire
by eliminating the T cell subpopulation bearing the expanded
V

 

b

 

 family and examined the impact of this maneuver on the
course of the infection.
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1. 

 

Abbreviations used in this paper:

 

 CDR3, complementarity-deter-
mining region 3; Hc, 

 

Histoplasma capsulatum

 

; i.p., intraperitoneally;
Rdi, relative intensity index; TCR, T cell receptor.
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Methods

 

Mice. 

 

6-wk-old male C57BL/6 mice were purchased from Jackson
Laboratories (Bar Harbor, ME). Athymic nude mice (nu/nu) were
purchased from National Cancer Institute and housed under standard
laboratory conditions.

 

Preparation and infection of mice with Hc yeasts. 

 

Hc strain G217B
was prepared as previously described (19). Mice were lightly anesthe-
tized with methoxyflurane (Mallinckrodt Veterinary, Inc., Mun-
delein, IL) and inoculated intranasally with a sublethal (2.5 

 

3 

 

10

 

6

 

)
dose of yeasts.

 

Preparation of monoclonal antibodies (mAb).

 

Hybridoma cell lines
KT4 (anti-V

 

b

 

4 chain of murine TCR) and TR3-10 (anti-V

 

b

 

7) were
kindly provided by G. Fathman (Stanford University, Stanford, CA).
Ascites were prepared in nude mice, fluid was collected, and filter
sterilized. The amount of mAb was quantified by ELISA using rat
IgG as a standard. mAb was diluted to a working concentration (1.6
mg/ml) in HBSS.

 

In vivo depletion of V

 

b

 

 subpopulations. 

 

Groups of mice were in-
jected intraperitoneally with KT4, TR3-10 mAb, or rat IgG as a con-
trol. 300 

 

m

 

g of mAb or an equal amount of rat IgG were administered
intraperitoneally on days 

 

2

 

7, 

 

2

 

3, and on the day of infection. Some
groups of mice were given 300 

 

m

 

g of Ab twice a week thereafter.

 

RNA preparation and cDNA synthesis.

 

Groups of six mice were
infected with Hc. Uninfected, age-matched littermates were used as
controls. Animals were killed on days 3, 7, 10, 14, and 21 after infec-
tion. Lungs were flushed of circulating cells by injection of 10–20 ml
of HBSS into the right ventricle. Total RNA was extracted from lungs
by homogenization in 4 ml of RNAzol (BIOTECKX, Friendswood,
TX). RNA was ethanol precipitated, resuspended in RNAse-free wa-
ter, and quantified by OD260. Samples were frozen at 

 

2

 

70

 

8

 

C until
used. Single strand cDNA was synthesized from 6 

 

m

 

g of total RNA
using a C

 

b

 

1 antisense primer (Fig. 1) in the presence of AMV reverse
transcriptase (Promega, Madison, WI) according to the manufac-
turer’s instructions in a final reaction volume of 60 

 

m

 

l. 1 

 

m

 

l aliquots
were used as templates in subsequent PCR reactions.

 

Amplification of cDNA for V

 

b

 

 families. 

 

PCR was performed in
25 

 

m

 

l reactions with 1.25 U of Taq Polymerase (Promega), 1.5 mM
MgCl

 

2

 

, 200 

 

m

 

M of each dNTPs (Pharmacia Biotech, Piscataway, NJ),
and each sense and antisense primer at a final concentration of 1 

 

m

 

M
(20). V

 

b

 

 primers and nomenclature were identical to those previously
published (21). Cycling conditions were 94

 

8

 

C for 45 s, 59

 

8

 

C for 45 s,
and 72

 

8

 

C for 60 s in a 9600 Thermocycler (Perkin Elmer Corp., Nor-
walk, CN). Preliminary studies were performed to determine the
number of cycles necessary to produce visible signal before satura-
tion. We incubated 1 

 

m

 

l of each cDNA sample with a C

 

b

 

2 antisense
primer and C

 

b

 

1 sense primer (Fig. 1). The expected product was a
360-bp fragment from the constant region of TCR 

 

b 

 

chain. Reactions
were incubated for 26, 28, 30, 32, and 34 cycles. 5 

 

m

 

l of each PCR am-
plification were electrophoresed in 1% agarose gels and stained with
ethidium bromide. The log phase of PCR amplification was estab-
lished by visual inspection of the gels. Subsequently, 1 

 

m

 

l of cDNA
was used as a template in 20 parallel reactions using a C

 

b

 

2 antisense
primer and each of 20 different V

 

b

 

-specific sense primers. A positive
control was run using C

 

b

 

1 sense and C

 

b

 

2 antisense primers, and a
negative control using the same primers without cDNA template.
The cycling conditions were the same as stated above for the number
of cycles determined for each cDNA template.

 

Southern blot of V

 

b

 

 PCR products. 

 

5 

 

m

 

l of each PCR reaction
were electrophoresed into 1% agarose gels and blotted onto positively
charged nylon membranes (Boehringer Mannheim, Indianapolis, IN)
by alkaline transfer. Blots were hybridized with a digoxigenin- (GE-
NIUS System

 

®

 

, Boehringer Mannheim) labeled DNA probe specific
for the 360-bp C

 

b

 

 region present in every V

 

b

 

 PCR product. Filters
were washed with 0.2% SSC containing 0.1% SDS at 65

 

8

 

C. Blots
were then incubated with alkaline phosphatase-conjugated anti-
digoxigenin Fab (GENIUS system

 

®

 

, Boehringer Mannheim), and
washed. Chemiluminescence substrate Lumiphos

 

®

 

 (Boehringer Mann-

heim) was added and blots were exposed to X-ray film for 5–10 min.
Bands were quantified by densitometry. The relative intensity index
(Rdi) for each V

 

b

 

 product was computed by the formula:

where V

 

b

 

i

 

 represents the pixel density of each V

 

b

 

 family, and the de-
nominator denotes the sum of the densities of all 20 V

 

b

 

 specific prod-
ucts. The relative index calculation normalizes for variation in the ef-
ficiency of transfer, hybridization, and time of exposure to the X-ray
film.

 

Flow cytometry analysis. 

 

Groups of uninfected controls or mice
infected for 10 d with Hc were killed and lungs removed. Single cell
suspensions were prepared by teasing the organs apart in RPMI plus
10% FBS, and mincing the fragments through progressively thinner
needles. The material was filtered through 60 mm nylon mesh. Mono-
nuclear cells were isolated by 600 

 

g

 

 centrifugation in a discontinuous
40–70% percoll gradient. Lymphocytes were further enriched by ad-
herence of the cell suspension to tissue culture plates for 1 h at 37

 

8

 

C
in 5% CO

 

2

 

. The non-adherent population was recovered and quanti-
fied in a hemocytometer. In uninfected controls, cells from three mice
were pooled to obtain sufficient numbers of cells. A minimum of 10

 

4

 

cells per tube were incubated with saturating concentrations of bi-
otin-labeled anti-V

 

b

 

4, -V

 

b

 

10, -V

 

b

 

11, or -V

 

b

 

5 mAb (PharMingen,
San Diego, CA) for 30 min at 4

 

8

 

C, and washed three times. Cells were
then exposed to avidin-phycoerythrin for 30 min at 4

 

8

 

C and washed
an additional three times. Total T cells were identified using fluores-
cein-conjugated anti–Thy-1.2 mAb. Analysis was performed on a
Coulter Epics XL Flow Cytometer (Coulter Corp., Miami, FL). As a
control, cells were incubated with isotype-matched irrelevant mAb.
The results were calculated as number of V

 

b

 

1

 

 cells minus back-
ground divided by number of Thy-1

 

1

 

 cells minus background.

 

Sequence analysis. 

 

V

 

b

 

4 PCR products amplified from lungs of
control mice as well as mice 7, 10, and 14 d after infection were ream-
plified using the V

 

b

 

4 specific sense primer and a nested C

 

b

 

3 anti-
sense primer (Fig. 1). Three to five samples per group were studied.
The resulting PCR products were gel purified and cloned into
PCR2.1

 

®

 

 (Invitrogen, La Jolla, CA) vector. Random colonies were
picked, and the sequence across the complementarity-determining re-
gion 3 (CDR3) was determined.

In uninfected animals, the quantity of V

 

b

 

4

 

1

 

 PCR product was ex-
ceedingly low, and after ligation and transformation, we obtained
many colonies that did not contain plasmids with the V

 

b

 

4 insert. To
distinguish legitimate V

 

b

 

4

 

1

 

 clones, we plated replicas of the bacterial
plates onto nylon filters (Boehringer Mannheim) and hybridized
them with a 360-bp C

 

b

 

 gene fragment labeled with g-32P. After wash-

Rd Vβi( )
Vβi

Vβi
i 1=

i 20=

∑
--------------------=

Figure 1. DNA oligonucleotide primers used for reverse transcrip-
tion and PCR amplification. The primer sequences (59-39) and
position relative to the Cb region are: Cb1 antisense, ACAGT-
CTGCTCGGCCCCAGGC, bases 380–360; Cb2 antisense, 
CCCCAGGCCTCTGCACTGATG, bases 367–347; Cb3 antisense, 
AAGCCCCTGGCCAAGCACACG, bases 106–86; Cb1 sense, 
GGATCTGAGAAATGTGACTCC, bases 2–22.
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ing and autoradiography, Vb41 containing clones were picked from
the replicas and sequenced.

Quantitative organ cultures. Cultures of organs for Hc were per-
formed as previously described (7, 19). Results were expressed as
log10 CFU/organ.

IFN-g measurements. Lungs of mice infected with Hc for 7, 14, or
21 d were homogenized in 10 ml of HBSS as described in quantitative
organ cultures above. Concentration of IFN-g were determined us-
ing an antigen-capture ELISA (Endogen, Cambridge, MA). The
mean6SEM of triplicate samples were expressed as pg/ml of homog-
enate.

Statistics. Results were analyzed using SigmaStat® software
package (Jandel Scientific, San Rafael, CA). Student’s t test was used
to compare two groups or one-way ANOVA was used to compare
more than two groups. Dunnet’s correction was used for multiple
comparisons against a control group. If the data did not distribute
normally, a rank sum test was used to compare two groups.

Results

Vb Repertoire in lungs of mice infected with Hc. The course of
infection, as measured by fungal burden, in mice infected in-

tranasally with 2.5 3 106 Hc yeasts is shown in Fig. 2. Dissemi-
nation of infection beyond the lungs was detected on day 7.
Recovery of Hc CFU in lungs, spleens, and livers is maximum
on this day and declines thereafter. Subsequently, lungs from
mice infected with the same inoculum of Hc were excised and
RNA extracted on days 3, 7, 10, 14, and 21 postinfection lungs.
As a control, lungs were removed from a group of uninfected,
age-matched littermates. cDNA from each lung was subjected
to PCR using Vb specific primers. The amplified products
were analyzed by Southern blot using a Cb probe. A represen-
tative Southern blot is illustrated in Fig. 3.

The autoradiographs from each mouse were densitometri-
cally quantified and data computed as stated in Methods. The
relative density index (mean6SEM) of lungs from six mice per
group was calculated and compared to the control group. The
profiles of Vb expression are shown in Fig. 4. Vb2 was signifi-
cantly higher than controls at day 3 after infection (P , 0.02).
Vb4 exceeded controls on days 7, 10 and 14 (P , 0.01), and ex-
pression of Vb11 was greater than controls on day 14 only
(P , 0.01). On days 14 and 21, Vb10 expression exceeded con-
trols (P , 0.04). When the data for each Vb family was ana-

Figure 2. Fungal burden in mu-
rine pulmonary histoplasmosis. 
C57BL/6 mice were inoculated 
intranasally with 2.5 3 106 Hc 
yeasts. Mice were killed at days 
1, 7, 14, and 21 after infection, 
and organs were homogenized in 
10 ml of HBSS. Dilutions were 
plated onto blood agar plates, 
and CFU enumerated. Results 
are expressed as Log10 CFU per 
organ. Each bar represents the 
average6SEM of six mice per 
time point. The limit of detec-
tion was 100 CFU.

Figure 3. Southern blot of Vb PCR products. To-
tal RNA was extracted from mice 10 d after infec-
tion with Hc or from uninfected controls. RNA 
was reverse transcribed using Cb1 antisense 
primer and used as template in 20 parallel PCR re-
actions using 20 Vb specific sense primers and a 
common Cb2 antisense primer. 5 ml of each reac-
tion were electrophoresed in 1% agarose gels and 
transferred onto nylon membranes. Blots were hy-
bridized with a Cb specific probe, and bands were 
visualized by chemiluminescence. A representa-
tive blot is shown. Normal and infected designate 
an uninfected control mouse and a mouse infected 
for 10 d, respectively.
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lyzed using confidence intervals, similar differences were
noted.

The variations in the quantity of mRNA may be the result
of either increased transcription or an increase in the number
of a given cell population. To determine if the elevations in the
relative density index actually indicated an expansion in Vb
cell populations, we analyzed surface expression of selected
Vb families using flow cytometry (Fig. 5). In lungs from mice
infected for 10 d, 10.160.7% of T cells were Vb41, whereas in
the control mice this cell population comprised only 3.560.6%
of T cells (P , 0.01). No significant differences were observed
for Vb10, Vb11, or Vb5 (Fig. 5). Thus, the differences in Rdi
indicate a true accumulation of Vb41 cells.

Sequence analysis of Vb4 PCR products. Our observations
indicated that the Vb41 subset of T cells is significantly over-
represented on days 7, 10, and 14 after infection, a time period
that coincides to the peak of cell infiltration and cytokine pro-
duction in the lung (6). Consequently, we analyzed the Vb4
repertoire in further detail. We isolated Vb4 PCR products

from mice at days 7 (n 5 5), 10 (n 5 3), and 14 (n 5 3) after in-
fection, cloned them into plasmid, and transformed them into
E. coli. 10–20 random colonies were picked for sequence de-
termination. Vb4 PCR products from three uninfected mice
were used as controls. The sequences and the frequency analy-
sis of the CDR3 are depicted in Table I. The Vb41 repertoire
was found to be heterogeneous, as seen in mice A and B. On
the other hand, sequences from control mouse C distributed
into three clonotypes.

On day 7 after infection, there was evidence of oligoclonal-
ity in sequences of mice A, D, and E (Table I), as 40–60% of
the Vb41 sequences belonged to a specific clonotype. The
Vb41 repertoire of mice C and B did not show oligoclonality.
As the infection evolved, the observed oligoclonality became
less apparent, as most of the sequences seen on days 10 to 14
after infection were more diverse.

Inspection of the deduced amino acid sequences at the
CDR3 level showed several instances of common motifs
among infected mice: on day 7, postinfection mice A and D ex-

Figure 4. Analysis of the Vb usage during infection with Hc. Total RNA was extracted from lungs of mice infected with Hc for 3 (striped bar, 
upward diagonal), 7 (narrow striped bar, upward diagonal), 10 (horizontal striped bar), 14 (narrow striped bar, downward diagonal), and 21 
(striped bar, downward diagonal) d, or from uninfected controls (solid bar). RNA was reverse transcribed and each Vb family was amplified by 
PCR and visualized by Southern blot. For every mouse, the Rdi was computed. Each bar represents the mean6SEM of six mice. The Rdi at ev-
ery time point was compared with the respective Rdi in the control. Statistically significant differences are denoted by the symbols: *P , 0.02; 
‡P , 0.01; §P , 0.04.
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Table I. Deduced Amino Acid Sequence at the Vb4 CDR3 Domain from Control and Infected Mice*

Mouse Vb4 CDR3 Jb Cb Frequency

Db Jb

Family

Control A CASSQ EGQ NSDYTFGSGTRLLVI EDLRNVTP 3/11 1 1.2
CASSQ DPGT RNERLFFGHGTKLSVL EDLRNVTP 1/11 1 1.4
CASSQ EDR NTGQLYFGEGSKLTVL EDLRNVTP 1/11 1 2.2
CASSQ DPA SQNTLYFGAGTRLSVL EDLRNVTP 1/11 2 2.4
CASS RDR YEQYFGPGTRLTVL EDLRNVTP 1/11 1 2.6
CASS QDWG SYEQYFGPGTRLTVL EDLRNVTP 3/11 2 2.6
CASS HLWGGE YEQYFGPGTRLTVL EDLRNVTP 1/11 2 2.6

Control B CASSQ RDK NTEVFFGKGTRLTVV EDLRNVTP 1/13 1 1.1
CASSQ DDREG SDYTFGSGTRLLVI EDLRNVTP 1/13 1 1.2
CASSQ DPGQG NERLFFGHGTKLSVL EDLRNVTP 1/13 1 1.4

CAS RD TNERLFFGHGTKLSVL EDLRNVTP 1/13 1 1.4
CASS HQGLG QAPLFGEGTRLSVL EDLRNVTP 1/13 2 1.5

CASSQ DPGQGS QDTQYFGPGTRLLVL EDLRNVTP 1/13 1 2.5
CASSQ DLG EDTQYFGPGTRLLVL EDLRNVTP 2/13 2 2.5
CASSQ VGG SYEQYFGPGTRLTVL EDLRNVTP 1/13 ? 2.6
CASS RGTGA YEQYFGPGTRLTVL EDLRNVTP 1/13 2 2.6
CASS PRLGV SYEQYFGPGTRLTVL EDLRNVTP 1/13 2 2.6

CASSQ ERGGS SYEQYFGPGTRLTVL EDLRNVTP 2/13 ? 2.6

Control C CASSQ GGLG NTGQLYFGEGSKLTVL EDLRNVTP 5/10 2 2.2
CASS QTD SQNTLYFGAGTRLSVL EDLRNVTP 3/10 1 2.4
CAS SIMDRG NQDTQYFGPGTRLLVL EDLRNVTP 2/10 1 2.5

Day 7A CASSQ T TNSDYTFGSGTRLLVL EDLRNVTP 1/11 ? 1.2
CASSQ EARGR‡ SDYTFGSGTRLLVI EDLRNVTP 1/11 ? 1.2
CASS QQG YNSPLYFAAGTRLTVT EDLRNVTP 4/11 1 1.6

CASSQ DGTGGA EQFFGPGTRLTVL EDLRNVTP 5/11 2 2.1

Day 7 B CASSQ DITGGF SDYTFGSGTRLLVI EDLRNVTP 1/12 1 1.2
CASS QGT§ ISNERLFFGHGTKLSVL EDLRNVTP 4/12 1 1.4

CASSQ DRG YAEQFFGPGTRLTVL EDLRNVTP 2/12 1 2.1
CASSQ DG SQNTLYFGAGTRLSVL EDLRNVTP 3/12 ? 2.4
CASSQ DLGGPL EQYFGPGTRLTVL EDLRNVTP 1/12 2 2.6
CASSQ DPGLG AYEQYFGPGTRLTVL EDLRNVTP 1/12 2 2.6

Day 7 C CASS QTGTG NTEVFFGKGTRLTVV EDLRNVTP 1/16 1 1.1
CASS LTGDG SDYTFGSGTRLLVI EDLRNVTP 1/16 ? 1.2
CASS HTN SGNTLYFGEGSRLIVV EDLRNVTP 2/16 ? 1.3

CASSQ QG AGNTLYFGEGSRLIVV EDLRNVTP 1/16 1 1.3
CASSQ GT§ ISNERLFFGHGTKLSVL EDLRNVTP 2/16 1 1.4
CASS QGT DQAPLFGEGTRLSVL EDLRNVTP 2/16 1 1.5
CASS QDI NNQAPLFGEGTRLSVL EDLRNVTP 1/16 1 1.5

CASSQ DTV NNQAPLFGEGTRLSVL EDLRNVTP 1/16 ? 1.5
CASSQ EGN QNTLYFGAGTRLSVL EDLRNVTP 1/16 ? 2.4
CASS R EDTQYFGPGTRLLVL EDLRNVTP 1/16 ? 2.5

CASSQ EGDL QDTQYFGPGTRLLVL EDLRNVTP 1/16 ? 2.5
CASSQ D SYEQYFGPGTRLTVL EDLRNVTP 1/16 1 2.6
CASS QGQGI YEQYFGPGTRLTVL EDLRNVTP 1/16 1 2.6

Day 7 D CASSQ EARGR‡ SDYTFGSGTRLLVI EDLRNVTP 8/14 ? 1.2
CASSQ RSG DAEQFFGPGTRLTVL EDLRNVTP 6/14 1 2.1

(Continued)
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Table I (Continued)

Mouse Vb4 CDR3 Jb Cb Frequency

Db Jb

Family

Day 7 E CASS PGGE DTEVFFGKGTRLTVV EDLRNVTP 4/12 ? 1.1
CASSQ GT§ ISNERLFFGHGTKLSVL EDLRNVTP 5/12 1 1.4
CASSQ EWRGRLQ APLFGEGTRLSVL EDLRNVTP 2/12 ? 1.5
CASSQ DGTGGV EQYFGPGTRLTVL EDLRNVTP 1/12 2 2.6

Day 10 A CASS LTGA NTEVFFGKGTRLTVV EDLRNVTP 1/12 1 1.1
CASSQ EG ANTEVFFGKGTRLTVV EDLRNVTP 1/12 ? 1.1
CASSQ EGQ ANTEVFFGKGTRLTVV EDLRNVTP 1/12 1 1.1
CASSQ DGGQGG SDYTFGSGTRLLVI EDLRNVTP 2/12 1 1.2
CASSQ Q IPTKDYFSGHGTKLSVL EDLRNVTP 1/12 ? 1.4
CASS HTGG NERLFFGHGTKLSVL EDLRNVTP 1/12 1 1.4

CASSQ G¶ DYAEQFFGPGTRLTVL EDLRNVTP 1/12 ? 2.1
CASSQ QG¶ NYAEQFFGPGTRLTVL EDLRNVTP 1/12 1 2.1
CASSQ DGGL NAEQFFGPGTRLTVL EDLRNVTP 1/12 2 2.1
CASSQ EKTR YFGPGTRLTVL EDLRNVTP 1/12 ? 2.6
CASSQ DWTGGD EQYFGPGTRLTVL EDLRNVTP 1/12 1 2.6

Day 10 B CASS QTR NSDYTFGSGTRLLVI EDLRNVTP 1/15 2 1.2
CASSQ DKN SGNTLYFGEGSRLIVV EDLRNVTP 1/15 ? 1.3
CASSQ DA FSNERLFFGHGTKLSVL EDLRNVTP 1/15 ? 1.4
CASS LDRNQ APLFGEGTRLSVL EDLRNVTP 1/15 ? 1.5

CASSQ EG DSYNSPYFAAGTRLTVT EDLRNVTP 1/15 ? 1.6
CASSQ QS NYAEQFFGPGTRLTVL EDLRNVTP 1/15 2 2.1
CASS QQG¶ NYAEQFFGPGTRLTVL EDLRNVTP 1/15 ? 2.1

CASSQ GTGAVS AETLYFGSGTRLTVL EDLRNVTP 2/15 1 2.3
CASSQ EGTS SQNTSYFGAGTRLSVL EDLRNVTP 3/15 1 2.4
CASSQ DGGL NQDTQYFGPGTRLLVL EDLRNVTP 1/15 2 2.5
CASSQ DTGGP YEQYFGPGTRLTVL EDLRNVTP 1/15 2 2.6
CASSQ EWGAQ YEQYFGPGTRLTVL EDLRNVTP 1/15 ? 2.6

Day 10 C CASS DRD NYAEQFFGPGTRLTVL EDLRNVTP 2/10 ? 2.1
CASSQ ERDS YAEQFFGPGTRLTVL EDLRNVTP 1/10 1 2.1
CASS PGG ENTLYFGAGTRLSVL EDLRNVTP 1/10 ? 2.4
LCQQ RD SQNTLYFGAGTRLSVL EDLRNVTP 1/10 ? 2.4
CASSQ DWGV QNTLYFGAGTRLSVL EDLRNVTP 1/10 2 2.4
CASSQ DWG QDTQYFGPGTRLLVL EDLRNVTP 1/10 2 2.5

CAS RRLGG HQDTQYFGPGTRLLVL EDLRNVTP 1/10 ? 2.5
CASS PGGV EQYFGPGTRLTVL EDLRNVTP 1/10 ? 2.6

CASSQ DLGR YEQYFGPGTRLTVL EDLRNVTP 1/10 ? 2.6

Day 14 A CASSQ PG PNTEVFFGKGTRLTVV EDLRNVTP 1/10 ? 1.1
CASSQ GQ FSNERLFFGHGTKLSVL EDLRNVTP 1/10 1 1.4
CASSQ ERGRV AEQFFGPGTRLTVL EDLRNVTP 2/10 ? 2.1
CASSQ DPGG NYAEQFFGPGTRLTVL EDLRNVTP 2/10 ? 2.1
CASSQ DSGG YTGQLYFGEGSKLTVL EDLRNVTP 1/10 ? 2.2
CASSQ GTGGD AETLYFGSGTRLTVL EDLRNVTP 1/10 ? 2.3
CASSQ EVGR DQDTQYFGPGTRLLAL EDLRNVTP 1/10 ? 2.5
CASSQ ETLWG DQDTQYFGPGTRLLVL EDLRNVTP 1/10 ? 2.5
CASSQ ELGGL EQYFGPGTRLTVL EDLRNVTP 1/10 2 2.6

(Continued)
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pressed the sequence QEARGR followed by the Jb1.2 ele-
ment; mice B, C, and E contained the sequence QGTI fol-
lowed by the Jb1.4 element. On days 10 and 14 the motif
(q)QG(N or D)YAE followed by the Jb2.1 element was ob-
served in six independent clones.

We also analyzed the Jb and Db use of the Vb4 sequences.
There was a pronounced bias in the Jb use (Table II). The
Jb2.1 sequence constituted 19% of independent sequences on
day 7 of postinfection, 24% on day 10, and 22% on day 14. In
uninfected animals none of the 30 Vb4 TCR sequences con-
tained the Jb2.1 element.

Table I. (Continued)

Mouse Vb4 CDR3 Jb Cb Frequency

Db Jb

Family

Day 14 B CASSQ EAG ANTEVFFGKGTRLTVV EDLRNVTP 1/10 ? 1.1
CASSQ QG¶ NYAEQFFGPGTRLTVL EDLRNVTP 2/10 1 2.1
CASS PQG¶ NYAEQFFGPGTRLTVL EDLRNVTP 1/10 ? 2.1
CASS QSGG SQNTLYFGAGTRLSVL EDLRNVTP 1/10 2 2.4
CASS PGLE GQNTLYFGAGTRLSVL EDLRNVTP 1/10 2 2.4

CASSQ EGTT SQNTLYFGAGTRLSVL EDLRNVTP 1/10 1 2.4
CASS PGQ QDTQYFGPGTRLLVL EDLRNVTP 1/10 1 2.5

CASSQ EVG SSYEQYFGPGTRLTVL EDLRNVTP 2/10 ? 2.6

Day 14 C CASSQ DR DTEVFFGKGTRLTVV EDLRNVTP 1/10 ? 1.1
CASS SGT TNSDYTFGSGTRLLVI EDLRNVTP 1/10 1 1.2

CASSQ DPGG HSDYTFGSGTRLLVI EDLRNVTP 1/10 1 1.2
CASS RTGRI ERLFFGHGTKLSVL EDLRNVTP 1/10 1 1.4

CASSQ GT VSNERLFFGHGTKLSVL EDLRNVTP 1/10 ? 1.4
CASSQ G¶ DYAEQFFGPGTRLTVL EDLRNVTP 2/10 ? 2.1
CASS PGLG ENTLYFGAGTRLSVL EDLRNVTP 1/10 2 2.4
CASS QGRGL GQNTLYFGAGTRLSVL EDLRNVTP 1/10 ? 2.4

CASSQ DGV DTQYFGPGTRLLVL EDLRNVTP 1/10 ? 2.5

*Vb4 PCR products from control mice or 7, 10, and 14 d after infection were reamplified using Vb4 sense primer and the Cb3 nested antisense
primer. DNA was gel purified and cloned into PCR2.1® vector. 10–20 clones per mouse were sequenced, and deduced amino acid sequences are
shown in the table. Sequences were submitted to GenBank. Accession numbers are AF041867 to AF041974. When sequences were found in more
than one clone, only one was submitted. ‡Sequences common to mouse A and D at day 7 are underlined. §Sequences common to mouse B, C, and E
at day 7 are shown in italics. ¶The common motifs Q, G,(N or D),YAE at days 10 and 14 are shown in boldface.

Figure 5. Analysis of selected Vb families by flow cytometry. Mono-
nuclear cells were isolated from lungs of mice infected for 10 d with 
Hc (solid bar) or from uninfected controls (white bar). Cells were 
stained at 48C with biotinylated mAb against TCR Vb chains 4, 10, 
11, and 5, and with fluorescein Thy-1 mAb, or with isotype-matched 
irrelevant control mAb to determine the background staining. Cells 
were washed and then incubated with phycoerythrin-streptavidin. 
The number of cells staining positive for each Vb chain minus back-
ground was divided by the total number of Thy-11 cells minus
the background and expressed as a percentage. Each bar is the 
mean6SEM of six mice. Statistically significant differences are shown 
in the graph.

Table II. Jb Element Use in Vb4 TCR among Infected and 
Control Mice*

Jb Element Control

Infected

Day 7 Day 10 Day 14

1.1 3% 7% 8% 9%
1.2 11% 19% 8% 6%
1.3 0% 4% 3% 0%
1.4 18% 17% 8% 9%
1.5 3% 10% 0% 0%
1.6 0% 6% 3% 0%
2.1 0% 19%‡ 24%‡ 22%‡

2.2 13% 0% 0% 3%
2.3 0% 0% 5% 9%
2.4 13% 6% 16% 19%
2.5 11% 3% 8% 9%
2.6 29% 9% 16% 13%

*The sequences of the Vb4 TCR chains of uninfected mice and days 7,
10, and 14 after infection were pooled, and the relative frequency of
each Jb element was determined and expressed as a percent of the total.
‡Frequency of the Jb2.1 element in infected mice is highlighted.
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Effects of Vb4 depletion in resistance against Hc. Next, we
sought to determine the relevance of the Vb41 subpopulation
of T cells to host defenses as this family was prominent during
the critical period of infection. To accomplish this, mice were
depleted selectively of this population in vivo using anti-Vb4
mAb. As a control, separate groups of mice were given rat
IgG. After 1 wk, mice were challenged with 2.5 3 106 Hc
yeasts intranasally. To ascertain if the administration of anti-
Vb4 eliminated this cell population, RNA was prepared from
the lungs of treated mice or from rat IgG–treated, infected
controls. The RNA was reverse transcribed, and the cDNA
was analyzed by PCR and Southern blot using Vb4, Vb7, or
Cb primers. As seen in Fig. 6 A, treatment with anti-Vb4
nearly abrogated the mRNA for this cell population.

The effect of Vb4 depletion on the course of infection was
assessed by quantitative organ cultures. Mice were killed at
days 7, 14, and 21 after infection and the fungal burden was
compared to rat IgG-treated controls. No differences in CFU
were observed on day 7. However, on days 14 and 21 of infec-
tion, recovery of Hc from lungs of mice depleted of Vb41 T
cells significantly exceeded (P , 0.01) that of infected controls,

(Fig. 7 A). The results in livers and spleens were less consistent
in experiment number 1. Although the fungal burden was
higher in mice depleted of Vb41 T cells as compared to in-
fected controls, the mice lacking Vb41 were capable of clear-
ing the infection albeit at a less accelerated rate than controls.
However, the impairment of host resistance was not associated
with a higher mortality since 100% of controls and Vb41-
depleted animals survived for 40 d after infection.

We subsequently tested the hypothesis that the observed
delay in clearance of infection was the result of either a quanti-
tative reduction in the number of T cells or a qualitative, dis-
tinct contribution of the Vb41 T cell subpopulation. To test
this postulate, we chose the Vb71 T cell subpopulation for a
control study. The relative density index of Vb7 was compara-
ble to that of Vb4 during the period of 7 to 14 d after infection
(Fig. 4). In a parallel experiment, we injected mice with anti-
Vb7 mAb or rat IgG as control and infected them intranasally
with 2.5 3 106 Hc. On day 7 of infection, we tested the deplet-
ing activity of the anti-Vb7 by reverse transcriptase-PCR and
Southern blot analysis. The mAb was as effective and as spe-
cific as anti-Vb4 (Fig. 6 B).

We then examined the impact of Vb71 T cell depletion in
the course of infection with Hc. In two experiments, depletion
of Vb71 T cells did not significantly (P . 0.05) alter CFU re-
covery in lungs, livers, or spleens when compared to controls
(Fig. 7 B). These results indicate that the depletion of Vb41

cells was associated with a selective impairment in host resis-
tance to Hc.

Levels of IFN-g in lungs of mice depleted of Vb41 T cell
subpopulation. The lymphokine IFN-g is a product of Th1
and natural killer cells and is pivotal in host resistance against
Hc infection in C57BL/6 mice (22, 23). We tested the hypothe-
sis that the delayed clearance of Hc observed in Vb4-depleted
mice was associated with impaired production of IFN-g in the
lungs of mice. We quantified the lymphokine in homogenates
of lungs from animals depleted of Vb41 cells and controls at
days 7, 14, and 21 after infection (Fig. 8). No significant differ-
ences (P . 0.05) were detected between the groups at each
time point. Thus, the effect of Vb4 depletion on the course of
infection cannot be attributed to a perceptible impairment in
IFN-g generation in the lungs of infected mice.

Discussion

The extraordinary diversity of the TCR repertoire is generated
by a specialized mechanism of recombination during the dif-
ferentiation of T cells. The repertoire is molded by a variety of
influences including the MHC antigens expressed on antigen-
presenting cells, intrathymic positive and negative selection,
peripheral tolerance, the presence of endogenous superanti-
gens, and environmental stimuli (15, 24). Microbial antigens,
either in the form of replicating organisms or as inert protein
molecules, are one of the common environmental exposures
known to alter the host’s TCR repertoire, and engagement of
the cognate determinants may prompt expansion or deletion
of particular TCR families (25, 26). Thus, the TCR repertoire
is highly dynamic and has evolved to confront a diverse array
of antigenic challenges.

The generation of T cell–mediated immunity is a critical
determinant of host control of infection with Hc. Both CD41

and CD81 T cells participate in the elimination of the organ-
ism from visceral organs (7, 9). Because T cells are arranged as

Figure 6. Southern blot assessment of in vivo depletion of Vb fami-
lies using mAb. (A) Groups of mice were injected intraperitoneally 
with 300 mg of anti-Vb4 or rat IgG as control on days 27, 23, and 0 
of infection. Mice were infected intranasally with 2.5 3 106 Hc yeasts. 
1 wk later mice were killed and total RNA was extracted from the 
lungs, and cDNA synthesized. PCR was performed using Vb4, Vb7, 
and Cb primers, and the DNA electrophoresed in 1% agarose. Am-
plified DNA was blotted on nylon membranes and probed with a 
digoxigenin-labeled Cb probe. One control and two treated mice de-
picted in the figure. (B) Groups of mice were injected with the anti-
Vb7 mAb or rat IgG as described in A. PCR analysis was performed 
with Vb4, Vb7, Vb10, and Cb primers. One control and two treated 
mice depicted in the figure.
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Figure 7. Depletion of Vb4, but not Vb7 cells, alters clearance of Hc. (A) Groups of mice were given intraperitoneal injections of 300 mg of anti-
Vb4 or rat IgG as a control on days 27, 23, and 0 of infection. Mice were infected with 2.5 3 106 yeasts intranasally. When the experiments were 
extended beyond 1 wk, mice received 300 mg of anti-Vb4 or rat IgG twice a week. Mice were killed on days 7, 14, and 21 after infection, and or-
gans homogenized in 10 ml of HBSS. Dilutions were plated in blood agar plates and CFU quantified. Results are expressed as Log10 CFU/or-
gan. Each bar is the mean6SEM of six mice per time point and per group. Significant differences are noted by the P value. (B) Groups of mice 
were administered 300 mg of either anti-Vb7 or rat IgG on days 27, 23, and 0. Mice were infected and CFU were quantified as in A.

a series of clones, definition of the TCR repertoire in Hc infec-
tion may lead to basic insights into the nature of the T cell re-
sponse and the pathogenesis of infection. Hence, we examined
the Vb TCR repertoire in lungs of C57BL/6 mice after intrana-
sal inoculation with yeasts. We chose the lung because it is the
portal of entry for this fungus, and we used a sublethal chal-
lenge because most human exposures do not result in disease
that requires medical attention.

The approaches to the study of the TCR repertoire have
largely been conducted on monoclonal populations of T cells
using either reverse transcriptase-PCR–based techniques or
flow cytometry (20, 27, 28). Examination of monoclonal popu-
lations of T cells usually provides unambiguous information
concerning expression of Vb at the single cell level. The draw-
back of in vitro propagated clones is that the diversity of TCR
expression may be lost because the clonal analysis is restricted
to those that survive the expansion process. This information
may not be entirely germane for an infectious disease, in which

host tissues are confronted with an actively replicating patho-
gen that may contain hundreds to thousands of putative anti-
gens. Ex vivo analysis of Vb expression used herein should
yield a more panoramic view of the complexity of TCR usage
during the course of Hc infection. Moreover, we centered our
efforts on the Vb chain because of its prominent role in
epitope binding (29, 30, 31).

The time points selected for analysis spanned the early
phase of infection (day 3), the peak (days 7 and 10), and the re-
solving phases (days 14 and 21). In the lungs of C57BL/6 mice
infected with Hc, a flux in the Vb repertoire was apparent.
During days 7, 10, and 14 of infection, the Vb41 subset of T
cells was substantially expanded and then subsided. This ex-
pansion was coincident with peak of infection and the initia-
tion of clearance. Hence, Vb41 T cells were significantly ele-
vated during a critical period of infection. The encounter of T
cells with foreign antigenic determinants is a major factor in
the shaping of the Vb repertoire in adult mammals. Hence, the
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epitopes recognized by T cells are a prominent driving force in
the expansion of clonotypes. Because we detected expansion
of several Vb during the course of infection, the findings
strongly suggest that different epitopes are generated by anti-
gen-presenting cells. These epitopes bound to MHC are princi-
pally responsible for the increase in the Vb families.

This expansion of the Vb41 subpopulation could be ex-
plained by the presence of a superantigen within viable Hc
yeast cells. However, the oligoclonality detected on day 7 is
not consistent with this postulate. Superantigens most often in-
duce a CDR3-independent, polyclonal expansion in the reper-
toire. Moreover, superantigens usually cause expansion of
more than one Vb family, and the magnitude is much greater
(32). Alternatively, the bias towards Vb4-bearing T cells may
be driven by many antigenic determinants that increase the
number of cells in this Vb subset. The sequencing data does
not support this contention. In several instances, the same
CDR3 sequence was independently found in more than one
mouse (Table I). This finding of limited heterogeneity in TCR
sequences has been referred to as a “public” TCR sequence,
and has been observed most often after immunization with a
well defined, synthetic peptide antigen (27, 33, 34). It is consid-
ered to be the result of the interaction of a unique antigenic
peptide presented by the MHC with a highly restricted subset
of Vb cells. Thus, the oligoclonal character of the Vb4 se-

quences on day 7 is most consistent with the presence of a re-
stricted set of epitopes that increase Vb41 cells.

The TCR oligoclonality observed on day 7 was not de-
tected on days 10 or 14. This phenomenon of early oligoclonal-
ity that progresses to a less restricted response has been ob-
served in models of autoimmunity (35). One explanation is
that as the infection proceeds, there is recruitment and influx
of many Vb families including Vb41 cells to the infection site.
This nonspecific emigration of T cells at the later stages of in-
fection may attenuate the initial oligoclonality or frustrate at-
tempts to identify it.

Sequence analysis of the Vb4 CDR3 from control mice re-
vealed polyclonality in two of three mice. Vb4 sequences from
mouse C were restricted into three patterns. This finding may
be explained by the paucity of this family of T cells in the lungs
of control mice. In uninfected mice, the number of T cells re-
coverable from lungs is , 105, and the Vb41 T cells constitute
z 3.5% of the total. Consequently, quantities of mRNA are
low, and it may be more difficult to isolate independent cDNA
clones. In this regard, it was necessary to generate large num-
bers of cDNA clones and perform a filter hybridization step
from the lungs of normal mice to isolate Vb4 positive clones.
Conversely, in lungs of infected mice, there is a substantial ele-
vation in the numbers of T cells (z 107), and the Vb4 family
constitutes a higher proportion (z 10%). Thus, amounts of

Figure 7 (Continued)
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mRNA are more abundant, and independent cDNA clones
are more readily generated.

On days 7, 10, and 14 of infection, there was a consistent
bias in the use of the Jb 2.1 element in infected mice when
compared to controls. The Jb 2.1 element encodes the amino
acid residues at the carboxy terminus of the CDR3 region with
the motif: QG(N or E)YAE (Table I). This pattern was found
with increased frequency in the TCR of infected animals and was
not detected in any of the 30 cDNA clones from normal mice.
Because the Jb portion of the TCR binds to the peptide epi-
tope attached to the MHC molecule, this expansion of the
Vb41, Jb2.11 population suggests that during days 7 to 14, a
limited set of antigenic determinants are recognized by this T
cell family. Studies are in progress to define the amino acid se-
quence of the Hc peptide epitope that binds to this TCR family.

It seems surprising that exposure to a replicating microbe
such as the yeast phase of Hc would elicit a bias towards dis-
crete Vb families and CDR3 motifs. Nevertheless, others have
detected oligoclonal TCR responses against complex infec-
tious agents including viruses (36, 37) and Leishmania major.
Our data extend the observations that infection with a eukary-
otic pathogen can induce a skewing of the TCR repertoire.
Thus, despite the vast complexity of the genome of pathogenic
microbes, especially eukaryotes, a pattern emerges whereby
certain antigens are preferentially processed and recognized
by a particular family of T cells.

Reiner et al. (38) demonstrated that infection with L. ma-
jor resulted in an expansion of Vb41 T cells in both resistant
and susceptible strains of mice (C57BL/6 and BALB/c, respec-
tively). In this model, Vb41 cells can express either Th1 or Th2
activity depending on the genetic background of the mouse
(38, 39). It is intriguing to speculate that infection with eukary-
otic intracellular pathogens may augment growth of this
family. However, this possibility awaits additional analyses of
TCR repertoire with other intracellular eukaryotic pathogens.
Moreover, the likelihood that Vb41 cells derived from L. ma-

jor–infected animals recognize similar epitopes as do those
from H. capsulatum–infected mice is unlikely, as the CDR3 se-
quences of L. major–specific Vb41 cells differ from those iden-
tified in our study (38).

After we established that infection with Hc elicited the ex-
pansion of the Vb41 subpopulation of T cells, it was germane
to determine the relevance of this subset in host resistance
against the fungus. To examine the in vivo importance of Vb41

cells to host defense, these cells were eliminated by injection
with mAb. One important caveat in interpreting these studies
is that this mAb eliminates all Vb41 cells, irrespective of the
CDR3 region or Jb and Db usage, and irrespective of the func-
tional phenotype. This lack of specificity is unavoidable as this
mAb eliminates all Vb41 cells. Nonetheless, depletion of
Vb41 cells was accompanied by a significant delay in the clear-
ance of infection at week 2 and 3 after infection. Although
elimination of this T cell subset impaired clearance, mice were
still capable of resolving the infection. In contrast, depletion of
Vb41 cells did not alter the fungal burden at week 1, thus indi-
cating that this cell population is not critical for resolution dur-
ing the early phase of infection.

Elimination of Hc is associated with a Th1 response in
lungs of C57BL/6 mice (22). The loss of Vb41 cells and the at-
tendant impairment of clearance signifies that this population
contributes to the generation of a Th1 response. In a similar
vein, L. major–reactive Vb41 cells can direct the development
of a Th1 or Th2 response in resistant or susceptible mice (38,
39). Abolition of Vb41 Vb81 CD41 cells from BALB/c mice
shifts the susceptible phenotype to a resistant one (39). There-
fore, a small subpopulation of T cells can exert pronounced ef-
fects on the type of immune response generated to a patho-
genic microbe.

It was possible that the observed effect of depletion of
Vb41 cells on course of infection could be explained by a
quantitative 10% reduction in the number of T cells rather
than a distinct quality of these cells. To test this possibility, we
selected the Vb7 family whose percentage was nearly identi-
cal to that of Vb4 in infected animals. Depletion of this Vb
family did not modulate clearance. These results indicate that
elimination of any Vb family that constitutes z 10% of the to-
tal T cell population does not necessarily modify infection.
Thus, the expansion of Vb41 cells has an important functional
correlate.

It has been suggested that in HIV disease, there is a pro-
gressive and random depletion of CD41 clonotypes altering
the TCR repertoire across all Vb families (40). Susceptibility
to microbes ensues when a critical number of pathogen-respon-
sive T cell clones have been lost. Our results point towards the
same hypothesis: by specifically disrupting the TCR in a tar-
geted fashion, we can modify the course of the infection in this
model of pulmonary histoplasmosis.

IFN-g is the only cytokine known to be produced by Hc-
reactive T cells that is essential in resistance against infection
with Hc In C57BL/6 mice (22, 23). We hypothesized that the
delayed clearance observed in Vb4-deficient mice was the re-
sult of a defect in the production of IFN-g in lungs. Cytokine
levels were actually higher in treated animals when compared
to controls. This result suggests that the effect of Vb41 T cells
is not caused simply by a global defect in IFN-g production.
Rather, it is possible that elimination of Vb41 T cells alters
production of IFN-g within the lung microenvironment. Stud-
ies are underway to determine the anatomical distribution of

Figure 8. IFN-g levels in lungs of Vb4-depleted mice. Groups of mice 
were injected with anti-Vb4 or with rat IgG as described in Fig. 6. Af-
ter intranasal inoculation with Hc, mice were killed at weeks 1, 2, and 
3 after infection. Lungs were homogenized in 10 ml of HBSS and 
IFN-g levels were determined by antigen-capture ELISA. Each bar 
represents the mean6SEM of six mice per time point. No statistical 
difference was found when depleted mice were compared with con-
trols.
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this cell population, and to analyze the capacity of Vb41 cells
to generate IFN-g within the inflamed lung.

An alternative explanation for the effect of Vb41 cells on
host defenses is that they produce TNF-a, which is known to
influence the outcome of primary infection with Hc (41) and
can be a product of T cells (42). However, this consideration is
most unlikely as we have found that elimination of all TCR
a/b–bearing cells from mice does not alter generation of
TNF-a from lungs (R. Allendoerfer, G.D. Brunner, and G.S.
Deepe, Jr., unpublished observations).

In summary, the Vb TCR repertoire is biased in the lungs
of C57BL/6 mice infected with Hc. Although expression of
several families was skewed during the course of infection, the
Vb4 family was overrepresented during the critical juncture of
infection. Vb41 cells were oligoclonal during the early stages
of infection, and these results suggest that an antigen or a
group of related antigens propel the expansion and activation
of these cells.
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