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IL12RB1 is a human gene that is important for resistance to Mycobacterium tuberculosis infection. IL12RB1 is expressed by mul-
tiple leukocyte lineages, and encodes a type I transmembrane protein (IL12R�1) that associates with IL12p40 and promotes the
development of host-protective TH1cells. Recently, we observed that il12rb1—the mouse homolog of IL12RB1—is alternatively
spliced by leukocytes to produce a second isoform (IL12R�1�TM) that has biological properties distinct from IL12R�1. Al-
though the expression of IL12R�1�TM is elicited by M. tuberculosis in vivo, and its overexpression enhances IL12p40 respon-
siveness in vitro, the contribution of IL12R�1�TM to controlling M. tuberculosis infection has not been tested. Here, we dem-
onstrate that IL12R�1�TM represents a secreted product of il12rb1 that, when absent from mice, compromises their ability to
control M. tuberculosis infection in extrapulmonary organs. Furthermore, elevated M. tuberculosis burdens in IL12R�1�TM-
deficient animals are associated with decreased lymph node cellularity and a decline in TH1 development. Collectively, these data
support a model wherein IL12R�1�TM is a secreted product of il12rb1 that promotes resistance to M. tuberculosis infection by
potentiating TH cells response to IL-12.

Tuberculosis (TB) is a communicable disease that affects a large
portion of the global population (1). TB is caused by aerogenic

transmission of the intracellular pathogen Mycobacterium tuber-
culosis, which primarily infects macrophages in the lung alveoli
(2). In its active form, TB is associated with “consumption” of the
lung tissue and dissemination of M. tuberculosis to other organs; in
its latent form, TB is asymptomatic and not infectious (3). Im-
proved public health practices and the use of effective drug treat-
ment have reduced exposure and disease rates in many countries.
However, the efforts to control TB in many other countries are not
optimal, leading to mortality and morbidity rates that fall short of
World Health Organization’s goal of reversing TB incidence by
2015 (4). Complicating these efforts is the increasing inability to
control TB with short-course chemotherapy, given the emergence
of multidrug-resistant and extensively drug-resistant M. tubercu-
losis strains (5). For these reasons, continuing research into un-
derstanding the host responses that limit M. tuberculosis activity in
vivo remains important.

It is now well established that the genes IL12B and IL12RB1 are
important for host restriction of M. tuberculosis activity (6, 7).
IL12B encodes the IL12p40-subunit of the cytokines interleu-
kin-12 (IL-12), IL-23, and IL-12(p40)2, each of which serves a
protective role during experimental TB (8). IL12p40 is expressed
in the pleura of actively infected individuals (9, 10), where it sus-
tains CD4� T cell production of IFN-� (11). IL12RB1 is also tran-
scribed by pleural cells of patients with active TB (12, 13), and
encodes the protein IL12R�1, a type I transmembrane receptor
that binds the IL12p40-subunit of IL-12, IL-23, and IL-12(p40)2

(14–16). Reflecting the importance of IL12RB1 expression,
IL12RB1null individuals are susceptible to disseminated forms of
disease caused by the M. tuberculosis complex (7, 17, 18), as well as
nontuberculous mycobacteria (19–21). Given the importance of
IL12RB1 and IL-12-family members to limiting M. tuberculosis
activity, several promising, experimental vaccine strategies that
specifically target these cytokine pathways are being developed
(22, 23).

Recently, we observed that il12rb1—the mouse homolog

of IL12RB1—produces a second isoform referred to as
IL12R�1�TM, which is expressed after experimental M. tubercu-
losis infection and enhances IL12p40-dependent responses in vitro
(24). IL12R�1�TM is a product of il12rb1 alternative splicing that
was first discovered by Chua et al. upon cloning of the IL-12 re-
ceptor (25). IL12R�1�TM is similar to IL12R�1 in its retention of
a signal peptide, cytokine-binding region, fibronectin domains
(25, 26), and expression by both innate and lymphocyte lin-
eages (26). IL12R�1�TM is dissimilar to IL12R�1, however, in
that it lacks a transmembrane domain, has an alternate C-ter-
minal amino acid sequence, and localizes to an intracellular retic-
ulum that resembles the endoplasmic reticulum (ER) (26).
IL12R�1�TM’s characteristics make it similar to other cytokine
receptor splice variants that pass through the ER prior to secre-
tion (27); however, it has not yet been demonstrated that
IL12R�1�TM is a secreted protein. IL12R�1�TM expression in
the lungs coincides with a period of active M. tuberculosis replica-
tion and dissemination to lymphoid organs (24), suggesting that it
may have a role in limiting M. tuberculosis infection of tissues
peripheral to the lung. However, whether IL12R�1�TM limits M.
tuberculosis activity in vivo or influences IL12p40-dependent re-
sponses in vivo has also not yet been determined.

Here, we demonstrate that IL12R�1�TM represents a secreted
product of il12rb1 that promotes the control of experimental TB
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in extrapulmonary organs. Relative to wild-type controls, mice
that are unable to produce IL12R�1�TM have elevated numbers
of M. tuberculosis in the spleen, mediastinal lymph node, and liver.
These differences associate with a decline in the potential of TH

cells to produce gamma interferon (IFN-�) and tumor necrosis
factor alpha (TNF-�), two cytokines that are positively regulated
by IL12p40 in vivo (28). Collectively, these data support a model
wherein IL12R�1�TM production during TB protects the host by
promoting TH1 cell differentiation and limiting M. tuberculosis
growth.

MATERIALS AND METHODS
Plasmids. The cloning of mouse IL12R�1 and IL12R�1�TM into pEF-
BOS expression plasmids has been described (25); these plasmids are re-
ferred to as pIL12R�1 and pIL12R�1�TM, respectively, and were gener-
ously provided by Uli Gubler (Hoffmann-La Roche, Nutley, NJ). Empty
vector control plasmid was prepared by XbaI digestion of pIL12R�1�TM,
gel purification, and religation of the parent pEF-BOS. To generate a
tagged version of IL12R�1�TM, the pIL12R�1�TM cDNA insert was
modified to contain a 6�His encoding sequence (CATCATCACCATCA
CCAC) at its C terminus. This recombinant cDNA was then cloned into
expression vector pcDNA3.1 (Life Technologies, Grand Island, NY) to
generate pIL12R�1�TM-6�His. For cell transfections, preparations of
pIL12R�1, pIL12R�1�TM, pIL12R�1�TM-6�His, and pcDNA3.1
(empty vector) were made using a Pureyield plasmid midiprep system
(Promega, Madison, WI).

Transfections and cell culture. The NIH 3T3 mouse fibroblast line
(American Type Culture Collection, Manassas, VA) was used for all trans-
fection and subcellular fractionation studies. NIH 3T3 cells were main-
tained in complete Dulbecco modified Eagle medium (cDMEM; 10%
bovine calf serum) supplemented with L-glutamine, minimal essential
medium amino acids, sodium pyruvate, and penicillin-streptomycin.
Transient transfections of NIH 3T3 cells were done using the Lipo-
fectamine 2000 method (Life Technologies). For the generation of conca-
navalin A (ConA) blasts, spleens were dispersed through a 70-�m-pore-
size nylon cell strainer; cell preparations were then centrifuged over
Ficoll-Paque to enrich mononuclear lineages. Splenocytes were then
washed and resuspended at 20 � 106 cells/ml in cDMEM; 1 ml of spleno-
cytes was then cultured with ConA (Sigma-Aldrich; final concentration, 5
�g/ml) for 3 days before protein was collected for IL12R�1�TM localiza-
tion. For assaying splenocyte responsiveness to IL-12, spleen mononu-
clear cells were cultured in the presence of increasing concentrations of
IL-12 according to the methods of Wu et al. (29); 24 h later, culture
supernatants were clarified and used to measure IFN-� levels (BD Biosci-
ences OptEIA mouse IFN-� ELISA set).

IL12R�1�TM localization. The supernatants and cell contents of
pIL12R�1, pIL12R�1�TM, pIL12R�1�TM-6�His, and empty-vector
transfectants were collected 24 h posttransfection. Supernatants were
spun down to remove any contaminating cellular debris (10,000 � g for
30 min, 4°C); cell contents were fractionated into membrane and cytosol
components using the Qproteome cell compartment method (Qiagen,
Germantown, MD). Supernatant and subcellular fractions were buffer
exchanged into phosphate-buffered saline (PBS)-Tween and then used
for either immunoprecipitation or Western blotting to assay for the pres-
ence of proteins recognized by polyclonal anti-mouse IL12R�1 (R&D
Systems; note that the antigen used to generate anti-IL12R�1 is a peptide
sequence that is present in both IL12R�1 and IL12R�1�TM). For immu-
noprecipitation of proteins recognized by polyclonal anti-IL12R�1, we
used the protein G/Dynabead method (Life Technologies); for immuno-
precipitation of 6�His-containing proteins, PBS-equilibrated fractions
were used in the nickel-Dynabead method (Life Technologies). For West-
ern blotting, eluted fractions were first reduced and then separated by
SDS-PAGE using the Mini-Protean system (Bio-Rad, Hercules CA); pro-
teins were then transferred to nitrocellulose using a semidry system

(Trans-Blot SD cell) and probed with anti-IL12R�1 and appropriate sec-
ondary reagents.

Mice. Mice were bred at the Medical College of Wisconsin (MCW) in
the MCW Biomedical Resource Center and were treated according to
National Institutes of Health and MCW Institute Animal Care and Use
Committee (IACUC) guidelines. The C57BL/6 and FVB/N-Tg(EIIa-
cre)C5379Lmgd/J (i.e., EIIa-cre mice) strains were purchased from the
Jackson Laboratory (Bar Harbor, ME). Andrea M. Cooper (Trudeau In-
stitute, Saranac Lake, NY) kindly provided the B6.129S1-Il12rb1tm1jm/J
strain (il12rb1	/	 mice) (29), as well as the “il12rb1 KOKI” strain (de-
scribed below) that we used to generate IL12R�1�TM knockout mice.

Generation of IL12R�1�TM knockout mice. Depending on the na-
ture of the inflammatory stimulus, mouse il12rb1 may be expressed as
either IL12R�1 or IL12R�1�TM (see Fig. 2A). IL12R�1 is generated via
inclusion of il12rb1 exons 1 to 16 (Fig. 2B), whereas IL12R�1�TM is
generated by inclusion of exons 1 to 13, 15, and 16 (exon 14 is skipped; Fig.
2C). Therefore, in order to generate IL12R�1�TM knockout (�TM	/	)
mice, the splice acceptor sites necessary for exon 14 skipping were re-
moved from the wild-type il12rb1 locus. Specifically, a targeting vector
was generated (Fig. 2D) to introduce, after recombination at the short arm
(SA) and long arm (LA) of homology, a target allele (Fig. 2E) that differs
from wild-type il12rb1 in two important ways. First, the target allele con-
tains a 4.2-kb lox-P-flanked (FR) region comprising positive selection
markers (NeoR and PuroR), intron 13, exon and intron 14, exon and
intron 15, and exon 16; immediately downstream of the exon 16 3= un-
translated region (UTR) is a transcriptional STOP cassette (introduced to
prevent transcriptional read-through [30]). NeoR and PuroR are flanked
by FRT and F3 sites, respectively, and were inserted into intron 13 and
downstream of the transcriptional STOP cassette, respectively. Second,
the target allele contains, downstream of the distal loxP site, the 3= portion
of il12rb1 intron 13 containing the splice acceptor site and the cDNA
sequence corresponding to il12rb1 exons 14 to 16. according to this strat-
egy, a conditional knockin (KI) allele (Fig. 2F) is generated after Flp-
mediated removal of selection markers. These mice, referred to as “il12rb1
KOKI mice,” were generously provided to our lab by Andrea Cooper
(Trudeau Institute). Upon transfer to MCW, il12rb1 KOKI mice were
crossed with Ella-cre mice to generate F1 progeny that were heterozygous
for the recombined, constitutive allele (Fig. 2G); CRE recombination al-
lows for production of a constitutive KI allele (Fig. 2G) that effectively
removes those splice acceptor sites necessary for exon 14 skipping and
ensures the exclusive expression of IL12R�1. After intercrossing F1 mice,
F2 progeny were genotyped by PCR (Fig. 2H) to identify which pups were
homozygous for the constitutive, or �TMnull, allele (here referred to as
�TM	/	 mice). To confirm that IL12R�1�TM production was absent in
�TM	/	 mice, the levels of IL12R�1�TM protein in ConA blasts were
compared between C57BL/6, �TM	/	 mice, and il12rb1	/	 mice (which
are deficient in both il12rb1 isoforms [29]). The results of this analysis are
shown in Fig. 2I, with pIL12R�1�TM-transfected NIH 3T3 cells serving
as a positive control for IL12R�1�TM expression.

PCR genotyping. Genomic DNA (gDNA) was prepared from mouse
tail snips using the Wizard SV genomic DNA purification method (Pro-
mega). To distinguish between mice carrying a wild-type or conditional
KI allele versus those homozygous for the �TMnull allele (i.e., �TM	/	

mice), gDNA was amplified with the primers mus15_F and mus16_R. The
relative positions of mus15_F and mus16_R along each allele are indicated
in Fig. 2A, F, and G; the sequence of the forward primer mus15_F (5=-CC
CACCCCTGCCTACACCCTGT-3=) is specific to exon 15, while the se-
quence of the reverse primer mus16_R (5=-GGCAAACTGAGCCTGTGA
CTGA-3=) is specific to exon 16. The reaction conditions were the
following: 2 �l of gDNA preparation were added to a 50-�l reaction mix-
ture comprised of 75 mM Tris-HCl (pH 9.0), 20 mM (NH4)2SO4, 0.01%
Tween 20, 2 mM MgCl2, 0.1 mg/ml bovine serum albumin, 0.2 mM de-
oxynucleoside triphosphates, 0.2 �M mus15_F, 0.2 �M mus16_R, and 1 U
of Taq polymerase (New England BioLabs, Ipswich, MA). The following
cycling parameters were performed on a MyCycler PCR machine (Bio-
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Rad, Hercules, CA): incubation at 95°C for 5 min (1 cycle); denaturation
at 95°C for 30 s, annealing at 58°C for 30 s, and extension at 72°C for 90 s
(35 cycles); and a final extension at 72°C for 10 min (1 cycle). Products
were visualized on a 1% agarose gel using standard electrophoresis meth-
ods. Since mus15_F and mus16_R span intron 15, PCR amplification of
either the wild-type il12rb1 allele (Fig. 2A) or the conditional KI allele (Fig.
2F) with these primers results in a 1,556-bp product, while amplification
of the �TMnull allele (Fig. 2G) results in an 805-bp product. Shown in Fig.
2H are representative results of our amplifying gDNA from a il12rb1
KOKI founder mouse (Fig. 2H, lane 6), C57BL/6 mouse (Fig. 2H lane 5),
and three F2 progeny (M1-M3, Fig. 2H, lanes 2 to 4). A “no gDNA”
control was used in each screening to discriminate primer dimers (Fig.
2H, lane 1). From the genotyping shown, M3 was judged to be a �TM	/	

mouse (Fig. 2H, lane 4) and was used for subsequent M. tuberculosis in-
fection.

Experimental M. tuberculosis infection. The H37Rv strain of M. tu-
berculosis (Trudeau Institute) was grown in Proskauer Beck medium con-
taining 0.05% Tween 80 to mid-log phase and frozen in 1-ml aliquots at
	70°C. For aerosol delivery of 
80 bacteria, animals were placed in a
Glas-Col inhalation exposure system (Glas-Col, Terre Haute, IN) at a
maximum 20 mice per sector. After loading the nebulizer (Glas-Col) with
10 ml of diluted H37Rv (5 � 106 CFU/ml in deionized water), mice were
aerogenically infected using the following exposure settings: 900-s pre-
heat; 3,600-s nebulizing, 1,800-s cloud decay, and 900-s UV decontami-
nation (vacuum pressure, 50 cubic feet per hour (CFH); comp air pres-
sure, 15 CFH). Immediately after infection, mice were placed in
microisolator cages and, throughout the postinfection period, the ani-
mals were monitored for outward signs of distress per IACUC over-
sight. Lungs from a group of control mice were plated at day 1 postin-
fection to confirm the delivery of 
80 CFU.

Bacterial load determination. Infected mice were euthanized by CO2

asphyxiation; the indicated organs were aseptically removed and individ-
ually homogenized in sterile normal saline using the Gentle Macs, pro-
gram RNA2.1 (Miltenyi, Bergisch Gladbach, Germany). Serial dilutions of
the organ homogenate were plated on nutrient 7H11 agar. The number of
mycobacterial CFU was determined after incubating plates for 12 to 14
days at 37°C in 7% CO2.

Cell preparations. Mediastinal lymph node (MLN) cell suspensions
were prepared by first removing these organs from M. tuberculosis-in-
fected animals and then pressing them through a nylon tissue strainer
(70-�m pore size). The resulting cell suspension was treated with red
blood cell (RBC) lysis solution, washed, counted, and prepared for intra-
cellular cytokine staining and fluorescence-activated cell sorting (FACS)
analysis.

Intracellular cytokine staining and FACS analysis. All antibodies
used for FACS analysis were purchased from BD Pharmingen (San Diego,
CA). For intracellular cytokine staining, cells were collected, washed, and
placed in a V-bottom, 96-well plate in complete medium with 50 ng/ml
PMA and 1 �g/ml ionomycin. Cells were placed in a 37°C incubator for 4
h in the presence of brefeldin A (Sigma-Aldrich; 5 �g/ml, final concentra-
tion). After washing, cells were stained with allophycocyanin-conjugated
anti-CD4 and fluorescein isothiocyanate-conjugated anti-CD8, fixed with
4% formaldehyde in PBS, permeabilized in 0.1% saponin (Sigma-Al-
drich) in PBS with 2% fetal calf serum, and stained with either phyco-
erythrin (PE)-conjugated anti-IFN-� or PE-conjugated anti-TNF-�. Af-
ter all staining, cells were washed twice and acquired on a biosafety
cabinet-contained Guava 8HT flow cytometer (Millipore). Acquired data
were analyzed with FlowJo software (Tree Star, Inc., Ashland, OR).

Histological analysis. The lungs, MLNs, and livers of M. tuberculosis-
infected C57BL/6, �TM	/	, and il12rb1	/	 mice were removed on day
40 postinfection and placed in 10% neutral buffered formalin. Subsequent
sections from each genotype were stained simultaneously with hematox-
ylin and eosin (H&E) or with Ziehl-Neelsen (acid-fast stain) to allow
comparison of the staining intensities. Once the slides were generated,
images of both H&E and acid-fast stains were taken with a Labophot-2

upright microscope (Nikon, Tokyo, Japan) using a Retiga 2000R camera
(QImaging, Surrey, British Columbia, Canada) and analyzed using NIS
Elements software (Nikon).

Statistical analysis. Figures were prepared using GraphPad Prism
v5.0a. Statistical analyses used the bundled software. Bars in the figures
show means � the standard deviations (SD). Numbers shown between
data points represent P values for the comparisons indicated. Statistical
comparisons involving more than two experimental groups were made
using analysis of variance (ANOVA). All other statistical comparisons
were conducted using the Student t test.

RESULTS
IL12R�1�TM is a secreted product of il12rb1. Since several cy-
tokine receptor splice variants pass through the ER prior to being
secreted (27), we hypothesized that IL12R�1�TM represents a
secreted product of il12rb1. To test this hypothesis, we transfected
NIH 3T3 mouse fibroblasts with the mammalian expression vec-
tor pEF-BOS containing cDNAs for either IL12R�1�TM
(pIL12R�1�TM) or IL12R�1 (pIL12R�1) (25). After 24 h, the
supernatants of transfected cells were collected, clarified, and in-
cubated with bead-conjugated anti-mouse IL12R�1 (a polyclonal
that recognizes residues that are present in both IL12R�1 and
IL12R�1�TM); bead-bound proteins were then examined by
Western blotting with the same antibody. In a manner identical to
that done for NIH 3T3 transfectants, the supernatants of
il12rb1�/� ConA blasts (which express both IL12R�1 and
IL12R�1�TM [25]) and il12rb1	/	 ConA blasts (which lack ex-
pression of any il12rb1 isoform [29]) were also incubated with
bead-conjugated anti-IL12R�1 so as to immunoprecipitate any
secreted proteins recognized by this antibody. As shown in Fig.
1A, supernatants from il12rb1�/� ConA blasts contained a pro-
tein recognized by anti-IL12R�1 that was not present in the su-
pernatants of il12rb1	/	 ConA blasts (Fig. 1A, lanes 1 and 2). The
size of this protein was 
80 kDa, which is close to the predicted
size of IL12R�1�TM (74.5 kDa) based on the amino acid se-
quence alone (25). The supernatants of pIL12R�1�TM transfec-
tants also contained a protein recognized by anti-IL12R�1 (Fig.
1A, lane 5) that was similar in size to that secreted by il12rb1�/�

ConA blasts and was not present in the supernatants of pIL12R�1
or empty-vector-transfected controls (Fig. 1A, lanes 3 and 4). We
conclude from this that expression of IL12R�1�TM, but not
IL12R�1, results in secretion of a protein recognized by anti-
IL12R�1.

As an additional means of testing whether IL12R�1�TM is se-
creted protein, we modified the cDNA present in pIL12R�1�TM
to contain a C-terminal His tag (6�His). Tagged IL12R�1�TM
was subsequently cloned into the pcDNA3.1 expression vector
(pIL12R�1�TM-6�His) and transfected into NIH 3T3 cells as
described above. In addition to collecting their supernatants,
transfected cells were also fractionated into both cytosol and
membrane-containing components (ER, Golgi body, and plasma
membrane). Supernatants and cell fractions were then passed over
nickel beads to bind tagged IL12R�1�TM; bound proteins were
then examined by Western blotting for reactivity with anti-
IL12R�1. Consistent with localization to the ER, the membrane
fraction of pIL12R�1�TM-6�His transfectants contained a pro-
tein recognized by anti-IL12R�1 (Fig. 1B, lane 2). This protein
was not present in the membrane fraction of cells transfected with
empty vector (Fig. 1B, lane 1), nor was it observed in the cytosol
fraction of pIL12R�1�TM-6�His transfectants (Fig. 1B, lane 5).
The supernatant of pIL12R�1�TM-6�His transfectants also con-
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tained a protein recognized by anti-IL12R�1 (80- to 100-kDa
range of Fig. 1B, lane 4) that, albeit slightly larger than its mem-
brane fraction counterpart, was also not present in the superna-
tants of empty-vector transfectants (Fig. 1B, lane 3). Curiously,
additional products were found in the supernatant of
pIL12R�1�TM-6�His transfectants that, while smaller than the
predicted size of IL12R�1�TM, were nevertheless recognized by
anti-IL12R�1 and not present in the supernatants of empty-vec-
tor transfectants (40- to 60-kDa range of Fig. 1B, lane 4). Collec-
tively, when combined with the results of Fig. 1A, these data dem-
onstrate that IL12R�1�TM is a secreted product of il12rb1.

IL12R�1�TM-deficient mice retain the ability to ex-
press IL12R�1 but are unable to produce IL12R�1�TM.
IL12R�1�TM production is induced following M. tuberculosis in-
fection (24). To test the significance of IL12R�1�TM production
to in vivo M. tuberculosis infection, it was first necessary to gener-
ate mice that were unable to produce this isoform. However, since
IL12R�1 and IL12R�1�TM mRNAs are derived from the same

il12rb1 allele (Fig. 2A)—with IL12R�1 being produced via in-
clusion of all 16 il12rb1 pre-mRNA exons (Fig. 2B) and
IL12R�1�TM being produced via deletion of exon 14 from the
il12rb1 pre-mRNA (24) (Fig. 2C)—it was necessary to modify the
wild-type il12rb1 allele in a way that knocked out the animals’
ability to express IL12R�1�TM without affecting IL12R�1. To do
this, we took advantage of the fact that for eukaryotic genes such as
il12rb1, such deletions are caused by splicesome-mediated exon
skipping (SMES) (31). Since SMES pertains to il12rb1 pre-mRNA
splicing, rather than joining the intron 13 splicing donor site (at
the 5= end of intron 13) to the nearest splicing acceptor site (at the
3= end of intron 13) (Fig. 2B), the splicesome instead joins the
intron 13 donor site to the next closest splicing acceptor site at
the 3= end of intron 14 (Fig. 2C). Therefore, to disable animals’
expression of IL12R�1�TM, a targeting vector (Fig. 2D) was in-
troduced into mouse embryos to create a targeted allele (Fig. 2E),
which upon FLP and CRE recombination (Fig. 2F and G), pro-
duced mice with a constitutive KI allele lacking introns 13 and 14
(i.e., the introns necessary for SMES of exon 14). Mice that were
homozygous for this �TMnull allele (Fig. 2G) were discernible by
PCR genotyping (Fig. 2H) and are here referred to as �TM	/	

mice. Western analysis of spleen ConA blasts confirmed the ab-
sence of the IL12R�1�TM expression in �TM	/	 mice (Fig. 2I);
as is also true of il12rb1	/	 mice (29), �TM	/	 mice did not
exhibit any growth defects, gross anatomical abnormalities, or
breeding difficulties (data not shown). Collectively, these data
support a model wherein IL12R�1�TM is produced by SMES and
wherein �TM	/	 mice are viable and retain the ability to express
IL12R�1 but are unable to produce IL12R�1�TM.

�TM�/� mice are compromised in their ability to control M.
tuberculosis in extrapulmonary organs. Given the host-protec-
tive roles that IL-12 family members have during experimental TB
(8), we hypothesized that IL12R�1�TM production is also host-
protective after M. tuberculosis infection. To test this hypothesis,
�TM	/	 mice were aerogenically infected with a low dose (
80
CFU) of virulent M. tuberculosis strain H37Rv. At select times
postinfection, the M. tuberculosis burdens were determined for the
lungs and extrapulmonary organs (i.e., MLNs, liver and spleen)
and compared to those of C57BL/6 and il12rb1	/	 controls. Con-
sistent with previous observations (32), C57BL/6 mice were able
to control M. tuberculosis growth in the lung by 40 days postinfec-
tion, while il12rb1	/	 mice were unable to do the same (Fig. 3A).
In addition to the lung, the importance of il12rb1 to controlling
M. tuberculosis growth also extends to extrapulmonary organs, as
evidenced by higher M. tuberculosis CFU numbers in the
il12rb1	/	 spleen (Fig. 3B), MLN (Fig. 3C), and liver (Fig. 3D) by
40 days postinfection. There is also an abundance of acid-fast ba-
cilli in the il12rb1	/	 MLN (Fig. 3E) and il12rb1	/	 liver (Fig. 3F)
at day 40 postinfection. Like C57BL/6 controls, �TM	/	 mice
were also able to contain M. tuberculosis growth in the lung (Fig.
3A); while at day 60 postinfection a modest increase in �TM	/	

lung M. tuberculosis burdens was observed, this difference was not
statistically different from C57BL/6 controls (P � 0.08). However,
relative to C57BL/6 controls, �TM	/	 mice had consistently
higher M. tuberculosis CFU in extrapulmonary organs beginning
at day 40 postinfection (Fig. 3B to D). Consistent with elevated M.
tuberculosis CFU, �TM	/	 mice also had noticeably more acid-
fast bacilli in their MLNs (Fig. 3E) and livers (Fig. 3F) relative to
C57BL/6 controls (compare the top and middle rows of Fig. 3E
and F). Importantly, the M. tuberculosis burdens in �TM	/	 mice

FIG 1 IL12R�1�TM is a secreted protein. (A) il12rb1�/� and il12rb1	/	

splenocytes were cultured in the presence of ConA for 3 days, after which
supernatants were immunoprecipitated with anti-IL12R�1. In an identical
manner, supernatants from empty-vector-, pIL12R�1-, and pIL12R�1�TM-
transfected NIH 3T3 cells were also collected and immunoprecipitated. Eluted
proteins were reduced, subjected to SDS-PAGE, blotted, and probed with anti-
IL12R�1 after membrane transfer. Shown is an anti-IL12R�1 blot from each
type of supernatant (indicated above the blot); lanes are also enumerated (be-
low the blot) for clarity. (B) NIH 3T3 cells were transfected with either
pIL12R�1�TM-6�His (abbreviated as p�TM-6�His) or empty vector con-
trol. After 24 h, the supernatants of transfected cells were collected, along with
the membrane and cytosol fractions of each group, and passed over nickel
beads. Nickel-bound proteins were reduced and blotted with anti-IL12R�1 as
performed for panel A. For panels A and B, the blots are representative of two
separate transfection experiments; indicated along the side of each blot are the
positions of 100, 80, 60, and 40-kDa markers.
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FIG 2 IL12R�1�TM-deficient mice retain the ability to produce IL12R�1 but are unable to produce IL12R�1�TM. (A) Wild-type il12rb1 is located on mouse
chromosome 8, comprises a 5= UTR, 16 exons, and a 3= UTR, and is neighbored by the genes mast3 and arrdc2. The first 13 exons of il12rb1 encode the
extracellular domains of IL12R�1, while exon 14 encodes the transmembrane (TM) domain, and exons 15 and 16 encode intracellular signaling domains. (B and
C) The pre-mRNA produced by il12rb1 transcription is normally spliced to produce two distinct isoforms, IL12R�1 and IL12R�1�TM. (B) IL12R�1 is produced
by inclusion of all il12rb1 exons, including exons 13 to 16; this requires joining of the splice donor “D” and acceptor “A” sites depicted by the dashed lines. (C)
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were below those observed in il12rb1	/	 mice, whether assessed
by CFU burden (Fig. 3A to D) or acid-fast staining (compare the
middle and bottom rows of Fig. 3E and F). Collectively, these data
demonstrate that �TM	/	 mice are compromised in their ability
to control M. tuberculosis infection in extrapulmonary organs, al-
beit not to the same degree as il12rb1	/	 mice.

�TM�/� TH cells have a diminished capacity to produce
IFN-� and TNF-�. M. tuberculosis-driven TH1 development is
positively regulated by IL12p40 in vivo (28) and is an impor-
tant determinant of host control (33). To determine whether
IL12R�1�TM’s ability to potentiate IL12p40-responsiveness ex-
tends in vivo, we compared the ability of �TM	/	 mice to gener-
ate a TH1 response following M. tuberculosis infection to that of
C57BL/6 and il12rb1	/	 controls. Specifically, groups of C57BL/6,
�TM	/	, and il12rb1	/	 mice were infected with M. tuberculosis.
On days 15 and 30 postinfection, the MLNs were resected, and the
frequency and number of IFN-�� CD4� and TNF-�� CD4� cells
were assessed by intracellular cytokine staining.

Upon visual examination of the MLNs, we noted that �TM	/	

MLNs were smaller than those of C57BL/6 mice, with il12rb1	/	

MLNs being the smallest of all genotypes (insets, Fig. 4A to C). The
smaller sizes of �TM	/	 and il12rb1	/	 MLNs (relative to
C57BL/6 MLNs) associated with decreased cellularity, as observed
by less-intense hematoxylin staining (Fig. 4A to C) and fewer total
cell numbers (Fig. 4D). When we compared the ability of each
genotype to generate TH1 cells, we noted that the frequency of
CD4� IFN-�� cells in �TM	/	 MLNs was reduced compared to
C57BL/6 MLNs on days 15 and 30 postinfection (Fig. 5A, B, and
D). A similar decline in the frequency of CD4� TNF-�� cells was
also observed in �TM	/	 MLNs (Fig. 5E, F, and H). Notably, the
frequency of CD4� IFN-�� cells in �TM	/	 MLNs, albeit lower
than C57BL/6 controls, was higher than that observed in
il12rb1	/	 MLNs (Fig. 5B, C, and D). This intermediate pattern
was also true of CD4� TNF-�� cells (Fig. 5F, G, and H). CD8�

production of IFN-� and TNF-� was unaffected by the absence of
IL12R�1�TM (data not shown). Consistent with a decline in TH1
development, granulomatous regions in M. tuberculosis-infected
�TM	/	 lungs (day 40 postinfection) appeared to be less lympho-
cytic than C57BL/6 controls at the same time (Fig. 5I and J). How-
ever, the relative ratio of lymphocytes to histiocytes in �TM	/	

lungs appeared to be similar to that of C57BL/6 controls. This was
not the case in the granulomatous regions of il12rb1	/	 lungs (Fig.
5K), which relative to C57BL/6 controls (Fig. 5I) appeared to be

less lymphocytic and have a lower lymphocyte/histiocyte ratio.
Collectively, the data demonstrate that �TM	/	 TH cells have a
diminished capacity to produce IFN-� and TNF-�, albeit not as
extensive as that of il12rb1	/	 TH cells.

IL12R�1�TM potentiates IL-12-responsiveness in an envi-
ronment where IL-12 is limiting. The lower numbers of CD4�

IFN-�� cells in the lungs of M. tuberculosis-infected �TM	/	

mice suggest that lymphocytes in these animals are less sensitive to
IL-12. To test the hypothesis that IL12R�1�TM is a positive reg-
ulator of IL-12 responsiveness, we cultured spleen mononuclear
preparations from C57BL/6, �TM	/	, and il12rb1	/	 mice in the
presence of ConA and increasing concentrations of IL-12. After 24
h, the IFN-�-levels produced by each genotype at each IL-12-
concentration were measured and compared. The results of this
experiment are shown in Fig. 6. Consistent with the results of Wu
et al. (29), C57BL/6 splenocytes responded to IL-12 by producing
IFN-� in an IL-12 concentration-dependent manner, while IFN-�
production by il12rb1	/	 splenocytes was significantly lower at all
IL-12-concentrations. Relative to the C57BL/6 controls, �TM	/	

splenocytes produced significantly less IFN-� at lower levels of
IL-12 (0.005 to 0.05 ng/ml). At higher levels of IL-12 (0.5 to 50
ng/ml), no differences in IL-12 responsiveness existed between
C57BL/6 and �TM	/	 splenocytes. At all concentrations of IL-12
(0.005 to 50 ng/ml), �TM	/	 splenocytes produced significantly
more IFN-� than il12rb1	/	 controls. Collectively, these data
demonstrate that IL12R�1�TM potentiates IL-12-elicited IFN-�
in an environment where the IL-12 concentration is limiting.

DISCUSSION

Alternative splicing is a posttranscriptional process that can pro-
duce, from a single cytokine receptor gene, multiple mRNAs that
translate into cytokine receptors with distinct, isoform-specific
functions (27, 34). These alternate receptor isoforms can suppress
or potentiate the activity of their cognate cytokine. Suppressive
isoforms include splice variants of the IL-1 receptor accessory pro-
tein (IL-1RAcP) (35), IL-1 receptor type II (IL-1RII) (36), TNF
receptor 2 (TNFR2) (37), IL-4 receptor � (IL4R�) (38), leukemia
inhibitory factor receptor � (LIFR�) (39), erythropoietin receptor
(EPOR) (40), glycoprotein 130 (gp130) (41), IL-5 receptor �
(IL5R�) (42), oncostatin M receptor (OSMR) (43), and vascular
endothelial growth-factor receptor 1 (VEGFR1) (44) and receptor
2 (VEGFR2) (45). Potentiating isoforms are fewer, and include
splice variants of the IL-6 receptor � (IL6R�) (46), IL-7 receptor �

IL12R�1�TM is produced by inclusion of every il12rb1 exon but exon 14. This requires joining of the intron 13 splice D and intron 14 A sites, as depicted by
dashed lines. Upon joining the intron 13 “D” and intron 14 “A” sites, exon 14 is removed from the il12rb1 pre-mRNA. This effectively results in “skipping” of
exon 14. To generate mice that are unable to produce IL12R�1�TM but able to produce IL12R�1, the wild-type il12rb1 allele (A) was replaced with a targeted
allele that, following Cre-recombination, is nonpermissive to il12rb1 pre-mRNA exon 14 skipping (E). Specifically, recombination between il12rb1 and the short
arm (SA) and long arm (LA) of a targeting vector was used to introduce a loxP-flanked region (FR) containing the targeted allele, as well as two resistance cassettes
(NeoR and PuroR) (D). (F) After FLP recombination, a conditional knockin (KI) allele was generated that, similar to the wild-type allele, was permissive to
pre-mRNA exon 14 skipping (i.e., contained the necessary donor and acceptor splice sites). Transcriptional readthrough past the floxed region was prevented via
a transcriptional STOP cassette. The mice containing this conditional KI allele are referred to as “il12rb1 KOKI mice.” This conditional allele was removed (G)
after crossing mice onto the EIIA-Cre background, leaving a constitutive KI (i.e., �TMnull) allele that lacked the introns necessary for exon 14 skipping, rendering
mice IL12R�1�TM deficient. (H) PCR genotyping with the primers mus15_F and mus16_R was used to discriminate mice harboring either a wild-type il12rb1
allele or conditional KI allele and those homozygous for the �TMnull allele (i.e., �TM	/	 mice). Shown is a representative gel image demonstrating the results
of genotyping il12rb1 KOKI mice (lane 6), C57BL/6 mice (lane 5), three F2 progeny (lanes 2 to 4), and a “no gDNA control” (lane 1). Indicated in panels A, F, and
G are the relative positions of primers mus15_F and mus16_R along the wild-type (A), conditional KI (F), and �TMnull (G) alleles. On the sides of the gel in panel
H are indicated the expected amplicons from either the wild-type or conditional KI allele amplification (1,556 bp), as well as the �TMnull allele amplification (805
bp). (I) To confirm that �TM	/	 mice are unable to produce IL12R�1�TM, total cell lysates from C57BL/6 (lane 1), �TM	/	 (lane 2), and il12rb1	/	 ConA
blasts were probed via Western blot with anti-IL12R�1. Cell lysates from NIH 3T3 cells transfected with pIL12R�1�TM served as a positive control for
IL12R�1�TM expression (lane 4). All protein lysates were probed with anti-GAPDH as a loading control (bottom panel).
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(IL7R�) (47), IL-15 receptor � (IL15R�) (48), and transforming
growth factor � receptor 1 (T�R-I) (49). Rather than potenti-
ating its cytokine, a splice variant of the interferon � receptor 2
(IFNAR2) can actually substitute for type I IFN in in vitro
assays (50).

Given the number of cytokine receptor splice variants, it is no
surprise that changing the levels of several receptor variants can
have significant in vivo effects. The IL6R� splice variant enhances
IL-6’s activities in the mouse central nervous system, leading to
changes in body temperature and locomotor activity (51), while
IL6R�/IL-6 double transgenic mice display increases in hepatic
hematopoiesis and hepatocellular hyperplasia (52, 53). Spliced
IL7R� exacerbates experimental autoimmune encephalomyelitis
(47), while signal-mediated changes in VEGFR1 splicing alters
vasculogenesis in tissue culture models systems (54). Increased
serum concentrations of select cytokine receptor splice variants
can also be indicative of an underlying pathology. For example,
increased serum levels of spliced TNFR2 are found in both septic
individuals and in rheumatoid arthritis patients (37). The levels of
spliced EPOR in the serum of dialysis patients correlates with the
amount of therapeutic recombinant erythropoietin required by
the same individuals (40). Bronchoalveolar lavage levels of spliced
IL6R� are indicative of chronic lung disease in premature infants
(55), while increased serum levels of spliced IL5R� are indicative
of systemic abundance of mast cells (56). Pertaining to cancer,
multiple myeloma patients have increased serum levels of spliced
OSMR relative to healthy individuals (43), while an increased level
of IL15R� in head and neck cancer patients is predictive of a poor
clinical outcome (48). These studies demonstrate that, in addition
to the levels of cytokines themselves, the relative levels of potenti-
ating or suppressive receptor isoforms can also influence cyto-
kine-driven phenomena.

Here we have shown that IL12R�1�TM, an alternative splice
variant of the il12rb1 gene, is a secreted protein that is host-pro-
tective in the context of experimental TB—a model of human TB
whose outcome is dependent on the expression of il12b and
il12rb1 gene products (32, 57). IL12R�1�TM was first observed
by Chua et al. (25) nearly 20 years ago upon cloning and charac-
terization of the mouse IL-12 receptor (therein referred to as
“clone 3”), as well as by Showe et al. (58) in the spleens of Myco-
bacterium bovis BCG/lipopolysaccharide-treated animals (re-
ferred to as “�1b” in that study). Our own interest in
IL12R�1�TM stems from observing its expression in the lungs of
M. tuberculosis-infected animals and that overexpression of
IL12R�1�TM enhances IL12p40-dependent responses in vitro
(24). That IL12R�1�TM-deficient mice have decreased numbers
of M. tuberculosis-elicited TH1 cells, as well as increased M.
tuberculosis burdens in peripheral organs, demonstrates that
IL12R�1�TM’s enhancement of IL12p40-dependent response
extends in vivo. Our results also suggest that IL12R�1’s ability to
inhibit M. tuberculosis growth in extrapulmonary organs and pro-
mote TH1 development is greater than that of IL12R�1�TM, since
mice that are deficient in both IL12R�1 and IL12R�1�TM (i.e.,
il12rb1	/	 mice) exhibit higher bacterial burdens, and greater dif-
ferences in TH1 numbers, than mice deficient in IL12R�1�TM
alone (i.e., �TM	/	 mice). The balance between IL12R�1 versus
IL12R�1�TM is especially important in the lung, since il12rb1	/	

mice displayed significantly higher M. tuberculosis burdens than
�TM	/	 mice.

Compared to wild-type controls, aerosol-infected �TM	/	

FIG 3 IL12R�1�TM-deficient mice are compromised in their ability to con-
trol M. tuberculosis in extrapulmonary organs. �TM	/	 mice, along with
C57BL/6 and il12rb1	/	 controls, were aerogenically infected with 
80 CFU
of M. tuberculosis strain H37Rv. On days 15, 20, 30, and 40 postinfection, the
lungs and spleens from the indicated groups were resected and plated on 7H11
agar. Shown for each group are the mean M. tuberculosis CFU counts (� the
standard deviations) present in the lung (A), spleen (B), MLN (C), and liver
(D) at each time point (three to four mice per group per time point). Signifi-
cant differences between �TM	/	 mice and either C57BL/6 or il12rb1	/	

controls are indicated by asterisks (P � 0.05, Student t test). The data are
representative of two separate experiments. (E and F) From the same groups,
Ziehl-Neelsen staining was used to determine the extent to which acid-fast
bacilli were present in the MLNs (E) and liver (F) of each mouse. Shown are
representative micrographs of each tissue (three MLN micrographs, one liver
micrograph) from C57BL/6 (top row), �TM	/	 (middle row), and il12rb1	/	

mice (bottom row) on day 40 postinfection.
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mice develop higher M. tuberculosis burdens in organs peripheral
to the lung, but not in the lung itself. The specificity of this phe-
notype to peripheral organs is reminiscent of mice deficient in
other pathways that modulate delayed-type hypersensitivity
(DTH), including p19-dependent pathways and tryptophan star-
vation (59, 60). p19 encodes a subunit of IL-23, a cytokine that
compensates for the absence of IL-12 during experimental TB;
aerosol-infected p19	/	 mice have consistently higher M. tuber-
culosis burdens in the spleen after 120 days postinfection, with no
differences observed in the lung until later chronic disease stages
(60, 61). TH cells use tryptophan starvation in synergy with IFN-�
to limit M. tuberculosis (59); the significance of tryptophan star-
vation is also more apparent in the periphery, since treating aero-
sol-infected mice with an inhibitor of tryptophan biosynthesis
(6-FABA) has a greater impact on M. tuberculosis numbers in the
spleen than in the lungs (59). Why the significance of these mech-
anisms—whether they are driven by IL12R�1�TM, IL-23 or tryp-
tophan starvation— becomes apparent only in the periphery (and
not the lungs) is likely a reflection of the different manners by
which M. tuberculosis arrives to the lung and periphery of aerosol-
infected animals. For our studies of �TM	/	 mice, and for others’
studies of p19	/	 or 6-FABA-treated mice (59, 60), �102 M. tu-
berculosis CFU arrive in the lung in aerosolized droplets of media
(62); upon deposition in the alveoli, M. tuberculosis’s thick cell
wall is its only protection against the innate immune defenses that
directly inhibit or kill M. tuberculosis, including surfactant protein
D (63), antimicrobial peptides (AMPs) (64), and phagolysosomal
fusion (65). M. tuberculosis adapts to this environment by inhib-
iting phagolysosome fusion (65), residing in phagocytes away
from extracellular AMPs and surfactant proteins. Approximately
9 days postinfection, the lung burden has increased to �104 M.
tuberculosis CFU, and a “spillover” occurs wherein M. tuberculosis
disseminates from the lungs to the draining mediastinal lymph
nodes (MLNs) and spleen (66). Since mouse lungs do not display
overt signs of epithelial or vascular damage at this time (67), the
appearance of M. tuberculosis in the MLNs and spleen is likely due
to M. tuberculosis dissemination via an innate cell carrier. Sup-
porting this model, Wolf et al. (68) demonstrated that after infect-
ing animals with green fluorescent protein (GFP)-expressing M.
tuberculosis, multiple innate lineages carry GFP-M. tuberculosis to
the MLN; the majority of these GFP� emigrants are CD11chi

CD11bhi myeloid DCs. As M. tuberculosis arrives in the periphery
using DCs as its vehicle (as opposed to media), effective DTH
becomes all the more important for host protection since M. tu-
berculosis is now shielded from innate defenses in the extracellular
environment (e.g., AMPs). Therefore, a tempered DTH re-
sponse—whether due to a deficiency in IL12R�1�TM, IL-23, or
tryptophan starvation—is manifested greater in these organs. Per-
haps for this same reason, the functional inhibition of M. tuber-
culosis by mouse splenocytes is a useful surrogate for BCG-vac-
cine-mediated protection in mice (69).

As recently and extensively reviewed by van de Vosse et al. (70),
multiple IL12RB1 polymorphisms confer susceptibility to myco-
bacterial infection. The importance of these IL12RB1 polymor-
phisms on IL-12 signaling and TH1 development has historically
been interpreted in the context of human IL12R�1, which, relative
to IL12R�1�TM, is better studied since its cloning by Chua et al.
(71). However, given our observation that IL12R�1�TM is host
protective in experimental TB, albeit less so than IL12R�1 itself,
polymorphisms specifically affecting human IL12RB1 splicing

FIG 4 M. tuberculosis-infected �TM	/	 mice have decreased MLN cellular-
ity. MLNs from M. tuberculosis-infected C57BL/6 (A), �TM	/	 (B), and
il12rb1	/	 (C) mice were collected on day 40 postinfection, fixed, and stained
with H&E. Shown in the insets are magnified sections (�4) of the MLNs from
mice of each genotype, along with �100 magnifications of the lymph node
cortex. (D) MLNs from the same genotypes were collected on day 30 postin-
fection and physically disrupted into to generate single cell suspensions. After
RBC lysis, the cell preparations were counted, and the results were compared
between each genotype. Bars represent the mean MLN cell count of three to
four mice per genotype (� the standard deviations). Significant differences
between counts of each genotype are indicated by asterisks (P � 0.05, Student
t test). The data are representative of two separate experiments.
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should also be considered in the future when a relationship be-
tween IL12RB1 expression and mycobacterial susceptibility is sus-
pected. Efforts are under way to identify the cis-elements in the
human genome that direct preferential splicing of the various hu-
man IL12RB1 isoforms. Sequence variation in these elements may
underlie why, between healthy individuals with otherwise identi-
cal IL12RB1 exon sequences, such wide variation in IL12RB1 splic-
ing exists (26).

Finally, the mechanism by which IL12R�1�TM promotes
IL12p40-dependent responses is likely distinct from that of
IL12R�1, a type I transmembrane protein that associates with the

IL12p40 domain of IL-12, and signals in concert with IL12R�2
(which binds the IL12p35 domain of IL-12). The extracellular
portion of IL12R�1 contains the cytokine binding region neces-
sary for physical association with IL-12, while the cytoplasmic
portion acts in concert with IL12R�2 to transmit intracellular
signals via preassociated TYK2 (72). IL12R�1�TM differs from
IL12R�1 in its lacking a transmembrane-domain and having a
distinct C terminus. These characteristics of IL12R�1�TM, when
placed in the context of the classical IL-12 signaling pathway and
how other potentiating cytokine receptor splice variants function
(47, 73), have led us to a model wherein, after its secretion,

FIG 5 �TM	/	 TH cells have a diminished capacity to produce IFN-� and TNF-�. MLNs from M. tuberculosis-infected C57BL/6 (A and E), �TM	/	 (B and F),
and il12rb1	/	 (C and G) mice were collected on days 15 and 30 postinfection. After RBC lysis, cell preparations were stimulated in vitro with PMA-ionomycin,
and stained for either CD4 and intracellular IFN-� (A to C) or CD4 and intracellular TNF-� (E to G). Panels A to C and E to G show dot plots representing the
FACS data collected from each genotype on day 30 postinfection. The number in each inset is the percentage of CD4� cells that were positive for the indicated
cytokine. For both CD4 and intracellular cytokine staining, isotype controls were used to establish positive gates (data not shown). Panels D and H show the
combined percent CD4� IFN-�� (D) and percent CD4� TNF-�� (H) data for each genotype (three to four mice per genotype) on days 15 and 30 postinfection.
The data points represent the means � the standard deviations for each genotype at each time point. Significant differences between �TM	/	 mice and either
C57BL/6 or il12rb1	/	 controls are indicated by asterisks (P � 0.05, Student t test). (I to K) Micrographs of H&E-stained sections from M. tuberculosis-infected
lungs of C57BL/6 (I), �TM	/	 (J), and il12rb1	/	 (K) mice. The lungs were taken at day 40 postinfection. The images shown are representative of sections of four
mice per group. All data are representative of two separate experiments.
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IL12R�1�TM enhances IL-12’s stability and/or bioavailability,
prolonging its interaction with IL12R�1 and IL12R�2.
IL12R�1�TM’s potentiation of IL-12 responsiveness depends on
the concentration of IL-12 in the extracellular environment:
IL12R�1�TM’s enhancement of IL-12 responsiveness is apparent
in an environment where the concentration of IL-12 is limited but
absent in an environment where the concentration of IL-12 is high
(Fig. 6). These data are consistent with a model wherein
IL12R�1�TM stabilizes the IL-12–IL12R�1’s interaction when
IL-12’s concentration is nonsaturating. Although biochemical ex-
periments are being initiated to test this model, additional data
supporting this model include the fact that IL12R�1�TM’s
unique C terminus does not have any obvious signaling domains
and that its enhancement of DC IL-12(p40)2 responsiveness is also
IL12R�1 dependent (24). Given that IL12R�1�TM exists in both
membrane-associated and secreted forms (Fig. 1), it is possible
that it can function both in cis (i.e., on the cell expressing
IL12R�1�TM) and in trans (i.e., on other cells) to potentiate of
IL-12 responsiveness. Preliminary experiments testing this possi-
bility have thus far been inconclusive (data not shown); however,
should IL12R�1�TM function in trans, it raises the exciting pos-
sibility that recombinant IL12R�1�TM could be used to boost
both IL-12 responsiveness as part of a vaccine strategy. Although
IL12R�1�TM is expressed by both innate and adaptive lineages
(24, 26), our recent demonstration that il12rb1 gene products
must be expressed by rag1-dependent lineages for TB control to
occur (32) supports a model wherein T cell expression of
IL12R�1�TM, and not innate expression, is primarily responsible
for IL12R�1�TM’s protective effects in extrapulmonary sites.
Therefore, it will be important to understand IL12R�1�TM’s
mechanism in the context of TH1 cell biology and how the balance
between IL12R�1 and IL12R�1�TM fine-tunes the TH1 response,
since this lineage is required for TB control (33).
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