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Up-Regulation of the IL-12 Receptorb2 Chain in Crohn’s Disease1

Tiziana Parrello,* Giovanni Monteleone,† Salvatore Cucchiara,‡ Ivan Monteleone,*
Ladislava Sebkova,* Patrizia Doldo,* Francesco Luzza,* and Francesco Pallone2§

Crohn’ s disease (CD) is a chronic intestinal inflammatory disorder characterized by aberrant mucosal Th1 cell activation and
production of IL-12, the major Th1-driving factor. The T cell response to IL-12 is dependent on the expression of a specific
receptor composed of two subunits, termed IL-12Rb1 and IL-12Rb2. The content of IL-12Rb2, as measured at the mRNA level,
is crucial in regulating Th1 differentiation. In this study we therefore investigated IL-12Rb2 RNA transcripts in CD. IL-12Rb2
expression was increased in active CD as well asHelicobacter pylori(HP)-associated gastritis andSalmonellacolitis compared with
that in inactive CD, ulcerative colitis, noninflammatory controls, and celiac disease. In contrast, IL-12Rb1 transcripts were
expressed at comparable levels in all samples. In CD, IL-12Rb2 expression strictly correlated with tyrosine phosphorylation of
STAT4, a key component of the IL-12-dependent Th1 polarization. This was associated with a pronounced expression of IFN-g.
Transcripts for IL-12/p40 were detected in CD, HP-positive, andSalmonellacolitis patients, but not in celiac disease, indicating
that IL-12R b2 up-regulation occurs only in IL-12-associated Th1 gastrointestinal diseases. Finally, we showed that stimulation of
lamina propria mononuclear cells with IL-12 enhanced IL-12Rb2, suggesting that IL-12 regulates IL-12Rb2 expression in human
gastrointestinal mucosa. The data show that the signaling pathway used by IL-12 to induce Th1 differentiation is increased at the
site of disease in CD, further supporting the view that IL-12/IL-12R signals contribute to the inflammatory response in this
condition. The Journal of Immunology,2000, 165: 7234–7239.

A large body of evidence indicates that activated Th1 cells
play a central role in the pathogenesis of tissue damage
in Crohn’s disease (CD)3 (1). Data have been also pro-

vided showing that IL-12, the major Th1-inducing factor, is up-
regulated in CD tissue and that IL-12 contributes to the preferential
expansion of IFN-g-secreting cells in this condition (2–5). Fur-
thermore, studies in murine models have demonstrated that neu-
tralization of IL-12 leads to rapid and complete recovery of ex-
perimental colitis resembling CD (6). Signal transduction by IL-12
results in rapid phosphorylation and activation of STAT molecules
(7). Although IL-12 can activate both STAT3 and STAT4, the
effect of IL-12 on Th1 cell differentiation depends specifically on
the expression of STAT4. Indeed, T cells from STAT4-deficient
mice manifest impaired IFN-g production in response to IL-12
and are unable to promote the development of colitis when trans-

ferred to immunodeficient mice (8, 9). In contrast, overexpression
of STAT4 in transgenic mice results in the induction of Th1-me-
diated colitis (10). Taken together these observations support the
concept that the IL-12/STAT4 signaling pathway is important in
promoting Th1 cell activation and causing tissue injury in the in-
testine (11, 12).

The T cell response to IL-12 is dependent on the expression of
high affinity IL-12R composed of two subunits, termed IL-12Rb1
and IL-12Rb2 (13). Studies in both humans and experimental
models have demonstrated that the responsiveness to IL-12 of Th1
cells and the lack of responsiveness of Th2 cells correlate with the
differential expression of the IL-12R chains in these two cell types.
Th1 cells express both the IL-12Rb1 and IL-12Rb2 subunits,
whereas Th2 cells express only the IL-12Rb1 chain. Although Th1
and Th2 cells can bind IL-12, only Th1 cells are capable of sig-
naling in response to IL-12 (14, 15). These observations indicate
that the IL-12Rb2 chain is the signaling component of the IL-12R.
This is in agreement with the demonstration that IL-12Rb2, in
contrast to IL-12Rb1, contains tyrosine residues in its cytoplasmic
domain and directly interacts with STAT4 (13, 16). The level of
IL-12Rb2 can therefore be crucial in determining the balance of
Th1/Th2 cytokines during the course of an immune response (17).
Consistent with this idea, a preferential expression of IL-12Rb2
has been documented in human diseases characterized by a typical
Th1-type inflammatory response (18, 19).

In this study we investigated IL-12Rb2 expression in CD tissue.
The hypothesis tested was that increased IL-12Rb2 expression can
contribute to the polarization of the Th1-type cytokine profile in
CD by promoting IL-12 signaling through the STAT4 pathway.
We show here that IL-12Rb2 is enhanced at the site of disease in
CD, and that IL-12Rb2 expression correlates with the activation of
STAT4 proteins and IFN-g accumulation. In addition, we provide
evidence that up-regulation of IL-12Rb2 occurs in IL-12-associ-
ated Th1 gastrointestinal diseases, suggesting that IL-12 enhances
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the expression of its own receptor in human gastrointestinal mu-
cosa. In aggregate, our data support the concept that IL-12/IL-12R-
mediated signals contribute to the local immune inflammatory re-
sponse in CD.

Materials and Methods
Patients and samples

Mucosal samples were taken from freshly obtained intestinal resection
specimens of four patients with CD. The primary site of involvement was
ileal in one and ileocolonic in three patients. The disease was active in all
patients, as defined by a CD activity index.200 (20). At the time of
surgery two patients were taking corticosteroids (CS) and two were taking
mesalazine plus antibiotics. In all patients indication for surgery was a
chronic active course poorly responsive to medical treatment. From pa-
tients with ileocolonic involvement, mucosal samples were taken from in-
volved (gross lesions) and spared, ileal and colonic areas.

Additional mucosal samples were taken during endoscopy from 13 CD
patients. In these patients the primary site of involvement was ileal in five,
ileocolonic in three, and colonic in five. At the time of endoscopy, 11
patients had active disease. Five patients were taking CS, five were taking
mesalazine, one was taking mesalazine plus antibiotics, and the remaining
two were not receiving treatment.

Controls included colonic mucosal samples taken from involved areas
of nine ulcerative colitis (UC) patients undergoing endoscopy, 13 patients
with irritable bowel syndrome (IBS) undergoing endoscopy for recurrent
abdominal pain, and one patient with diverticular disease. Both IBS and
diverticular disease patients were categorized as the non-IBD control
group. In addition, biopsy specimens were taken from three patients with
infectious (salmonella) colitis. All UC patients had active disease at the
time of the study, as defined by clinical criteria (21) supplemented by
endoscopic and histopathologic data (22, 23). Disease activity was mod-
erate in two and mild in seven patients. Disease extent was substantial in
four and distal in five patients. Two patients were taking CS, five were
taking mesalazine, and the remaining two were not receiving treatment.

Autologous PBMC were obtained from three CD and three UC patients,
and three non-IBD controls. Biopsy specimens from the distal duodenum
of four patients with untreated celiac disease and four normal controls were
obtained during upper gastrointestinal endoscopy. Diagnosis of celiac dis-
ease was made according to the original or revised European Society for
Pediatric Gastroenterology and Nutrition criteria for celiac disease (24, 25).
The histopathologic diagnosis was based on typical mucosal lesions with
crypt cell hyperplasia, villous atrophy, and increased number of intraepi-
thelial lymphocytes. All celiac disease patients were positive for anti-
endomysial and anti-gliadin Abs. Control patients were under investigation
for gastrointestinal symptoms, but had normal histology and were anti-
endomysial and anti-gliadin Ab negative. Additional samples were taken
from the gastric antrum of three patients with documented diagnosis of
Helicobacter pylori (HP)-associated gastritis and three normal controls
(HP-negative subjects). Biopsy specimens were snap-frozen in liquid ni-
trogen and stored at280°C until used.

The study was approved by the department ethical committee.

Lamina propria mononuclear cell (LPMC) isolation and culture

LPMC were isolated by the DTT-EDTA-collagenase sequence as previ-
ously described (2, 5, 23). The isolated cells were counted and checked for
viability using 0.1% trypan blue (viability ranged from 90–94%). PBMC
were isolated by density gradient centrifugation (Lymphoprep, Nycomed
Pharma, Oslo, Norway) from 10-ml heparinized blood samples.

To analyze which cells express IL-12Rb2, CD31 lamina propria lym-
phocytes (LPL) were isolated from biopsy specimens of three patients with
CD and three normal controls. CD31 LPL were purified incubating LPMC
with immunomagnetic beads armed with mAb for CD3 according to the
instructions of the manufacturer (Dynal, Oslo, Norway). Purified cells were
.93% as determined by FACS analysis.

To investigate whether IL-12 enhances IL-12Rb2 expression, normal
LPMC were resuspended in complete medium (RPMI 1640 supplemented
with 10% FCS, 1%L-glutamine, 100 U/ml penicillin, and 100mg/ml strep-
tomycin; all from Sigma, St. Louis, MO) at a concentration of 23 106

cells/ml and cultured in 24-well plates in the presence of PHA (1mg/ml;
Sigma) for 12 h. After that, nonadherent LPMC were collected, washed
twice with 13PBS, and cultured in the absence or the presence of graded
doses of recombinant human IL-12 (Sigma; final concentration ranging
from 0.1–10 ng/ml) for 6 h. To parallel LPMC cultures were added 10
ng/ml IL-12 and either a neutralizing IL-12 or IFN-g Ab (both used at a
final concentration of 1mg/ml; both purchased from Sigma). To verify the

efficiency of the anti-IFN-g Ab, nonadherent LPMC cultures were also
stimulated with 10 ng/ml IFN-g in the presence or the absence of anti-
IFN-g (1 mg/ml). In additional experiments LPMC were isolated from the
inflamed colon of four patients with CD and cultured (23 106 cells/ml) in
the presence of a neutralizing IL-12 Ab or a nonrelevant control Ab (rabbit
IgG; 1 mg/ml; both purchased from Sigma) for 24 h. At the end of the
culture, LPMC were collected and used for RNA extraction.

Tissue homogenate preparation

Biopsy or surgical mucosal samples taken from all patients enrolled in this
study were used for both RNA and protein analysis on freshly obtained
whole tissue. Mucosal samples were separately placed in sterile tubes con-
taining 1–2 ml of cold guanidine thiocyanate buffer (for RNA extraction)
or 0.5 ml of lysis buffer (for protein extraction). The latter contained 0.0625
mol/L Tris (pH 6.8), 2% SDS, 3% 2-ME, 10% glycerol, 100 mmol/L so-
dium fluoride, 10mg/ml aprotinin, 10mg/ml leupeptin, and 1 mmol/L
PMSF (all from Sigma). Tissue samples were homogenized using a tissue
homogenizer (Ystral, Dottingen, Germany).

RNA and cDNA preparation and semiquantitative RT-PCR

Total RNA extracted from freshly obtained mucosal samples and (both
unstimulated and stimulated) LPMC, CD31 LPL, and CD31-depleted
LPMC were used to prepare cDNA as previously described (2, 5). In pre-
liminary experiments we established the optimal number of cycles for ob-
taining a PCR product within the linear portion of the curve. For this
purpose an equivalent amount of cDNA per sample (2ml/reaction) was
amplified using specific primers forb-actin (for 16, 18, 22, 24, and 26
cycles) or for each IL-12R subunit, IFN-g, IL-4, or IL-5 (for 18, 20, 23, 26,
and 28 cycles). PCR were performed in a total volume of 50ml as previ-
ously described (2, 26). For Southern blotting experiments cDNA samples
were incubated for 18 cycles withb-actin primers or for 23 cycles with
primers for each IL-12R subunit, IL-12/p40, IFN-g, IL-4, and IL-5 and
were detected using specific cDNA probes (26). The cDNA probes were
DNA fragments encoding the full-length PCR product. RT-PCR products
were used as probes only after each product was cloned and its sequence
verified. PCR primers (Genosys, Cambridge, U.K.) were as follows: IL-
12Rb1, 59-CTTCCAGAAGGCTGTCAAG-39and 39-CTGTGATTCAAT-
GCAATACG-59; IL-12Rb2, 59-GGATGCTCATTGGCATTTAT-39and
39-CAGGCCAGTTTGCAGACAA-59; IL-12/p40, 59-CATTCGCTCCT
GCTGCTTCAC-39 and 39-TACTCCTTGTTGTCCCCTCTG-59; IFN-g,
59-AATGCAGGTCATTCAGATG-39and 39-TTGGACATTCAAGTCAG
TT-59; IL-4, 59-GCTAGCATGTGCCGGCAACTT-39and 39-CAACG
TACTCTGGTTGGCTTC-59; IL-5, 59-GAGGATTCCTGTTCCTGT-39
and 39-GCGCAACAAACCAGTTTAG-59; andb-actin, 59-CGAGGCCC
AGAGCAAGAGA-39 and 39-CGTGACATTAAGGAGAAGCTGTG-59.
The level of RNA transcripts was measured by laser densitometry and
expressed as arbitrary units.

Determination of phosphorylated STAT4 level

Total proteins were extracted from freshly obtained mucosal samples by
using the above-mentioned lysis buffer. After cell lysis the supernatant was
collected, run at 40003 g for 40 min (4°C), and stored at280°C until
assay. Total proteins (500mg/sample) were incubated with anti-STAT4
(C-20; Santa Cruz Biotechnology, Santa Cruz, CA) at 4°C for 2 h. Immune
complexes were collected by incubation with protein A/G agarose (Santa
Cruz Biotechnology), washed three times with lysis buffer, and heated for
5 min in a boiling water bath in sample buffer for SDS-PAGE. Immuno-
precipitates from extracts containing the same amount of protein were an-
alyzed by Western blotting with Ab against phosphotyrosine (p-Tyr; Santa
Cruz Biotechnology) and subsequent incubation with HRP-conjugated goat
anti-mouse IgG mAb (Santa Cruz Biotechnology). The Ab reaction was
detected with a chemiluminescence detection kit (Amersham International,
Arlington Heights, IL). After p-Tyr analysis, blots were stripped by incu-
bation for 30 min at 50°C in stripping medium (2% SDS, 0.05 M Tris, and
0.1 M 2-ME) and then incubated with Ab against STAT4 (H-119; Santa
Cruz Biotechnology).

Results
IL-12Rb2 expression is enhanced at the site of disease in CD

Transcripts for IL-12Rb2 were detected in tissue homogenates
from both affected and unaffected intestinal mucosal areas of CD
patients. Similarly, transcripts for IL-12Rb2 were found in muco-
sal samples taken from patients with UC and non-IBD controls. In
addition, IL-12Rb2 was expressed in freshly isolated LPMC from
CD and UC patients as well as in those from non-IBD controls.

7235The Journal of Immunology
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When the IL-12Rb2 content was examined by a semiquantitative
RT-PCR, an increased accumulation was seen in whole mucosal
samples from CD compared with UC and non-IBD controls (Fig.
1). In CD, IL-12Rb2 expression was more abundant in mucosal
samples taken from affected areas compared with that in spared
mucosa (Fig. 1). No difference in terms of IL-12Rb2 RNA tran-
scripts was observed between spared mucosa of CD patients and
UC or normal controls. IL-12Rb2 RNA level in active UC did not
differ from that in non-IBD controls (Fig. 1). To establish which
cells express IL-12Rb2, total RNA was extracted from both CD31

LPL and CD31-depleted LPMC and analyzed by Southern blot-
ting after PCR amplification. As shown in Fig. 2, both CD31 LPL
and CD31-depleted LPMC contained transcripts for IL-12Rb2.
However, an enhanced accumulation of IL-12Rb2 RNA tran-
scripts was observed only in CD31 LPL from CD compared with
controls (Fig. 2).

Transcripts for IL-12Rb1 were expressed at comparable levels
in mucosal samples from CD and UC patients and non-IBD con-
trols (Fig. 1). Both IL-12Rb1 and IL-12Rb2 were barely detect-
able in PBMC (data not shown).

In CD, IL-12Rb2 expression strictly correlates with tyrosine
phosphorylation of STAT4 and IFN-g expression

STAT4 is an essential component of the IL-12-dependent pathway
for IFN-g production (7, 8). There is good evidence that the phos-
phorylation and activation of STAT4 in response to IL-12 are de-
pendent on the presence of IL-12Rb2 (14, 16, 27, 28). To examine
whether up-regulation of IL-12Rb2 was associated with a pro-
nounced expression of active STAT4, protein extracts from whole
mucosal samples were immunoprecipitated with anti-STAT4 Ab
and immunoblotted with anti-phosphotyrosine Ab. The level of
STAT4 phosphorylation in affected mucosal areas of CD was
greater than that in UC and non-IBD controls, although all these
groups expressed comparable amounts of the STAT4 proteins (Fig.
3). In paired mucosal biopsy specimens available from three CD
patients, three UC patients, and three non-IBD controls, the profile
of regulatory cytokines was analyzed by Southern blotting. As
shown in Fig. 4, a strong accumulation of transcripts for IFN-g
was detected in CD mucosal samples. Transcripts for IL-4 were

expressed at very low levels in both CD and UC as well as non-
IBD control mucosa (Fig. 4). IL-5 RNA transcripts were detected
only in UC (Fig. 4).

IL-12Rb2 is enhanced in IL-12-associated Th1 gastrointestinal
diseases

To investigate whether up-regulation of IL-12Rb2 is a feature of
Crohn’s disease or occurs in other Th1-mediated gastrointestinal
diseases, the content of IL-12Rb2 RNA was measured in mucosal
samples taken from the distal duodenum of patients with celiac
disease and the gastric antrum of patients with HP-associated gas-
tritis. In addition, IL-12Rb2 RNA transcripts were analyzed in
mucosal samples of patients with infectious colitis. For all these
groups of patients appropriate controls were included. As shown in
Fig. 5, the amount of transcripts for IL-12Rb2 in the gastric mu-
cosa of HP-infected patients was greater than that detected in the
mucosa of HP-negative subjects. Similarly, the level of IL-12Rb2
RNA was greater in patients with infectious colitis than in normal
controls (Fig. 5). In contrast, the IL-12Rb2 RNA level in celiac
disease duodenum did not differ from that in normal duodenal
mucosa (Fig. 5).

FIGURE 1. The expression of IL-12Rb2, but not IL-
12Rb1, is increased in the affected mucosal areas from
CD compared with that in ulcerative colitis and non-IBD
controls.Upper panel, RNA transcripts for IL-12Rb2, IL-
12Rb1, andb-actin in mucosal tissue homogenates from
three CD (lanes 1–6) and two UC (lanes 7–10) patients
and two non-IBD controls (lanes 11and12). In patients
with CD and those with UC, mucosal samples were taken
from involved and uninvolved tissue. Southern blot anal-
ysis of RT-PCR products was performed as indicated in
Materials and Methods. One representative experiment of
four independent experiments is shown.Lower panel,
Mean6 SEM of the ratio between IL-12Rb2 andb-actin
or between IL-12Rb1 and b-actin in mucosal samples
taken from involved areas of eight CD patients, eight UC
patients, and eight normal controls. The level of RNA
transcripts was measured by laser densitometry, and the
relative values are expressed in arbitrary units.

FIGURE 2. RNA transcripts for IL-12Rb2 andb-actin in CD31 LPL
(lanes 2,4, 6, and8) and CD31-depleted LPMC (lanes 1,3, 5, and7) from
two patients with CD (lanes 1–4) and two non-IBD controls (lanes 5–8).
cDNA (1.5 and 3ml for b-actin and IL-12Rb2, respectively) was incubated
with specific primers forb-actin and IL-12Rb2 for 18 and 23 cycles.
Southern blot analysis of RT-PCR products was performed as indicated in
Materials and Methods. In CD mucosa, IL-12Rb2 is expressed at a high
level in CD31 LPL. One of two representative experiments is shown.
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Transcripts for IL-12/p40 were detected in mucosal samples of
patients with CD, HP-associated gastritis, and infectious colitis,
but not in celiac disease (Fig. 6). In addition, transcripts for IL-
12/p40 were barely detectable in patients with UC (Fig. 6) and
non-IBD controls, confirming previous observations (2–4). To-
gether, these data indicate that up-regulation of the IL-12Rb2
chain occurs only in IL-12-associated Th1 gastrointestinal
diseases.

IL-12 enhances IL-12Rb2 expression in normal LPMC

Recent reports have demonstrated that IL-12 can regulate the ex-
pression of IL-12Rb2 on T cells (15, 29). These data together with
the documented observation that IL-12Rb2 is enhanced in IL-12-
associated Th1 gastrointestinal diseases prompted us to investigate
whether IL-12 can enhance IL-12Rb2 expression in human gas-
trointestinal mucosa. To address this issue, nonadherent LPMC
isolated from normal controls were cultured with exogenous IL-12,

and the amount of IL-12Rb2 RNA transcripts was examined by
Southern blotting after PCR amplification. As shown in Fig. 7
(upper panel), IL-12 enhanced LPMC IL-12Rb2, and this effect
was inhibited by the addition of a neutralizing anti-IL-12 Ab. As
IL-12 is a potent inducer of IFN-g, and IFN-g has the ability to
enhance IL-12Rb2, we next examined whether the effect of IL-12
on IL-12Rb2 was dependent by the induction of IFN-g. For this
purpose, in parallel experiments nonadherent LPMC were cultured
with exogenous IL-12 in the presence of a neutralizing anti-IFN-g
Ab, and the amount of IL-12Rb2 RNA transcripts was examined
by Southern blotting after PCR amplification. Interestingly, the
anti-IFN-g reduced, but did not completely abrogate, the induction
of IL-12Rb2 RNA by IL-12 (Fig. 7, upper panel). Finally, we
showed that addition of anti-IL-12 Ab to the CD LPMC cultures
resulted in a marked inhibition of IL-12Rb2 (Fig. 7,lower panel).

Discussion
This study shows that IL-12Rb2 expression is enhanced in the
intestinal mucosa of patients with CD. IL-12Rb2 RNA transcripts
were mainly detected in areas with gross lesions, with no differ-
ence between ileal and colonic samples.

One important finding of the present study is that CD LPMC,
but not autologous PBMC, express high levels of IL-12Rb2. CD is
a chronic inflammatory disorder of the gastrointestinal tract char-
acterized by an infiltration of the inflamed regions with CD41 T
cells and macrophages (1). These cells are functionally activated
and produce high levels of IFN-g and TNF-a, indicative of a Th1

FIGURE 4. Transcripts for IFN-g, IL-4, IL-5, and b-actin in mucosal
tissue homogenates from CD and UC patients and non-IBD controls.
Southern blot analysis of RT-PCR products was performed as indicated in
Materials and Methods. A strong accumulation of transcripts for IFN-g is
documented in CD. IL-4 is expressed at a low level in all samples tested,
whereas IL-5 is detectable only in UC. One representative experiment of
three independent experiments is shown.

FIGURE 6. Transcripts for IL-12/p40 andb-actin in mucosal tissue ho-
mogenates from patients with CD (lanes 1and2), infectious colitis (lanes
3 and 4), HP infection (lanes 5and 6), UC (lanes 7and 8), and celiac
disease (lanes 9and10). Southern blot analysis of RT-PCR products was
performed as indicated inMaterials and Methods. Transcripts for IL-12/
p40 are expressed at a high level in the mucosa of patients with CD,
infectious colitis, and HP infection. The example is representative of two
separate experiments.

FIGURE 3. Expression of both active (phosphorylated) and inactive
STAT4 proteins in mucosal samples from two CD (lanes 1–4) and two UC
(lanes 5–8) patients and two non-IBD controls (lanes 9and10). In both
patients with CD and UC, mucosal samples were taken from involved and
uninvolved tissue. Total proteins were immunoprecipitated (IP) with
STAT4 Ab, run on 10% SDS-PAGE under reducing conditions, and im-
munoblotted with anti-phosphotyrosine Ab (p-Tyr). After detection of p-
Tyr-STAT4 proteins, the membrane was stripped and reblotted with an-
other STAT4 Ab to ascertain equivalent loading of the lanes. A marked
phosphorylation of STAT4 is seen in affected mucosal samples from CD
compared with UC or non-IBD controls. The example is representative of
three separate experiments.

FIGURE 5. Southern blot analysis of RT-PCR products for IL-12Rb2
and b-actin in mucosal tissue homogenates from an HP-infected patient
(lane 1), an HP-negative control (lane 2), an infectious colitis patient (lane
3), a non-IBD control (lane 4), a celiac disease patient (lane 5), and a
normal subject (lane 6). Southern blot analysis of RT-PCR products was
performed as indicated inMaterials and Methods. The amount of tran-
scripts for IL-12Rb2 in patients with HP infection or infectious colitis is
greater than that in their respective controls. In contrast, the level of IL-
12Rb2 in the duodenal mucosa of patients with celiac disease is not dif-
ferent from that in normal duodenum. The example is representative of
three separate experiments.
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cytokine profile (30–33). Consistently, we and others have re-
cently found elevated levels of IL-12, the major Th1 inducing fac-
tor, in CD mucosa and have shown that boosting lamina propria
Th1 cell responses with IL-12 produces severe mucosal degrada-
tion (2–4, 12). These observations together with the demonstration
that activation of the IL-12/STAT4 pathway in murine models re-
sults in CD-like colitis support the pathogenic role of IL-12 in CD
(6, 9–11). Data from the present study confirm and expand these
observations showing that in CD mucosa, up-regulation of the IL-
12Rb2 chain is tightly correlated with the accumulation of both
active STAT4 and IFN-g. Because IL-12Rb2 directly interacts
with STAT4, it is conceivable that the increased expression of
IL-12Rb2 contributes to stabilize the polarized Th1 phenotype in
CD by maintaining mucosal T cells in a state of functional respon-
siveness to IL-12 and thereby promoting IL-12 signaling through
the STAT4 pathway (13–17).

In this study the expression of IL-12Rb2 was analyzed at the
mRNA level only, because no commercially Ab capable of spe-
cifically and selectively recognizing the distinct subunit of IL-12R
is as yet available. The possibility that the content of transcripts for
IL-12Rb2 is not associated with a pronounced induction of the
IL-12Rb2 protein should therefore be considered. However, it is
worth noting that in other systems IL-12-dependent signaling cor-
relates with the selective expression of the transcripts encoding the
IL-12Rb2 chain (14, 15).

Although the mechanism by which IL-12Rb2 expression is reg-
ulated in the human gastrointestinal mucosa remains to be clari-
fied, some observations made in the present study suggest that
bacteria and bacterial products/components may contribute to
modulate IL-12Rb2. Indeed, IL-12Rb2 was increased in HP-as-
sociated gastritis andSalmonellacolitis, two infectious entities,
and in CD, a disease characterized by an abnormal mucosal im-
mune response to microbial agents derived from the intestinal lu-
minal flora (34). In contrast, no increase in IL-12Rb2 was seen in
UC. These data fit into the concept that the immune response in
CD differs from that in UC (1) and suggest that UC may be the
atypical response to infectious etiologies, whereas the response in
CD is the same as that in infections.

Studies in several experimental models of bacterial infections
and in human diseases support the role of the IL-12/IL-12R path-
way in the anti-microbial immune defense (35). Evidence indicates
that IL-12 is required both for early control of infection, through
the stimulation of NK cell IFN-g production, and for generation
and perhaps maintenance of acquired memory response, directed
by Th1 cells (35–37). Importantly, in diseases due to intracellular
pathogens, such asMycobaterium tuberculosisand Salmonella,
reduced expression of IL-12R has been associated with severe
manifestations of the diseases due to an impaired ability to mount
a protective IL-12-dependent Th1 response (36). It can thus be
assumed that duringSalmonellacolitis, up-regulation of IL-12Rb2
is an essential requirement to maintain cell responsiveness to IL-12
and to establish a protective immunity against the pathogen (38).

The fact that IL-12Rb2 is increased in CD, HP-associated gas-
tritis, and Salmonellacolitis is consistent with previous studies
showing that IL-12Rb2 is highly expressed in Th1 cell lines and
established Th1-mediated diseases (14, 15, 18, 19). However, we
were able to detect no increase in IL-12Rb2 in duodenal samples
from patients with celiac disease, a gluten-sensitive Th1-mediated
enteropathy (39, 40). Our data also indicate that in the gastroin-
testinal mucosa up-regulation of IL-12Rb2 occurs only in IL-12-
associated diseases and suggest that IL-12 may directly influence
the level of IL-12Rb2 on T cells. First, we detected transcripts for
IL-12 in CD, HP-associated gastritis, andSalmonellacolitis, but
not in celiac disease, confirming the recent observation that IL-12
is undetectable in celiac disease mucosa (39). Second, we showed
that a neutralizing IL-12 Ab dramatically down-regulated IL-
12Rb2 expression in CD LPMC. Finally, we demonstrated that the
addition of IL-12 to normal LPMC cultures resulted in an increase
in IL-12Rb2. The effect of IL-12 on LPMC IL-12Rb2 expression
was reduced, but was not completely abrogated, by a neutralizing
IFN-g Ab. This supports results from studies of other systems
showing that IL-12 can enhance IL-12Rb2 through a mechanism
that is only in part dependent on IFN-g (14, 15, 17, 29).

Transcripts for IL-12Rb1 were detected in all intestinal mucosal
samples analyzed. This result apparently contrasts with our previ-
ous negative finding of IL-12Rb1 RNA in purified normal lamina
propria T lymphocytes (5). Differences in the samples and the
amount of RNA analyzed as well as in the methods used might
well account for such discrepancy. In contrast to IL-12Rb2, the
content of IL-12Rb1 in CD mucosa did not differ from that in UC
or non-IBD controls, clearly indicating that the expression of the
IL-12R subunit is differently regulated in the human intestine dur-
ing chronic inflammation.

In conclusion, our data show that the signal pathway used by
IL-12 to promote Th1 cell development is enhanced at the mucosal
level in CD, further supporting the idea that IL-12/IL-12R signals
contribute to the local inflammatory response in CD. Studies are

FIGURE 7. IL-12 enhances IL-12Rb2 in the human intestinal mucosa.
Upper panel, Effect of rIL-12 on LPMC IL-12Rb2 expression. LPMC,
isolated from normal colonic mucosa, were cultured as described inMa-
terials and Methodsin the presence of medium alone (lane 1) or with IL-12
(10 ng/ml; lane 2), IL-12 plus anti-IL-12 Ab (1mg/ml; lane 3), or IL-12
plus anti-IFN-g Ab (1 mg/ml; lane 4). At the end of culture, total RNA was
extracted from the LPMC and tested for IL-12Rb2 expression by Southern
blotting. The addition of IL-12 to the LPMC cultures results in an increase
in IL-12RB2. This effect is inhibited by the addition of a neutralizing anti-
IL-12 Ab. Induction of IL-12Rb2 by IL-12 is reduced, but is not com-
pletely abrogated, by coincubation with a neutralizing anti-IFN-g Ab. One
of two representative experiments is shown.Lower panel, Effect of a neu-
tralizing anti-IL-12 Ab on the expression of IL-12Rb2 in CD LPMC.
LPMC, isolated from the inflamed colon of two patients with CD, were
cultured in the presence of medium alone (lanes 1and4) or a neutralizing
IL-12 Ab (1 mg/ml; lanes 2and5) or a nonrelevant control Ab (1mg/ml;
lanes 3and6) for 24 h. At the end of culture, total RNA was extracted from
the LPMC and tested for IL-12Rb2 expression by Southern blotting. Ad-
dition of a neutralizing anti-IL-12, but not a control Ab (rabbit IgG), in-
hibits CD LPMC IL-12Rb2. One of two representative experiments is
shown.
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now in progress to explore whether molecules inhibiting the bind-
ing of IL-12Rb2 with STAT4 can dampen IL-12-driven Th1 re-
sponses in the intestinal mucosal microenvironment.

References
1. Fiocchi, C. 1998. Inflammatory bowel disease: etiology and pathogenesis.Gas-

troenterology 115:182.
2. Monteleone, G., L. Biancone, R. Marasco, G. Morrone, O. Marasco, F. Luzza,

and F. Pallone. 1997. Interleukin 12 is expressed and actively released by Crohn’s
disease intestinal lamina propria mononuclear cells.Gastroenterology 112:1169.

3. Parronchi, P., P. Romagnani, F. Annunziato, F. Sampognaro, A. Becchio,
L. Giannarini, E. Maggi, C. Pupilli, F. Tonelli, and S. Romagnani. 1997. Type 1
T-helper cell predominance and interleukin-12 expression in the gut of patients
with Crohn’s disease.Am. J. Pathol. 150:823.

4. Berrebi, D., M. Besnard, G. Fromont-Hankard, R. Paris, J. F. Mougenot,
P. De Lagausie, D. Emilie, J. P. Cezard, J. Navarro, and M. Peuchmaur. 1998.
Interleukin-12 expression is focally enhanced in the gastric mucosa of pediatric
patients with Crohn’s disease.Am. J. Pathol. 152:667.

5. Monteleone, G., T. Parrello, F. Luzza, and F. Pallone. 1998. Response of human
intestinal lamina propria T lymphocytes to interleukin 12: additive effects of
interleukin 15 and 7.Gut 43:620.

6. Neurath, M. F., I. Fuss, B. L. Kelsall, E. Stuber, and W. Strober. 1995. Antibodies
to interleukin 12 abrogate established experimental colitis in mice.J. Exp. Med.
182:1281.

7. Ihle, J. N. 1996. STATs: signal transducers and activators of transcription.Cell
84:331.

8. Bacon, C. M., E. F. R. Petricoin, J. R. Ortaldo, R. C. Rees, A. C. Larner,
J. A. Johnston, and J. J. O’Shea. 1995. Interleukin 12 induces tyrosine phosphor-
ylation and activation of STAT4 in human lymphocytes.Proc. Natl. Acad. Sci.
USA 92:7307.

9. Simpson, S. J., S. Shah, M. Comiskey, Y. P. de Jong, B. Wang, E. Mizoguchi,
A. K. Bhan, and C. T. Terhorst. 1998. T cell-mediated pathology in two models
of experimental colitis depends predominantly on the interleukin 12/signal trans-
ducer and activator of transcription (Stat)-4 pathway, but is not conditional on
interferon gamma expression by T cells.J. Exp. Med. 187:1225.

10. Wirtz, S., S. Finotto, S. Kanzler, A. W. Lohse, M. Blessing, H. A. Lehr,
P. R. Galle, and M. F. Neurath. 1999. Chronic intestinal inflammation in STAT-4
transgenic mice: characterization of disease and adoptive transfer by TNF-plus
IFN-g-producing CD41 T cells that respond to bacterial antigens.J. Immunol.
162:1884.

11. Pallone, F., and G. Monteleone. 1998. Interleukin 12 and Th1 responses in in-
flammatory bowel disease.Gut 43:735.

12. Monteleone, G., T. T. MacDonald, N. C. Wathen, F. Pallone, and S. L. F. Pender.
1999. Enhancing lamina propria Th1 cell responses with IL-12 produces severe
tissue injury.Gastroenterology 117:1069.

13. Presky, D. H., H. Yang, L. J. Minetti, A. O. Chua, N. Nabavi, C.-Y. Wu,
M. K. Gately, and U. Gubler. 1996. A functional interleukin 12 receptor complex
is composed of twob-type cytokine receptor subunits.Proc. Natl. Acad. Sci. USA
93:14002.

14. Szabo, S. J., A. S. Dighe, U. Gubler, and K. M. Murphy. 1997. Regulation of the
interleukin (IL)-12Rb2 subunit expression in developing T helper 1 (Th1) and
Th2 cells.J. Exp. Med. 185:817.

15. Rogge, L., L. Barberis-Maino, M. Biffi, N. Passini, D. H. Presky, U. Gubler, and
F. Sinigaglia. 1997. Selective expression of an interleukin-12 receptor component
by human T helper 1 cells.J. Exp. Med. 185:825.

16. Yao, B. B., P. Niu, C. S. Surowy, and C. R. Faltynek. 1999. Direct interaction of
STAT4 with the IL-12 receptor.Arch. Biochem. Biophys. 368:147.

17. Chang, J. T., E. M. Shevach, B. M. Segal. 1999. Regulation of interleukin (IL)-12
receptorb2 subunit expression by endogenous IL-12: a critical step in the dif-
ferentiation of pathogenic autoreactive T cells.J. Exp. Med. 189:969.

18. Zhang, M., J. Gong, D. H. Presky, W. Xue, and P. F. Barnes. 1999. Expression
of the IL-12 receptorb1 andb2 subunits in human tuberculosis.J. Immunol.
162:2441.

19. Rogge, L., A. Papi, D. H. Presky, M. Biffi, L. J. Minetti, D. Miotto, C. Agostini,
G. Semenzato, L. M. Fabbri, and F. Sinigaglia. 1999. Antibodies to the IL-12
receptorb2 chain mark human Th1 but not Th2 cells in vitro and in vivo.J. Im-
munol. 162:3926.

20. Best, W. R., J. M. Becktel, J. W. Singleton, and F. Kern. 1976. Development of
a Crohn’s disease activity index.Gastroenterology 70:439.

21. Truelove, S. C., and L. J. Witts. 1955. Cortisone in ulcerative colitis: final report
of a therapeutic trial.Br. Med. J. 2:1041.

22. Gomes, P., C. Du Boulay, C. L. Smith, and G. Holdstock. 1986. Relationship
between disease activity indices and colonoscopic findings in patients with co-
lonic inflammatory bowel disease.Gut 27:92.

23. Biancone, L., A. Mandal, H. Yang, T. Dasgupta, A. O. Paoluzi, A. Marcheggiano,
P. Paoluzi, F. Pallone, and K. M. Das. 1995. Production of immunoglobulin G
and G1 antibodies to cytoskeletal protein by lamina propria cells in ulcerative
colitis. Gastroenterology 109:3.

24. Meuwisse, G. W. 1970. Diagnostic criteria in coeliac disease.Acta Paediatr.
Scand. 59:461.

25. Walker-Smith, J. A., S. Guandalini, J. Schmitz, D. H. Schmerling, and
J. K. Visakorpi. 1990. Revised criteria for diagnosis of coeliac disease.Arch. Dis.
Child. 65:909.

26. Monteleone, G., F. Trapasso, T. Parrello, L. Biancone, A. Stella, R. Iuliano,
F. Luzza, A. Fusco, and F. Pallone. 1999. Bioactive interleukin-18 expression is
up-regulated in Crohn’s disease.J. Immunol. 163:143.

27. Showe, L. C., F. E. Fox, D. Williams, K. Au, Z. Niu, and A. H. Rook. 1999.
Depressed IL-12-mediated signal transduction in T cells from patients with Sez-
ary syndrome is associated with the absence of IL-12 receptorb2 mRNA and
highly reduced levels of STAT4.J. Immunol. 163:4073.

28. Hilkens, C. M. U., G. Messer, K. Tesselaar, A. G. I. van Rietschoten,
M. L. Kapsenberg, and E. A. Wierenga. 1996. Lack of IL-12 signaling in human
allergen-specific Th2 cells.J. Immunol. 157:4316.

29. Thibodeaux, D. K., S. E. Hunter, K. E. Waldburger, J. L. Bliss, W. L. Trepicchio,
J. P. Sypek, K. Dunussi-Joannopoulos, S. J. Goldman, and J. P. Leonard. 1999.
Autocrine regulation of IL-12 receptor expression is independent of secondary
IFN-g secretion and not restricted to T and NK cells.J. Immunol. 163:5257.

30. Fais, S., M. R. Capobianchi, F. Pallone, P. Di Marco, M. Boirivant, F. Dianzani,
and A. Torsoli. 1991. Spontaneous release of interferong by intestinal lamina
propria lymphocytes in Crohn’s disease: kinetics of in vitro response to interferon
g inducers.Gut 32:403.

31. Fuss, I. J., M. Neurath, M. Boirivant, J. S. Klein, C. de la Motte, S. A. Strong,
C. Fiocchi, and W. Strober. 1996. Disparate CD41 lamina propria (LP) lympho-
kine secretion profiles in inflammatory bowel disease: Crohn’s disease LP cells
manifest increased secretion of IFN-g, whereas ulcerative colitis LP cells man-
ifest increased secretion of IL-5.J. Immunol. 157:1261.

32. Breese, E., C. P. Braegger, C. J. Corrigan, J. A. Walker-Smith, and
T. T. MacDonald. 1993. Interleukin-2 and interferon-g secreting T cells in normal
and diseased human intestinal mucosa.Immunology 78:127.

33. MacDonald, T. T., M. Bajaj-Elliott, and S. L. F. Pender. 1999. T cells orchestrate
intestinal mucosal shape and integrity.Immunol. Today 20:505.

34. Duchmannn, R., I. Kaiser, E. Hermann, W. Mayet, K. Ewe, and K.-H.Mz. Bus-
chenfelde. 1995. Tolerance exists towards resident intestinal flora but is broken
in active inflammatory bowel disease (IBD).Clin. Exp. Immunol. 102:448.

35. Trinchieri, G. 1994. Interleukin-12: a cytokine produced by antigen-presenting
cells with immunoregulatory functions in the generation of T-helper cells type 1
and cytotoxic lymphocytes.Blood 84:4006.

36. De Jong, R., F. Altare, I.-A. Haagen, D. G. Elferink, T. de Boer,
P. J. C. van Breda Vriseman, P. J. Kabel, J. M. T. Draaisma, J. T. van Dissel,
F. P. Kroon, et al. 1998. Severe mycobacterial andSalmonellainfections in in-
terleukin-12 receptor-deficient patients.Science 280:1435.

37. Stobie, L., S. Gurunathan, C. Prussin, D. L. Sacks, N. Glaichenhaus, C.-Y. Wu,
and R. A. Seder. 2000. The role of antigen and IL-12 in sustaining Th1 memory
cells in vivo: IL-12 is required to maintain memory/effector Th1 cells sufficient
to mediate protection to an infectious parasite challenge.Proc. Natl. Acad. Sci.
USA 97:8427.

38. Pie, S., P. Truffa-Bachi, M. Pla, and C. Nauciel. 1997. Th1 response in Salmo-
nella typhimurium-infected mice with a high or low rate of bacterial clearance.
Infect. Immun. 65:4509.

39. Nilsen, E. M., F. L. Jahnsen, K. E. A. Lundin, F.-E. Johansen, O. Fausa,
L. M. Sollid, J. Jahnsen, H. Scott, and P. Brandtzaeg. 1998. Gluten induces an
intestinal cytokine response strongly dominated by interferong in patients with
celiac disease.Gastroenterology 115:551.

40. Breese, E. J., M. J. G. Farthing, P. Kumar, and T. T. MacDonald. 1994. Inter-
leukin-2 and interferon-g producing cells in the lamina propria in coeliac disease.
Digest. Dis. Sci. 39:2243.

7239The Journal of Immunology

 by guest on A
ugust 9, 2022

http://w
w

w
.jim

m
unol.org/

D
ow

nloaded from
 

http://www.jimmunol.org/

