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Severe Mycobacterial and Salmonella Infections 
in lnterleu kin-1 2 Receptor-Deficient Patients 
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Interleukin-12 (IL-12) is a cytokine that promotes cell-mediated immunity to intracellular 
pathogens by inducing type 1 helper T cell (T,I) responses and interferon-? (IFN-y) 
production. IL-12 binds to high-affinity p l lp2  heterodimeric IL-12 receptor (IL-l2R) com- 
plexes on T cell and natural killer cells. Three unrelated individuals with severe, idiopathic 
mycobacterial and Salmonella infections were found to lack IL-12Rp1 chain expression. 
Their cells were deficient in IL-12R signaling and IFN-y production, and their remaining T 
cell responses were independent of endogenous IL-12. IL-12RpI sequence analysis 
revealed genetic mutations that resulted in premature stop codons in the extracellular 
domain. The lack of IL-12Rp1 expression results in a human immunodeficiency and shows 
the essential role of IL-12 in resistance to infections due to intracellular bacteria. 

IL-12 is a heterodimeric cytokine that con- phages), particularly upon infection with in- 
sists of two disulfide-linked subunits, p49 and tracellular luicrobes (1 , 2). IL-12 promotes 
p35, and is produced by activated antigen the development of T,.,l responses and is a 
presenting cells (dendritic cells, macro- powerful inducer of IFN-y production by T 
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cells and natural killer (NK) cells (1 . 2). The 
receptor for IL-12 is composed of taro dis- 
tinct subunits, p l  and P2, that assemble to 
form a high-affinity IL-12R complex ex- 
pressed on T cells and NK cells (3-6). IL-12 
and IFN-y appear to be both essential for the 
development of protective cell-mediated irn- 
munity to tuberculous mycobacterial patho- 
gens in mice (7) and in humans (8). 

Idiopathic disseminating mycobacterial 
infections due to n o n t u b e r c ~ ~ l o ~ ~ s  soecies 
(14ycobncte~ium fol.tuitum, Mycobacterium 
avit~m. hfvcobactenltm chelonei, llvcobacteri- 
um smepntis) or 14ycobacte~i~~m bovis bacil- 
lus Calmette-GuCrin IBCG) have been de- 
scr~hed in patients without previously recog- 
nized inlmunodeficiel~cies (9-1 3). Peripher- 
al blood mononuclear cells (PBX4Cs) of 
some patients were deficient in IFN-y pro- 
duction upon mitogenic polyclonal stimula- 
tion (10, 14). In several cases genetic anal- 
yses identified inact~vat~ng mutations in the 
IFN-yR1 gene, resulting in complete (10. 
12-14) or partial (15) deficiencies in IFN- 
yR exmession or function. In another famil\- 
with similar disseminating 14. acizim infec- 
tions, IL-12 ~roduct ion was re~orted to be 
deficient in affected members, but the ~111- 
derlving nlechanism was not elucidated ( 1  6 ) .  , u 

We have examined type-l cytokine and 
T,,1 responses in three unrelated individu- 
als x i th  recurrent, severe nlycobacterial and 
Snl,,nonelln infections. Patient 1 is a 26-year- 
old feinale who de~~elooed a severe Saimo- 
nelln pa~atyphi sepsis at the age of 3 years, 
n.hich was corn~licated hv ahdominal ah- 
scesses, and at the age of 22  vears presented 
with a A?. acium sepsis n7ith' extensive me- 
diastinal lymphadenopathy. Patient 2, a 19- 
vear-old female, oresented with recurrent 
systemic A?. acitinm intmcellulare infections 
at ages 4, 13, and 17 years and with severe 
systemic Sai~nonella type B infections at ages 
4, 7, and 14 years. Patient 3 is a 3-year-old 
female mrho del~eloped progressive M. bocis 
BCG infection after vaccination at the age 

u 

of 1 year, fol1on;ed by severe and nearly fatal 
S. typhimuri~inl sepsis at the age of 2 years. 
Upon histological examination, the BCG 
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lesion of patient 3 contained well-organized 
granulomatous infiltrates ( 1  7).  None of the 
three patients had any recognized immuno- 
deficiencies or alterations in expression of 
T, B, NK, or macrophage cell surface mark- 
ers (18). All three patients could he treated 
effectively with antibiotic therapy (18). 

T o  investigate the nature of these immu- 
nodeficiencies, we stimulated PBMCs de- 
rived fro111 patients and healthy controls (11 
= 4) with mitogenic conlbinatiolls of T 
cell-specific inonoclonal antibodies (mAbs) 
to CD2 and CD28 (19, 20), IL-2, or the 
lectin phytohemagglutinin (PHA).  Al- 
though PBMCs from patients as well as con- 
trols proliferated to all these stimuli (Figs. 
1'4 and 2B), patients' PBX4Cs were deficient 
in I W - y  production [Figs. 1B and 2,  C and 
E (21); 85 to 99% reduction compared with 
controls]. Similar deficiencies in IFN-y pro- 
duction were observed in response to the 
pathogens M. acil~m, M. tube~cttlosis , and 5.  
pa~atyphi (21 ) .  These results a-ere consistent- 
ly reproducible in multiple experiments. 

T o  exclude the possibility that defective 
IFN-y production in the patients aras associ- 

3000007 
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E [3 contr 
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ated ~v i th  a lack of IFN-yR expression (10. 
13), n.e determined cell surface expression of 
IFN-yR (CD119) a113 responsi~~eness to 
exogenous recoinhinant IFN-y (rIFN-y). 
CD119 expression on freshly isolated CD14- 
inonncytes froin patients was similar to that 
of controls (21 ), and incubation of patient 
and control cells with rIFN-y enhal~ced 
tumor necrosis factor-a (TNF-a)  produc- 
tion triggered hy lipopolysaccharide (LPS) 
(22). rIFN-y also synergized with M. ncium 
in inducing the production of IL-12 p40 
and IL-12 p i 9  (Fig. 1C).  LPS alone also 
induced IL-12 p79 release in patients. Thus, 
all three patients were deficient in IFN-y 
production, yet they displayed normal IL-12 
p70 production, IFN-yR expression, and 
IFN-yR f~lnction.' 

Therefore, we examined IL-12R expres- 
sion and function. We measured IL-1 2RP 1 
expressiol~ on PHA-activated T cells from 
patients and controls by  sing the IL-12RP1- 
specific rnAb 2.4E6 (23). Cells from patients 
did not express detectable IL-12RP1 cell 
surface molec~~les, whereas expression of the 
T cell activation marker CD25 \\:as similar 

- 
200000J E pat 2 
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Fig. 1. PBMCs from patients and controls. 
(A) Proliferative responses. CD28 mAb alone 
d d  not ~liduce any pro~ferat~oli or F N - y  pro- 
ductloti. Results represent lnedlan counts 
per m~nute (cpm) - SEM of trlpl~cate cul- 
tures. Contr. healthy control: pat, patient: 
see (33). (Bi FN-y  producton. The second y 
axis (rlght) refers to results plotted In the 
rlahtmost uane oliv. A results shown were 

--- fla! 3-- 

------ 
med~um 112 CD2 CD2+ PWI CD2+ 

olbtaned II? the same. representative exper- 
1 ~ 2  C D Z E  iment (341. iC) FN-y respo~is~ve~iess as 

measured by IL-12 p70 production In whole 
blood cultures S~milar results were obtaned in IL-l2p40 ELlSAs (35). 

Table 1. Patients w~th genetic lack of IL-12R expression. Mutatons are ~tidicated accord~ng to 137). X 
1s a stop codoli; Q s glutamitie. Mutations shown are homozygous 111 the patients only; all parents were 
heterozygous (30). Each of the three mutat~otis leads to a premature stop codoli in the extracellular 
doman-encoding region resultitig In lack of membrane expresson. See text for discuss~oli. 

Patient Origin Consaliguin~ty l~ifect~o~i Mutation 

1 Dutch No M. avium Q32X 
S, paratyph~ ihomozygousi 

2 Dutch No M, avium Q376X 
Salmonella sp (homozygous) 

3 Turk~sh Yes IJA, bovis BCG de1409-549 
S. typhimunum ihomozygous) 
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on cells from patients and controls (Fig. 2A). 
The  coinbination of CD2 mAb with ex- 

ogenous recombinant IL-12 (rIL-12) syner- 
gized in inducing proliferation and IFN-y 
production by PBMCs from healthy indi- 
viduals (Fig. 2, B, C, and E). In contrast, 
rIL-12 failed to synergize with CD2 mAb in 
inducing proliferation or IFN-y production 
in patients' PBMCs (Fig. 2, B, C, and E). 
rIL-2, however, synergized with CD2 mAb 
in inducing proliferation of patients' 
PBMCs (Fig. I ) ,  showing that patients' 
PBMCs generally are not defective in their 
capacity to respond to cytokines. IL-12 also 
could not induce tyrosine phosphorylation 
of the IL-12R-associated signal transducer 
and activator of transcription STAT-4 in 
patients' cells (24). 

Only small amounts of IFN-y were pro- 
duced by patients' cells when triggered by 
the mitogenic coinbination of CD2' and 
CD28 mAbs. However, this could not be 
inhibited by neutralizing IL-12 mAb; thus, 

the low release of IFN-y in these patients is 
independent of endogenous IL-12 (Fig. 2, D 
and E) (21 ) .  In contrast, IFN-y release in 
control cultures was reduced by >70% in the 
presence of saturating concentrations of 
mnAbs to IL-12 (Fig. 2, D and E) (21). Al- 
though IL-12 is a major promoter of IFN-y 
production (1,  2), some IFN-y can be pro- 
duced in the absence of IL-12 or IL-12RP1 
in IL-12 p40-1- (25) and IL-12RP1-I- mice 
(26). Although it is unclear how such a 
pathway is regulated (27, 28), the results 
reported here likely reveal a similar pathway 
in humans. This IL-12R-independent path- 
way of (low) IFN-y production probably ac- 
counts for the lack of enhanced IL-4 produc- 
tion in our patients (29). 

Collectively, these results show that 
these three patients do not express func- 
tional IL-12R coinplexes and that their re- 
maining T cell-dependent IFN-y produc- 
tion is independent of endogenous IL-12. 

cDNA and genoinic IL- 12RP 1 DNA se- 

A 
400 

contr 1 

- 
0 

; 400, .- ,- pat 3 

I \  

Relative fluorescenceF 

Fig. 2. (A) Lack of L-12Rp1 expression in patients 1 to 3. PBMCs stimulated with PHAfor 3 days 
or shott-term IL-2-propagated T cell lines were analyzed by flow cytofluorometry for cell surface 
expression. Cells were Incubated with mAb to IL-12Rp1 (2-4E6, line 2) (23), CD25 (line 3), or 
control mouse lgGl ( n e  1 )  and sta~ned with fluorescein   so tho cyan ate-conjugated goat ant- 
body to mouse (Fab),. Cells were analyzed w~th a FACSCAN analyzer (B & D). (B) Lack of 
L-12-nduced proferaton of PBMCs of patients 1 and 2. The second y axs (rght) refers to 
results plotted in the rightmost panel only Trplcate cultures of freshly isolated PBMCs were 
stmulated as described in (34) Human rlL-12 p70 (from S.  F Wolf, Genetics Institute) was added 
at concentrat~ons of 1 or 5 units/ml. Prol~ferat~ve responses and cytokine production were 
measured on day 4. One of three representat~ve exper~ments IS shown. (C) Lack of IL-12- 
induced IFN-y production of PBMCs from patients 1 and 2. See (B) and (33). (D) IL-12 indepen- 
dence of resdua IFN-y production in patents 1 and 2. Cultures were set up as descrbed above, 
In the presence or absence of anti-L-12 (a-L-12) mAbs (C8.6, 2 to 3 pg/ml; C8.1, 10 to 15 
pg/ml; G Trnchieri) (36). These were the optimal concentrations (32, 36). Addton of the L-12 
blnding, but nonneutralizing, mAb 11.79 did not inhibit these responses (21) (E) Lack of IFN-y 
production of PBMCs from patient 3. Proferatve responses In the control and in patent 3 were 
comparable in the same experiment: 63,120 and 67,764 cpm to CD2 and CD28; 120 and 85 
cpm to CD2 alone, 265 and 271 cpm to rlL-2; 32,770 and 12,454 cpm to CD2 and rL-2, 
respectively. 

queilce analysis identified distinct genetic 
mutations. Patient 1 was hornozygous for a 
nonsense mutation at nucleotide position 94 
( C  -+ T )  at the cDNA and the genolnic 
level. Both parents were heterozygous, which 
indicates an autosomal recessive segregation 
oattern. This mutation introduces a orema- 
ture stop codon in the extracellular domain 
(Table 1). Patient 2 appeared homozygous 
for a nonsense mutation at nucleotide posi- 
tion 1126 ( C  -+ T )  both at the cDNA and 
the genomic DNA level. This mutation also 
results in a premature stop codon in the 
extracellular domain. Again, both parents 
were heterozygous (30). In patient 3, a dele- 
tion was found in the cDNA that extended 
from nucleotide position 4C9 to position 
549. This deletion led to a fralneshift that 
introduced a premature stop codon at nucle- 
otide positions 570 to 572 (TGA) in the 
extracellular domain of the IL-12RP1 gene. 
Both parents were heterozygous for this de- 
letion, ~vhereas the patient's healthy sibling 
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(30). This deletion most probably results 411 (1996). 
from a splice mutation that leads to the 17. H~stolog~cal analyss of lymph node matera from pa- 
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