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78 genes). In particular, we observed no increase in the ex-
pression levels of Th17-associated cytokines (e. g., IL-17 and 
IL-22) in IL-21R–de�cient cells (Table S2).

To validate these �ndings on the protein level, we mea-
sured the secretion of e�ector cytokines in supernatants using 
a protein array. IL-21R–de�cient T cells from P2 had a defect 
in respect to secretion of multiple cytokines, including the 
Th17-associated cytokines IL-17F and IL-22 (Fig. 3 F). These 
results are consistent with �ndings in murine IL-21–de�cient 
T cells (Nurieva et al., 2007) and may explain, in part, increased 
susceptibility to cryptosporidial infections.

IL-21R de�ciency in an unrelated family B
P3 (B.II-1, a 13-yr-old boy) and P4 (B.II-2, an 8-yr-old 
boy) were born to consanguineous parents from Colombia 
(Fig. 4 A) and were included in this study based on the close 
resemblance of the clinical and immunological phenotype 
to kindred A.

P3 had recurrent otitis media and multiple episodes of 
pneumonia (e.g., Pseudomonas aeruginosa and Pneumocystis 
jirovecii) throughout childhood, leading to bronchiectasis 

immunoglobulin class-switch events (Fig. 3 B). In addition, 
upon stimulation with IL-21, the patient’s B cells showed im-
paired mRNA up-regulation of AICDA and PRDM1, two 
genes associated with isotype class-switch and B cell di�er-
entiation (Fig. 3 C). In comparison to healthy individuals, 
IL-21R–de�cient NK cells from P2 showed impaired NK 
cell lysis of 51Cr-labeled K562 target cells, but antibody-
dependent cellular cytotoxicity was una�ected (Fig. 3 D). T cell 
proliferation upon stimulation with anti-CD3 and mitogens 
(PHA, ConA, and PWM) in P1 and P2 was comparable to 
healthy donors (unpublished data). However, T cell prolifera-
tion in response to antigens such as diphtheria toxoid (DTT), 
tetanus toxoid (TT), and Candida albicans was impaired in case 
of P2 (Fig. 3 E). Speci�c antibody responses to immunization 
antigens (DTT, TT, and Haemophilus influenzae type B) were 
reduced (unpublished data).

Because chronic cryptosporidiosis is seen in association 
with T cell de�ciency, we performed transcriptome analysis 
on anti-CD3/anti-CD28–stimulated peripheral blood lym-
phocytes from P2. We identi�ed changes in the expression 
level of cytokines after 6, 12, and 18 h of stimulation (in total 

Figure 4. Clinical and immunological phenotype and identi�cation of IL-21R de�ciency in family B. (A) Pedigree of family B. (B) Chest com-
puted tomography (CT) showing extensive bronchiectasis. P. aeruginosa was cultured from bronchoalveolar lavage after this CT. (C) Magnetic resonance 
imaging/magnetic resonance cholangiopancreatography of the liver showing extensive intra and extrahepatic biliary duct dilatation. (D) Modi�ed acid 
fast staining of bronchoalveolar lavage showing abundant neutrophils and Cryptosporidium. (E) FACS analysis of STAT phosphorylation (p-STAT1 Y701,  
p-STAT3 Y705, and p-STAT5 Y694) in PBMCs isolated from healthy donors (HD), mother (B.I-1), and P3 upon stimulation with rh IL-21. Black line, HD,  
rh IL-21; dark gray line, B.I-1, rh IL-21; light gray shaded; P3, unstimulated; red line; P3, rh IL-21. (F) DNA Sanger sequencing revealed a homozygous 
deletion in the IL21R gene (c.240_245delCTGCCA, p.C81_H82del) in P3 and P4. In contrast, the parents showed a heterozygous genotype. (G) FACS analysis  
of B cell proliferation and class-switch in P3 and P4 upon stimulation with rh IL-21.
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