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tial diarrhoea (3L/day) until the addition of immunosuppression (corticosteroid, cyclosporine, in-

fliximab). Clinical improvement was accompanied by amelioration of inflammatory changes on re-

peat endoscopic examination. However, weaning of immunosuppressive treatment led to relapse 

of his gut disease, indicating chronic immune-mediated inflammation.  
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CD4+ and CD8+ T lymphoblasts, as was IL-2-induced phosphorylation of the mTOR target S6 

(fig.2A and supplementary fig.2). Glycolysis stress test showed impaired IL-2-stimulated glycolysis 

and glycolytic reserve in patient cells, similar to the behaviour of CD4+ and CD8+ T cells treated 

with Idelalisib (fig.2C-D). These findings show that germline p110δ deficiency impairs lymphocyte 

metabolism, which we hypothesised might contribute to immunodysregulation through altered T 

cell polarization and behaviour.   

 

To investigate the cellular immunophenotype within the patient’s inflamed gut, we performed im-

munohistochemistry on colonic biopsies taken prior to HSCT. Relative to healthy age-matched 

control tissue, there was a modest expansion of CD8+ T cells in the lamin.3 (a)g (a)oth n stress +
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suspicion for an underlying monogenic cause is required in this setting. 

In summary, we report a child with homozygous germline loss-of-function mutation in PIK3CD, who 

developed refractory immune thrombocytopenia, inflammatory bowel disease and susceptibility to 

infection, cured by HSCT. The immune defect was characterized by defective PI3Kδ signaling, al-
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Figure Legends 

 

Figure 1: PIK3CD mutation in a patient with immunodeficiency and immune dysregulation.  

(A) Pedigree.  

(B) Haematoxylin & eosin staining showing colitis and crypt abscess formation. 

(C) Immunostaining for CD3 (gold) and CD20 (purple); P1, patient; HD, healthy donor.  

(D) CCR7 and CD45RA staining and quantification of memory CD8+ cells among CD25-CD8+ 

cells. 

(E) Expression of perforin and transcription factor TBET in naïve and memory CD8+ T cells. 

(F) Sanger sequencing confirming frameshift deletion plus 2bp insertion.  

(G) p110δ schematic showing p.Q170Vfs*41 and previously reported mutations. 

 
 
 

Figure 2: Functional impact of PIK3CD mutation.  

(A) Immunoblotting of p110δ, AKT, pAKTT308, pERKT202/Y204, pS6S235/236 and beta-actin in control 

(HD) and patient (P1) CD4+ and CD8+ T lymphoblasts with and without CD3 stimulation.  

(B) PIP3 quantification before/after TCR stimulation.   

(C)







 

 

SUPPLEMENTARY INFORMATION 

 

Methods 

Patient 

Patient and controls were recruited with written informed consent of the individuals and/or their par-

ents to participate in research, approved by the National Research Ethics Service. Patients were 

recruited via the Great North Biobank (10/H0906/22) and healthy donors were recruited via the Ox-

ford Gastrointestinal Illness biobank (16/YH/0247). 

 

Whole exome sequencing  

Whole exome capture from patient whole blood DNA was achieved using the Agilent SureSelect V5 

kit and libraries subsequently prepared for paired-end sequencing. Libraries were sequenced on an 

Illumina NextSeq instrument by a commercial sequencing provider (Oxford Gene Technology, UK). 





 

 

OKT3 (Biolegend)



 

 

For the analysis of transcription factor and perforin expression, PBMCs were stained for surface 

markers as indicated above followed by fixation and permeabilisation using the Transcription Factor 

Staining Buffer Set (eBioscience) according to the manufacturer’s instructions. For the exclusion of 

dead cells during the analysis, cells were stained prior to fixation using Fixable Viability Dye eFluor® 

780. The following fluorophore-conjugated antibodies were used: anti-TBET (Biolegend; clone 

4B10), anti-FOXP3 (eBioscience; clone: PCH101), anti-Perforin (Biolegend; clone B-D48). 

Samples were acquired on a BD Fortessa or BD LSRII and data were analysed using FlowJo soft-

ware (Tree Star). Gating was performed using isotype or unstimulated controls. 

 

Metabolic analysis 



 

 

 

Statistics 

Differences were analysed using Mann Whitney U test or ANOVA using GraphPad Prism v7 

(GraphPad Software).  
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Supplementary Figures: 

 
Supplementary Fig 1 

Normal frequency of FOXP3 expression in patient CD4+ T cells. 

Intracellular staining for FOXP3 in patient (P1) and control (HD) peripheral blood CD4+ T cells. HD 

(adult): n=24, HD (7-10 years): n=5, P1 (9 years): n=1 (two independent replicates). 

 

 
 
 

  



 

 

Supplementary Fig 2 

Defective IL-2 signaling to AKT in p110δ-deficient CD4+ and CD8+ T cell lines.  

(A) Immunoblot showing timecourse of phosphorylation response to IL-2 in CD4+ T lymphoblasts 

from patient (P1) and control (HD). (B) Timecourse analysis and histogram examples (pAKT: 15 

minutes stimulation; pS6: 30 minutes stimulation) of AKT phosphorylation and (C) S6 phosphoryla-

tion response to IL-2 in CD4+ and CD8+ T lymphoblasts from patient (P1) and control (HD) by flow 

cytometry. Non-stimulated (ctrl) cells were used as control and results presented as relative mean 

fluorescence intensity (rMFI). Results from two independent experiments and each two technical 

replicates are shown (HD: n= 2; P1: n=1). *p<0.05, **p<0.01. False discovery rate-corrected two-

way ANOVA. 

 

 
 

 

 

 

 







 

 

Supplementary Table 1:  
Immune parameters in patient 1 with PIK3CD p.Q170Vfs*41 variant. 

 
Parameter Patient values**  Normal range 

(units)§  



 

 

Supplementary Table 2. Rare WES findings in IUIS-designated PID genes*. 
 

Gene Variant Gen-
otype 

ExAc Impact predic-
tions 

Gene name Associated diseases 
(OMIM) 

PIK3CD frameshift hom. 0 

 m
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stop 
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variant p.Q170Vfs*41 p.Q721* p.V552Sfs*26 

p110d expres-
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