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Abstract Activated phosphoinositide 3-kinase d syndrome 1 (APDS1) is a primary immunode-
ficiency disease caused by gain-of-function mutations in PIK3CD. Clinical features of autoim-
mune disease have been reported in patients with APDS1. In this study, we reported three
patients with APDS1 presenting with systemic lupus erythematosus (SLE) phenotype. The clin-
ical manifestations included recurrent respiratory tract infection, lymphoproliferation,
Coombs-positive hemolytic anemia, decreased complement fractions, positive antinuclear an-
tibodies, renal complications related to SLE associated diseases, which met the clinical spec-
trum of APDS1 and the classification criteria of SLE. The immunological phenotype included an
inversion in the CD4:CD8 ratio, an increase in both non-circulating Tfh CD4þ memory T and
circulating Tfh populations, a low level of recent thymic emigrant T cells, overexpression of
CD57 on T cells, and a decrease in B cells with fewer antibody class switch recombination.
These phenotypes detected in patients with APDS1 presenting with SLE were resemble that
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in patients with APDS1 presenting without SLE. Meanwhile, we described the effect of gluco-
corticoids and rapamycin therapy on patients with APDS1. The phosphorylation of S6 at Ser235/
236 was inhibited in patients with APDS1 who underwent glucocorticoids therapy, including
two who presented with SLE phenotype. The phosphorylation of AKT at Ser473 and phosphor-
ylation of S6 at Ser235/236 were inhibited in other patients with APDS1 who underwent rapa-
mycin therapy. Here, we showed the coexistence of immunodeficiency and SLE phenotype in
APDS1, and the inhibition of rapamycin in activated Akt-mTOR signaling pathway.
Copyright ª 2020, Chongqing Medical University. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
Introduction

Activated phosphoinositide 3-kinase d syndrome 1 (APDS1)
is a newly defined primary immunodeficiency disease (PID)
caused by gain-of-function (GOF) mutation in PIK3CD,
which encodes the p110d catalytic subunit of phosphoino-
sitide 3-kinase d (PI3Kd).1 The p110d is expressed pre-
dominantly in leukocytes and plays an important role in
lymphocyte proliferation, survival, and activation.2 PIK3CD
GOF mutation increases PI3Kd activity, which leads to the
increased phosphorylation of AKT and mammalian target of
rapamycin (mTOR).1 Patients with APDS1 present a spec-
trum of clinical manifestations, but the majority of pa-
tients present with recurrent respiratory tract infections,
persistent benign lymphadenopathy, chronic EpsteineBarr
virus (EBV) and cytomegalovirus (CMV) infections, auto-
immune and inflammatory diseases, and increased sus-
ceptibility to lymphoma.3e5 APDS2 resembles APDS1, which
is caused by GOF mutations in PIK3R1 gene encoding the
p85a regulatory subunit of PI3Kd, leading to hyper-
activated PI3Kd signaling in lymphocytes.6 Approximately
28% of patients with APDS (APDS1 and APDS2) present with
autoimmune and inflammatory diseases, including hema-
tological, gastrointestinal, rheumatologic, endocrine, and
dermatologic disorders.4 To date, only one case of systemic
lupus erythematosus (SLE) disease has been described in
patients with APDS1.4,7

SLE is a multifactorial disease caused by different ge-
netic, immunologic, and environmental factors. It is a sys-
temic autoimmune disease characterized by production of
autoantibodies, and tissue inflammation and damage to
various organs caused by the deposition of immune com-
plexes.8 Certain PIDs have been consistently associated
with SLE or lupus-like disease. Lupus-like phenotypes can
be observed in complement deficiencies and chronic gran-
ulomatous disease, that is caused by aberrant apoptotic
cell clearance and leads to an inability to kill pathogens.9

Hyper-IgE syndrome and A20 haploinsufficiency are also
associated with lupus-like disease.10,11 However, the exact
pathogenesis of SLE development remains unknown in these
cases.

In this study, we reviewed three patients with GOF
PIK3CD characterized by SLE phenotype, and summarized
their clinical history, immunological features, and treat-
ment. We aimed to clarify the understanding of the
development of SLE phenotype in APDS1.
Materials and methods

Patients

From 2015 to 2018, three Chinese patients with APDS1
(p.E1021K) who presented with SLE phenotype, and other
four Chinese patients with APDS1 (p.E1021K) who presented
without SLE phenotype were enrolled in this study.
Informed consent was obtained from all individuals before
sample collection. This study was conducted in accordance
with the tenets of the Declaration of Helsinki and was
approved by the ethics committee of Chongqing Medical
University (Chongqing, China).

Genetic analyses

Genomic DNA was isolated from peripheral leukocytes and
oral mucosa cells using the QIAamp DNA Mini Kit (Qiagen,
Germany) according to the manufacturer’s instructions.
Polymerase chain reaction was performed to amplify
PIK3CD. The primer sequences used to target exon 24 of
PIK3CD were F: 50-ATGTGAGAAGGTGGGATGGG-30 and R: 50-
CGTTTCCGTTTATGGCTGTT-3’. The PCR products were
sequenced by Sangon Biotech (Shanghai, China).

Flow cytometry

The following antibodies were used for phenotyping the
lymphocytes: anti-CD45 (clone HI30), anti-CD3 (clone
UCHT1), anti-CD4 (clone RPA-T4), anti-CD8 (clone RPA-T8),
anti-CD45RA (clone HI100), anti-CD27 (clone M-T271), anti-
CD31 (clone WM59), anti-CXCR3 (clone G025H7), anti-CCR6
(clone G034E3), anti-CXCR5 (clone RF8B2), anti-CD25
(clone BC96), anti-CD127 (clone A019D5), anti-CD57 (clone
NK-1), anti-CD19 (clone HIB19), anti-CD24 (clone ML5),
anti-CD38 (clone HIT2), anti-IgD (clone IA6-2), anti-IgG
(clone G18-145), all antibodies were purchased from BD
Biosciences (San Jose, CA, USA); Anti-IgA (clone IS11-8E10)
was purchased from Miltenyi Biotec (Bergisch Gladbach,
Germany). The gating strategy for T and B cell sub-
populations was as follows: CD4þ naı̈ve T cells
(CD3þCD4þCD45RAþCD27þ), CD4þ central memory T cells
(CD4þ CM, CD3þCD4þ CD45RA�CD27þ), CD4þ effector
memory T cells (CD4þ EM, CD3þCD4þCD45RA�CD27-), CD4þ

Temra cells (CD3þCD4þCD45RAþCD27-), CD8þ naı̈ve T cells
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(CD3þCD8þCD45RAþCD27þ), CD8þ central memory T cells
(CD8þ CM, CD3þCD8þCD45RA�CD27þ), CD8þ effector
memory T cells (CD8þ EM, CD3þCD8þCD45RA�CD27-), CD8þ

Temra T cells (CD3þCD8þCD45RAþCD27-), transitional B
cells (CD19þCD24þþCD38þþ), naı̈ve B cells
(CD19þCD27�IgDþ), memory B cells (CD19þCD27þIgD�), and
plasmablasts (CD19þCD24�CD38þþ),12 Th1 cells
(CD3þCD4þCD45RA�CXCR5�CXCR3þCCR6-), Th17 cells
(CD3þCD4þCD45RA�CXCR5�CXCR3�CCR6þ), recent thymus
emigrant T cells (RTE, CD3þCD4þCD45RAþCD31þ), circu-
lating Tfh cells (cTfh, CD3þCD4þCD45RA�CXCR5þ), and
Treg cells (CD3þCD4þCD25þCD127low).

For Phosflow-cytometry studies in T cells, peripheral
blood mononuclear cells (PBMCs) were stained with anti-
CD3 and anti-CD28 antibodies (1 mg/mL, BioLegend, San
Diego, CA, USA), followed by crosslinking with goat-anti-
mouse IgG (10 mg/mL, BD Biosciences) for stimulation at
37 �C. Cells were mixed with Phosflow Lyse/Fix buffer,
followed by permeabilization with Phosflow Perm buffer III
(both from BD Biosciences) and stained with the following
antibodies: anti-phospho-S6 (#4851, Cell Signaling Tech-
nology, Danvers, MA, USA) and anti-CD3 (clone SK7,
BioLegend).

Western blot

T cells were isolated from PBMCs using an immunomagnetic
negative selection kit (StemCell Technologies, Vancouver,
British Columbia, Canada), stained with anti-CD3 and anti-
CD28 antibodies (1 mg/mL; BioLegend), and crosslinked
with goat anti-mouse IgG (10 mg/mL, BD Biosciences) for
stimulation at 37 �C. Cells were washed with cold
phosphate-buffered saline (PBS) immediately and lysed in
RIPA lysis buffer (Beyotime Biotechnology, Shanghai, China)
containing protease inhibitor cocktail (SigmaeAldrich, St.
Louis, MO, USA) and PhosSTOP (Roche, Basel, Switzerland).
Approximately 20 mg total protein was resolved in 8%
acrylamide/bis gels, transferred to polyvinylidene fluoride
membranes, and probed with the following antibodies:
anti-p110d (#34050), anti-AKT (#9272), anti-phospho-AKT
S473 (#4060), and anti-b-actin (#12620). Horseradish
peroxidase (HRP)-conjugated anti-rabbit IgG (#7074) was
used as the secondary antibody. All antibodies were pur-
chased from Cell Signaling Technology. Band intensities
were quantified using ImageJ software (NIH, Bethesda, MD,
USA).

Results

Clinical history of three patients with APDS1
presenting with SLE phenotype

Patient 1 (P1)
The patient is male. At the time of manuscript submission,
he was 15 years of age. He is the younger of identical twins.
At the age of 2 years, he began experiencing recurrent
upper respiratory tract infection. At the age of 3 years, he
was hospitalized with Coombs-positive hemolytic anemia,
accompanied by hepatosplenomegaly and enlarged
mesenteric lymph nodes. Hemoglobin was decreased to
75 g/L. Antinuclear antibodies (ANA) were negative. Both
anti-CMV and anti-EBV IgM/G were positive. Over the next
few years, he continued to have recurrent Coombs-positive
hemolytic anemia, respiratory tract infection, and lym-
phoproliferation, and was treated with low-dose glucocor-
ticoids. At the age of 9 years and 8 months, he was
admitted to our hospital for increased proteinuria (0.97 g/
day). Renal biopsy showed deposition of IgM, IgG, IgA, C3,
and C1q, and revealed stage III lupus nephritis. ANA were
positive at 1:320. Tests for anti-double strand (ds)-DNA and
anti-ribosomal P protein antibodies (ARPA) were positive.
Complement fractions C3 and C4 were decreased (to 0.2 g/
L [normal 0.704e1.700 g/L] and 0.06 g/L [normal
0.094e0.338 g/L], respectively). Coombs-positive hemo-
lytic anemia was evident, with a hemoglobin concentration
of 41 g/L. Decreased serum IgG and increased IgM were
present (6.12 g/L [normal 6.432e15.408 g/L] and 3.96 g/L
[normal 0.463e2.367 g/L], respectively). Flow cytometry
demonstrated a decrease in CD4þ T cells (24%, normal:
27e51%) with an increase in CD8þ T cells (54%, normal
15e44%), which resulted in an inversion in the CD4:CD8
ratio (0.45, normal 0.7e2.8). Chest computed tomography
(CT) showed pneumonia, segmental atelectasis, pulmonary
fibrosis, pleural effusion, and pericardial effusion. Cardiac
ultrasound showed both thickened ventricular septum and
posterior wall of the left ventricle, wider inner diameter of
the root of the aorta, and mild tricuspid regurgitation and
pulmonary regurgitation. He was treated with pulse cyclo-
phosphamide therapy three times with a poor response.

At 11 years and 5 months of age, the patient was read-
mitted for cardiac and renal insufficiency. Increases were
evident in the levels of serum urea nitrogen (10.84 mmol/L,
normal 2.2e7.14 mmol/L), creatinine (101 mmol/L, normal
14e60 mmol/L), and uric acid (528 mmol/L, normal
100e410 mmol/L). Increases were also evident in the levels
of lactate dehydrogenase (402.6 U/L, normal 110e330 U/L)
and alpha hydroxybutyrate dehydrogenase (351 U/L,
normal 120e270 U/L). Creatine kinase level was decreased
(31 U/L, normal 40e300 U/L). Serum IgG level was
decreased (4.29 g/L, normal 6.432e15.408 g/L) and serum
IgM level was increased (4.17 g/L, normal 0.463e2.367 g/
L).

At the age of 13 years, cerebral hemorrhage occurred
due to hypertension, which resulted in decreased muscular
tone on the left side of the body. During the course of
illness, he experienced recurrent oral ulcers and transient
arthralgia. He is now receiving low-dose glucocorticoids
regularly and often has respiratory infections. The
Coombs’s test and ANA are positive. Complement fractions
are decreased. Persistent proteinuria and hematuria are
presented. Next-generation sequencing of the genomic DNA
for more than 5300 diseases included in the OMIM database
revealed heterozygous mutations in PIK3CD (p.E1021K), but
did not identify other susceptibility variants associated
with SLE (The PDCD1, IRF5, CR1, CR2, DNASE1L3, STAT4,
TLR5 and ITGAM were included in the OMIM database for
the analysis of SLE risk).

Patient 2 (P2)
The patient is the older brother of patient 1. At the age of 8
years, he was admitted to our hospital with SLE, lupus
nephritis, Coombs-positive hemolytic anemia, and respira-
tory failure. Hemoglobin, lymphocyte count, and C3 were
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decreased to 75 g/L, 0.68 � 109/L, and 0.38 g/L, respec-
tively. Direct Coombs’s test was positive. ANA was positive
(þþþ). The tests for anti-ds-DNA and antieSSeA antibodies
were positive. Anti-herpes simplex virus (HSV) and anti-EBV
IgM/G were positive. Serum level of IgG was decreased
(4.12 g/L, normal 6.432e15.408 g/L) and serum level of IgM
was increased (3.84 g/L, normal 0.463e2.367 g/L). Flow
cytometry demonstrated a decrease in CD4þ T cells (10%,
normal 27e51%) with an increase in CD8þ T cells (79%,
normal 15e44%), which resulted in an inversion in the
CD4:CD8 ratio (0.13, normal 0.7e2.8). Proteinuria was
increased at 0.76 g/day. Serum urea nitrogen level was
increased (23.26 mmol/L, normal 2.2e7.14 mmol/L). Renal
biopsy showed deposition of IgM, IgG, IgA, and C3, and
revealed stage IV-V lupus nephritis. Blood pressure was high
at 180/140 mmHg. Blood oxygen saturation was low at
86e92% with mask oxygen inhalation. Chest CT showed
pneumonia, pleural lesions, pleural effusion, and pericar-
dial effusion. Cardiac ultrasound showed mild pulmonary
regurgitation, mitral regurgitation, and tricuspid regurgi-
tation. The patient had oral ulcers, bilateral knee
arthralgia, and hepatosplenomegaly during hospitalization.

He had suffered from recurrent respiratory tract in-
fections, Coombs-positive hemolytic anemia, and chronic
lymphadenopathy since the age of 2 years. He died in 2012
because of poor control of disease progression. Since pa-
tients 1 and 2 are identical twins, we speculate that they
have the same gene mutation. Their parents were non-
consanguineous and there is no family history of autoim-
mune diseases.

Patient 3 (P3)
The patient is male. At the time of manuscript submission,
he was 10 years of age. At the age of 3 years, he began
experiencing recurrent diarrhea, accompanied by upper
respiratory tract infection and hepatosplenomegaly. Anti-
EBV IgM and IgG were positive. ANA was negative. At the
age of 5 years, intestinal tract biopsy revealed chronic
active inflammation, follicular hyperplasia, and infiltration
of plasma cells in the colonic mucosa. Disorder of the in-
testinal flora was detected. He was treated with mesala-
zine. The clinical response was good. At the age of 6 years,
he was admitted to our hospital with pneumonia, otitis
Patient 1

Peripheral
leukocytes

Oral mucose
      cells

Figure 1 Patients with c.G3061A mutation in PIK3CD. Sequence
PIK3CD in peripheral leukocytes and oral mucosal cells from P1 an
media, and mumps. Both anti-CMV and anti-EBV IgM/G were
positive. IgM level was increased (3.86 g/L, normal
0.463e2.367 g/L). ANA were positive at 1:100. The test for
anti-ds-DNA was positive. Complement fractions C3 and C4
were decreased (0.63 g/L, normal 0.7e2.06 g/L and 0.1 g/
L, normal 0.11e0.61 g/L, respectively). Chest CT showed
bronchiectasia and fibrobronchoscopy showed chronic
tracheitis and bronchitis. He was diagnosed APDS1
(p.E1021K) by Sanger sequencing performed in our hospital.
Regular immunoglobulin replacement therapy commenced.

At the age of 9 years, he was readmitted to our hospital
for prolonged periods of fever, an enlarged parotid, and
submandibular glands. There was a red rash on his nose and
on the right lower eyelid. Coombs-positive hemolytic ane-
mia with a hemoglobin level of 115 g/L. ANA was positive at
1:320. The tests for anti-ds-DNA and ARPA were positive.
Complement fraction C3 was decreased (0.52 g/L, normal
0.7e2.06 g/L). Proteinuria was increased to 0.36 g/day.
Serum IgG and IgM levels were increased (22 g/L [normal
5.28e21.9 g/L] and 4.26 g/L [normal 0.48e2.26 g/L],
respectively). Flow cytometry demonstrated a decreased
prevalence of CD4þ T cells (23.64%, normal 27e53%) and
increased prevalence of CD8þ T cells (55.8%, normal
19e34%), which resulted in an inversion of the CD4:CD8
ratio (0.42, normal: 0.98e1.94). Chest CT showed pneu-
monia, pericardial effusion, and localized pleural thick-
ening. Abdomen ultrasonography showed abdominal
effusion. Cardiac ultrasound showed mild pulmonary
regurgitation and tricuspid regurgitation. Wrist and
phalangeal arthralgia and oral ulcers were present. He
underwent pulse glucocorticoids therapy for three times
with a good response. The dose of glucocorticoids was
gradually reduced until stopped. He is now receiving
rapamycin and immunoglobulin replacement therapy
regularly.

Sanger sequencing detected heterozygous c.G3061A in
PIK3CD in peripheral leukocytes and oral mucosal cells from
P1 and P3, suggesting the presence of a PIK3CD somatic
mutation. P2 died prior to sample collection. P1 and P2 were
identical twins, and we speculated that they harbor the
same PIK3CD mutation (Fig. 1). Together with the first clin-
ical manifestations (Table 1), three patients met diagnosis
criteria of APDS1. Meanwhile, the clinical and laboratory
   Patient 3 

chromatogram showing heterozygous mutation c.3061G > A in
d P3.



Table 1 Type of first clinical manifestations in three patients with APDS1 presenting with SLE phenotype.
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data also met diagnosis criteria of SLE of the American
College of Rheumatology revised in 1997 (Table 2).13

Immunological features of patients with APDS1
presenting with and without SLE phenotype

The lymphocyte subset analysis in patients with APDS1
presenting with SLE phenotype (P1 and P3) showed a
reversed ratio of CD4þ T cells to CD8þ T cells and a lower
Table 2 Diagnosis of SLE phenotype in patients 1, 2, and 3 acco
criteria for SLE.

Patient 1 Patie

Malar rash no No
Discoid rash no No
Photosensitivity no No
Oral ulcers yes yes
Non-erosive arthritis transient arthralgia bilate
Pleuritis or pericarditis pericardial effusion,

pleural effusion
peric
pleur

Renal disorder 24 h proteinuria 0.97 g,
stage III lupus nephritis

24 h
stage

Neurological disorder cerebral hemorrhage,
decreased muscular tone
on left side of the body

No

Hematological disorder HGB: 41 g/L, Ret: 0.144,
LY: 0.32*10

9

/L,
positive Coombs test

HGB:
LY: 0.
positi

Immunological disorder anti-dsDNA þ, ARPA þ,
C3: 0.2 g/L (0.704e1.700),
C4: 0.06 g/L (0.094e0.338)

anti-d
C3: 0

HGB: hemoglobin, Ret: reticulocyte, LY: lymphocytes, dsDNA: double-
C4: complement 4, ANA: antinuclear antibodies.
distribution of naı̈ve T cells. We observed B cell lympho-
cytopenia with lacked naı̈ve B cells and showed enrichment
for plasmablasts. The lymphocyte subset analysis in pa-
tients with APDS1 presenting without SLE phenotype
(P4eP7) showed CD4þ T lymphocytopenia, a lower distri-
bution of naı̈ve T cells, and increased transitional B popu-
lation (Table 3).

To further explore the differentiation of T cells, we
analyzed the phenotype of its subsets in patients with SLE
rding to the 1997 revised American College of Rheumatology

nt 2 Patient 3

yes
no
no
yes

ral knee arthralgia wrist and phalangeal arthralgia
ardial effusion,
al effusion

pericardial effusion,
localized pleural thickening

proteinuria 0.76 g,
IV-V lupus nephritis

24 h urinary protein 0.36 g

no

75 g/L, Ret: 0.062,
68*10

9

/L,
ve direct Coombs test

HGB: 115 g/L,
positive direct Coombs test

sDNA þþ, antieSSeA þ,
.38 g/L (0.704e1.700)

anti-dsDNA þ, ARPA þ,
C3: 0.52 g/L (0.7e2.06)

stranded DNA, ARPA: anti-ribosomal P protein, C3: complement 3,



Table 3 Analysis of lymphocyte subpopulations in the peripheral blood from patients with and without SLE phenotype.

P1 P2 P3 P4 P5 P6 P7

T cells/ml 568.9Y 612Y 1983.8 651.9Y 1454.8 989.5Y 1470.2
CD4þT/ml 160.3Y 68Y 567.4 378.4Y 476.8Y 414.0Y 568.9Y
Naı̈ve/ml 12.1Y n.a. 47.7Y 66.2Y 65.8Y 61.7Y 123.4Y
CM/ml 124.4Y n.a. 405.7 258.5 333.8 277.0 418.1
EM/ml 23.2Y n.a. 112.3[ 52.2 70.6 74.5 23.2
Temra/ml 0.7 n.a. 1.5 1.4 6.6 0.6 4.4

CD8þT/ml 382.6Y 537.2 1339.2[ 202.9Y 848.9 417.4Y 849.1
Naı̈ve/ml 102.1Y n.a. 151.3Y 96Y 149.4Y 45.1Y 247.9Y
CM/ml 62.7Y n.a. 336.1[ 63.5Y 392.2[ 71.4Y 435.6[
EM/ml 48.6 n.a. 330.8[ 19.9 149.4[ 131.1[ 82.3
Temra/ml 169.1 n.a. 521.0[ 23.3 157.9 169.9[ 83.6

CD4/CD8 ratio 0.45Y 0.13Y 0.42Y 1.86[ 0.56Y 0.99 0.67Y
B cells/ml 101Y 34Y 60.2Y 144.4Y 140.0Y 342.9 131.7Y
Transitional/ml 1.7Y n.a. 10.7 72.5[ 39.3[ 180.0[ 96.8[
Naı̈ve/ml 32.1Y n.a. 25.8Y 111.3 49.7Y 196.1 113.5Y
Memory/ml 51.7 n.a. 26.1Y 16.9Y 60.5 76.5 3.3Y
Plasmablasts/ml 33.6[ n.a. 26[ 5.2 73.6[ 81.6[ 3.0Y

n.a., not available.
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and without SLE phenotype. The frequencies of both non-
circulating Tfh cells (non-cTfh) CD4þ memory T cells and
cTfh cells were significantly increased in P1 and P3
compared with healthy controls and comparable with the
frequencies in P4eP7. We observed the skewed levels of
enriched Th1 cells and reduced Th17 cells within both non-
cTfh CD4þ memory T cells and cTfh cells were comparable
in patients with and without SLE phenotype (Fig. 2A).
CD4þCD25þCD127low population (Treg) from P3 and P4eP7
showed a reduction within CD4þ T cells, while it was com-
parable to that in health control from P1 (Fig. 2B). A
decrease in RTE proportion within CD4þ T cells (Fig. 2C) and
overexpression of CD57 on CD8þ T cells (Fig. 2D) were found
for both patients with and without SLE compared with
healthy controls.

To extend the analysis of defects in B cell differentia-
tion, we further analyzed the phenotype of antibody class
switch recombination in B cells. A significant fewer of IgG
expression on B cells and IgG/A expression on memory B
cells were found for both patients with and without SLE
phenotype compared with healthy controls (Fig. 2E).
Immunosuppressive treatment in patients with
APDS1

P1 was treated with low-dose glucocorticoids after three
courses of pulsed cyclophosphamide therapy since 9 years
of age. Phosphorylation of AKT at Ser473 (p-AKT) in T cell
blasts from P1 was higher than that in HC before and after
stimulation, while phosphorylation of S6 at Ser235/236 (p-
S6) was lower (Fig. 3A). After pulsed therapy with gluco-
corticoids and maintenance therapy with low-dose gluco-
corticoids, p-AKT was hyperactive in T cell blasts from P3,
while p-S6 was lower in T cell blasts from P3 than that in HC
before and after stimulation (Fig. 3B).
To further verify whether treatment with glucocorti-
coids influenced p-S6, we sought to test the hypothesis in
two other patients (P4 and P5) with APDS1 (p.E1021K) in our
cohort, who were treated with low-dose glucocorticoids for
cytopenia for 3e5 years. We found that p-AKT was hyper-
active in T cell blasts from P4 before and after stimulation,
while p-S6 was lower in T cell blasts from P4 than that in HC
before stimulation, and further phosphorylation did not
occur after stimulation (Fig. 3C). Hyperactive p-AKT and
reduced p-S6 were also detected in T cell blasts from P5
before and after stimulation (Fig. 3D).

Next, we sought to evaluate p-AKT and p-S6 in other two
patients (P6 and P7) with APDS1 (p.E1021K) who were
treated with rapamycin for hepatosplenomegaly in our
cohort. Both p-AKT and p-S6 in T cell blasts from P6 and P7
were decreased or comparable to that in HC before and
after stimulation (Fig. 4A and B).

After long-term treatment with low-dose glucocorti-
coids, positive ANA, decreased complement fractions,
Coombs-positive hemolytic anemia, persistent cytopenia,
recurrent proteinuria and respiratory tract infections were
still present in P1 and P2. Cytopenia and lymphoprolifera-
tion were responsive to glucocorticoids treatment in P4 and
P5. Rapamycin had a benefit in the treatment of lympho-
proliferation disease in P6 and P7. Now P3 is treated with
rapamycin since stopped taking glucocorticoids. The clin-
ical manifestations improved in P3 treated with rapamycin,
showing a normal level of HGB and lymphocyte, and
reduced frequency of pneumonia. His symptoms of peri-
cardial effusion, abdominal effusion and proteinuria are
gradually improved. However, positive ANA, positive
Coombs test and low level of C3 have no change. Based on
the immunological phenotype detected in P1eP7, no
improvement in T/B cell differentiation and antibody class
switch recombination was found upon treatment with these
two immunosuppressive agents.



Figure 2 Main relevant findings in immunophenotyping in subsets of T cells and B cells from patients with SLE phenotype (P1eP3)
and without SLE phenotype (P4eP7). (A) Proportions of non-cTfh memory cells and cTfh cells within the CD4þ T cell population;
Percentages of Th1 cells and Th17 cells within the non-cTfh memory CD4þ T cell population and cTfh population. (B) Percentages of
Treg cells within the CD4þ T cell population. (C) Percentages of RTE cells within the CD4þ T cell population. (D) CD57 expression on
CD8þ T cells. (E) IgG and IgA expression on B cells and memory B cells.
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Figure 3 Immunoblot analysis for p-AKT (S473) and phosflow analysis for p-S6 (S235/236) in T cell blasts. (AeD) The p-AKT and p-
S6 analysis in T cell blasts from P1, P3, P4 and P5 with glucocorticoids treatment. The expression of p-S6 in T cell blasts from HCs
(black line) and patients (red line) was assessed by mean fluorescence intensity before (light shade) and after (dark shade)
stimulation. The number represent the mean fluorescence intensity.
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Discussion

We observed heterogeneous clinical manifestations in three
patients with APDS1. These patients has not been reported
previously. Some deregulated pathways and immune defi-
ciency involved in PIDs have been implicated in the patho-
genesis of SLE development. Patients with SLE are
susceptible to infection because of immunological abnor-
malities and immunosuppressive treatment.14 The over-
lapping symptoms and the complexity of the clinical picture
can delay or prevent diagnosis of SLE phenotype in PIDs.
The most common manifestation in patients with APDS1 was
recurrent infection and lymphoproliferation, the occur-
rence of autoimmune or inflammatory disease was rare.
Whereas patients with APDS1 presenting with SLE pheno-
type had recurrent autoimmune or inflammatory disease
along with recurrent infection and lymphoproliferation
from the time of onset. The Coombs-positive hemolytic
anemia, positive ANA, low level of complement and pro-
teinuria were rarely developed in patients with APDS1.3,4

SLE is a complex disease with immunologic abnormality,
environmental factors, and genetic susceptibility contrib-
uting to its pathogenesis. Several studies have reported the
involvement of appropriate phosphoinositide 3-kinase
(PI3K) pathway maintenance in central and peripheral B
cell tolerance. Sustained activation of the PI3K pathway
mediated by conditional deletion of Pten in newly formed B
cells results in altered negative selection and the egress of
autoreactive B cells in the periphery and autoantibody
production.15,16 Increased PI3Kd activity has been reported
in patients with SLE, especially during the active phases of
SLE.17
Expansion of the cTfh cells has been described in SLE
patients and lupus mouse models, and increased levels of
cTfh cells have been positively correlated with the levels of
serum anti-dsDNA and ANA, as well as with increased dis-
ease activity.18e20 In parallel, skewing to Th1-like cTfh cells
differentiation is inefficient for B cells in the production of
high affinity class switched antibodies, long-lived plasma
cells, and memory B cells.21,22 Moreover, expansion and
disorganization of Tfh cells in the germinal center in PIK3CD
GOF mice might diminish competition for the survival sig-
nals provided to B cells and impair specific responses.23

These indicates that excessive differentiation of Tfh cells
has been associated with the generation of autoimmunity
and humoral immune deficiency in APDS1.

Basic treatment for patients with APDS1 include anti-
biotic and immunoglobulin replacement therapy.24 Patients
with autoimmune or inflammatory disease need immuno-
suppressive therapy. Treatment involving glucocorticoids
can be beneficial in cytopenia.25 We found that treatment
with low-dose glucocorticoids inhibited the phosphorylation
of S6, but the efficacy and side effects of glucocorticoids
treatment with decreased p-S6 need further investigation.
A partial good response to sirolimus (rapamycin) has been
described in lymphoproliferative disease in patients with
APDS1, but there is less benefit in using it to treat cytopenia
and gastrointestinal disease.26 Previous studies on the
rapamycin treatment in patients with APDS1 showed a in-
hibition in Akt-mTOR signaling pathway.5 In our study, we
observed decreased phosphorylation of Akt and S6 protein
in P6 and P7. Although rapamycin treatment frequently
abrogates mTORC1-mediated feedback inhibition of
PI3KeAKT signaling, leading to a paradoxical enhancement
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of AKT activity,27 prolonged rapamycin treatment leads to
inhibition of mTORC2 assembly.28 In many cell types, pro-
longed rapamycin treatment reduces the levels of mTORC2
below those needed to maintain Akt/PKB signaling. It sug-
gests that rapamycin can be used to inhibit Akt/PKB in
certain cell types.29,30 However, the long-term effects of
sirolimus therapy remain to be clarified. Specific PI3Kd in-
hibitor therapies reduce lymphoproliferation and improve
immunological markers, but side effects of pneumonitis,
transaminitis, and colitis have been reported. More clinical
trials are needed to determine the best dose and means of
delivery.25 Because of progressive airway infection and
bronchiectasis, hematopoietic stem cell transplantation
may be a long-term treatment option for young patients.1

Conclusion

Three patients with APDS1 presented with SLE phenotype
enriched clinical phenotypes of APDS1 disease. Early diag-
nosis of the underlying disease is important for optimal
treatment in PIDs presenting autoimmune diseases. Further
studies are needed to identify diagnostic biomarkers and to
explore the mechanism involved in the development of SLE
phenotype in APDS1.
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