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APLAID is a very rare autoinflammatory disease thought to be caused by mutations in 12 
PLCG2. A mouse model of APLAID recapitulates clinical features of the disease and 13 
identifies a critical function for G-CSF that can be targeted therapeutically. 14 
 15 
 16 
Inflammation is a complex and strictly regulated defence mechanism, triggered to protect an 17 
organism from harmful stimuli. However, an excessive innate immune response can lead to self-18 
directed inflammation and autoinflammatory disease, a distinct type of immune dysregulation 19 
first described nearly 25 years ago in which typical features of broadly defined autoimmune 20 
diseases are often lacking1. Since that time, advances in genetic sequencing have revealed that, 21 
in many cases, these diseases have a strong genetic background, with mutations in single genes 22 
linked to inflammation. The current list of monogenic autoinflammatory disorders includes more 23 
than 40 conditions, extending our understanding of the range of genes involved, pathway 24 
perturbations and clinical features2. The monogenic nature of many autoinflammatory diseases 25 
has also prompted the generation of mouse models that have provided important insights into 26 
autoinflammatory pathology3. In this issue of Nature Immunology, Mulazzani et al.4 describe a 27 
new mouse model of a monogenic autoinflammatory disease and demonstrate that such models 28 
can identify unexpected drivers of inflammation and lead to feasible targets for therapeutic 29 
intervention.  30 
 31 
The disease condition modelled by Mulazzani et al.4 was designated as APLAID (autoinflammation 32 
with phospholipase C γ2 (PLCγ2)- associated antibody deficiency and immune dysregulation) 33 
following the discovery of a missense gain-of-function PLCγ2 mutation (p.Ser707Tyr) in patients 34 
with dominantly inherited autoinflammation, also affected by immunodeficiency5. Physiological 35 
functions for this second-messenger-generating phospholipase, highly expressed in B cells and 36 
cells involved in innate immunity, have been well documented and linked to stimulation of 37 
various ITAM-associated receptors6. With respect to immune dysregulation, PLCγ2 was initially 38 
linked to autoimmunity and autoinflammation through an N-ethyl-N-nitrosourea (ENU) 39 
mutagenesis screen in mice7 and the first link to complex immune disorder in humans (PLCγ2-40 
associated antibody deficiency and immune dysregulation, or PLAID) revealed by studying 41 
families with specific dominantly inherited symptoms8. In all identified clinical cases of APLAID 42 
(summarized by Mulazzani et al.4), different missense mutations in PLCγ2 have a similar effect on 43 
structure and function of this enzyme (Figure 1). By compromising autoinhibitory, intramolecular 44 



 
 

interactions these mutations result in enhanced basal and stimulated PLC activity9. Further 45 
studies of signalling connectivity and mechanisms, important for understanding consequences of 46 
the APLAID PLCγ2 mutations for cellular functions implicated in autoinflammation, suggested a 47 
link to upregulation of NLRP3 and IL-1β release when assessing PBMCs from patients  with 48 
APLAID, compared with healthy individuals10,11. However, in the clinical setting IL-1 inhibitors 49 
(such as the IL-1 receptor antagonist anakinra) have been mostly ineffective. Similarly, other 50 
cytokine inhibitors, including TNF inhibitors, only partially suppress the disease. These 51 
observations suggest that unknown pathways and mediators are critical for the pathogenesis of 52 
APLAID.  53 
 54 
In their search for inflammatory drivers of APLAID, Mulazzani et al.4 first demonstrated that the 55 
majority of APLAID symptoms can be recapitulated in PLCγ2S707Y/+ mice. They used this mouse to 56 
assess factors previously implicated in autoinflammation and, importantly, to search for new 57 
mediators responsible for the development and progression of APLAID (Figure 1). Patients with 58 
APLAID caused by a missense monoallelic p.Ser707Tyr mutation present with recurring blistering 59 
skin lesions, interstitial lung disease, joint pain, ocular inflammation, enterocolitis and immu-60 
nodeficiency. Comprehensive analysis of the PLCγ2S707Y/+ phenotype revealed most of the 61 
expected characteristics, including neutrophilic skin and lung inflammation; however, 62 
inflammatory eye diseases and a pronounced immunoglobulin reduction were not observed. 63 
Next, to analyse whether autoinflammation in APLAID is mediated by IL-6, TNF or the 64 
inflammasome, PLCγ2S707Y/+ mice were crossed with IL-6, caspase-1 or TNF KO strains. Despite 65 
some differences compared with PLCγ2S707Y/+ mice, these crosses resulted in a marginal rescue of 66 
the APLAID phenotype, with inflammatory infiltrates in the skin and lungs only partially 67 
decreased in some crosses.  68 
 69 
Information about other factors that could have important inflammatory effects in APLAID came 70 
from analysis of an extensive panel of cytokines in samples from PLCγ2S707Y/+ mice and their 71 
crosses. The most notable differences were in the G-CSF levels, with the highest increase relative 72 
to wildtypes detected in plasma from PLCγ2S707Y/+ mice. These mice also had increased G-CSF 73 
levels in skin and lung lysates. Interestingly, cytokine profiles from the treatment phase of two 74 
APLAID patients with different PLCγ2 mutations also revealed high and fluctuating levels of G-75 
CSF. On the basis of these findings, the PLCγ2S707Y/+ APLAID mice were treated with anti-G-CSF 76 
antibodies. Notably, by suppressing excessive myelopoiesis in the bone marrow (BM) and the 77 
spleen, this treatment reduced the neutrophil count and other autoinflammatory manifestations 78 
in PLCγ2S707Y/+ mice, reversing the APLAID phenotype. In follow up experiments to specifically 79 
assess the contribution from the BM haematopoietic compartment, PLCγ2+/+ BM cells were 80 
transferred to irradiated PLCγ2S707Y/+ APLAID mice and, conversely, the PLCγ2 S707Y/+ BM cells to 81 
PLCγ2+/+ mice as well as to G-CSF KO mice. These BM transplantations normalized G-CSF levels 82 
and rescued the APLAID phenotype such that G-CSF deficient mice were protected from APLAID. 83 
These data suggest that the APLAID mutation critically affects BM cells, which in turn triggers the 84 
production of G-CSF in other tissues. However, the mechanistic link between cells affected by the 85 
PLCγ2 mutation and a trigger for increased production of G-CSF is elusive and requires further 86 
investigation. Nevertheless, these experiments highlight G-CSF, one of the first identified and 87 
extensively studied cytokines with clinical application12, as the key driver of inflammation in this 88 



 
 

case of APLAID. Furthermore, two options for new APLAID treatments emerged from this work, 89 
G-CSF neutralization by antibody treatment and allogeneic BM transplantation. Considering that 90 
targeted, anti-cytokine strategies have already been successful in the clinic and that BM 91 
transplantation is an established medical procedure, both options might be further developed 92 
and implemented. Whether these main findings and proposed treatment strategies are relevant 93 
for any other autoinflammatory disease remains to be investigated.  94 
 95 
In summary, the study by Mulazzani et al.4 is an important step towards understanding the 96 
diversity of mediators involved in autoinflammation. Specifically, the role of G-CSF in APLAID is 97 
strongly supported by several lines of experimental evidence. These new data also outline 98 
directions that are needed to facilitate advancement of proposed new treatments. These future 99 
directions include more extensive cytokine profiling (including G-CSF) of APLAID patients with 100 
different PLCγ2 mutations and profiling of patients with other related autoinflammatory 101 
diseases. Also crucial will be case studies showing the effect of G-CSF reduction on inflammatory 102 
manifestations in these patients. 103 
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Figure 1.   A new model of autoinflammation and emerging treatment options. 146 
A mouse model has been generated for a rare autoinflammatory disease known as APLAID 147 
[autoinflammation with phospholipase C γ2 (PLCγ2)- associated antibody deficiency and immune 148 
dysregulation].  In the structural model of PLCγ2 (inset), the APLAID mutation p.S707Y localises 149 
to the autoinhibitory interface and is proposed to weaken the contact between the regulatory 150 
and catalytic-core domains leading to the enzyme becoming more active. A new mouse model 151 
carrying this mutation (PLCγ2S707Y/+ mice) replicates most symptoms identified in patients with 152 
APLAID. Deleting some of the possible mediators of inflammation, IL-6, caspase-1 or TNF in 153 
PLCγ2S707Y/+ crosses showed only a partial rescue of some APLAID symptoms (top right). By 154 
contrast, APLAID symptoms were reversed by treating PLCγ2S707Y/+ mice with anti-G-CSF 155 
antibodies, which normalised highly increased levels of this cytokine, or by performing a bone 156 
marrow (BM) transplant from healthy (PLCγ2+/+) donors (bottom left). 157 
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