
Response to: ‘JAK inhibition in STING-
associated interferonopathy’ by Crow et al

We appreciate the comments by Crow et al on our report of a
gain-of-function mutation in STING in familial chilblain lupus
and the effect of the JAK inhibitor tofacitinib.1 In a concurrent
study,2 Crow et al reported a marked clinical improvement in
three patients with stimulator of interferon genes
(STING)-associated vasculopathy3 using the JAK inhibitor ruxo-
litinib. This was accompanied by an incomplete reduction in the
expression of interferon (IFN)-stimulated genes (ISGs) in blood
raising the question as to the IFN signature as a read-out of clin-
ical efficacy. This is a very important question that we cannot

answer with regard to tofacitinib as we have no long-term
experience with this JAK inhibitor in patients with type I inter-
feronopathies. However, we have used ruxolitinib in two
patients with Aicardi-Goutières syndrome (AGS), an inflamma-
tory encephalopathy characterised by chronic type I IFN activa-
tion.4 Both patients carried biallelic RNASEH2B mutations and
suffered from severe developmental delay. They received no
other medications, when treatment with ruxolitinib (0.2 mg/kg
increased to 0.5 mg/kg over 1 week) was started at the age of
23 months. Ruxolitinib was well tolerated without any signs of
myelosuppression. Both patients responded with a marked
reduction in ISG expression within 2 weeks (figure 1). Shortly
after entering nursery, patient 1 presented with three episodes
of upper respiratory infections accompanied by leucocytosis,

Figure 1 Interferon (IFN) score of
patients with Aicardi-Goutières
syndrome (AGS) treated with
ruxolitinib. (A) IFN score calculated
from the median fold change in
relative mRNA for seven IFN-stimulated
genes (ISGs) (IFIT1, ISG15, RSAD2,
SIGLEC1, IFI27, IFI44, IFI44L)
normalised to glyceraldehyde
3-phosphate dehydrogenase. Negative
scores are those<3488 (mean of
control IFN score plus 2 SD). IFN scores
of patient 1 (n=2) and patient 2 (n=3)
before treatment with ruxolitinib show
increased expression of ISGs (p≤0.001
vs controls; Wilcoxon-Mann-Whitney
test). (B) IFN score during treatment
with ruxolitinib. # indicates upper
respiratory infections.

Figure 2 Expression of IFNB gene and interferon (IFN)-stimulated genes (ISGs). Quantitative reverse transcription PCR of INFB and seven ISGs in
whole blood measured in 47 patients with molecularly defined type I interferonopathies and 13 healthy controls. The relative abundance of each
target transcript was normalised to the expression level of glyceraldehyde 3-phosphate dehydrogenase and relative to a single calibrator. Each
sample was run in triplicate. Horizontal bars denote median relative mRNA expression value. NS, not significant. Wilcoxon-Mann-Whitney test.
*p≤0.05; **p≤0.01; ***p≤0.001.
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elevated C reactive protein and an increased IFN score. The
clinical course was uneventful. Because infections were attribu-
ted to environmental exposure, rather than immunosuppression,
ruxolitinib was continued. After infections resolved, his IFN
score gradually decreased (figure 1). Overall, patient 1 showed
some developmental progress regarding his exploratory behav-
iour and feeding skills along with a decline of dystonic move-
ments, although we cannot state with certainty whether this is
due to ruxolitinib. Patient 2 exhibited a sustained reduction in
ISG expression at 3 months of ruxolitinib treatment.

Clearly, conclusive evidence regarding the benefit of JAK
inhibition in patients with AGS must await further clinical inves-
tigations. However, the differences in ISG responses in patients
treated with ruxolitinib observed by the two groups might be
related to differences in dosing, age or the underlying molecular
pathology. Of note, all three patients in the study by Crow et al
received steroids, one patient additionally hydroxychloroquine,
while treated with ruxolitinib.2 These immunomodulatory com-
pounds may have influenced the metabolism of ruxolitinib by
cytochrome P450 as well as immune responses.

In their letter, Crow et al also state IFNA and IFNB mRNA in
blood of their patients to be absent. While we have no data on the
expression of the large IFNA gene family in our patients, we rou-
tinely measured the expression of the IFNB gene alongside ISGs.
In contrast to ISGs, we noted an extraordinary variability in IFNB
expression over several orders of magnitude both among healthy
controls and patients (figure 2), in agreement with a highly
complex and dynamic regulation of IFNB gene expression.5

Notably, the exaggerated ISG response observed in AGS patient
1 during infection might reflect an overprimed IFN axis and is
consistent with the clinical observation that the onset of AGS com-
monly coincides with an infection or a vaccination. While JAK
inhibition appears to be of clinical benefit in patients with type I
IFN-driven disease, complete inhibition of the IFN axis that could
impede antiviral defence is undesirable. Thus, further investiga-
tions are necessary to identify the most appropriate set of ISGs to
monitor and/or predict clinical responses to JAK inhibition.
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