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IMPORTANCE Familial chilblain lupus is a monogenic autosomal dominant form of cutaneous
lupus erythematosus that in most cases is caused by mutations in the 3 prime repair
exonuclease 1 (TREX1). Familial chilblain lupus presents in early childhood with cold-induced
painful erythematous infiltrates leading to mutilation and is associated with systemic
involvement illustrated by an elevated type I interferon (IFN) signature in the skin and blood.
Effective treatment is currently not available.

OBJECTIVES To evaluate the clinical response to the Janus kinase inhibitor baricitinib in
familial chilblain lupus and assess the effect of cold on patient fibroblasts.

DESIGN, SETTING, AND PARTICIPANTS In this case series, 3 patients with familial chilblain lupus
due to TREX1 mutation underwent treatment with baricitinib for 3 months.

INTERVENTIONS Doses of baricitinib, 4 mg, were administered daily for 3 months.

MAIN OUTCOMES AND MEASURES Reduction of cutaneous lupus lesions was measured by the
revised cutaneous lupus area and severity index, pain due to skin and joint involvement was
assessed by visual analog scale, type I IFN signature in blood was determined by polymerase
chain reaction, and the in vitro response of fibroblasts to cold exposure was analyzed.

RESULTS All 3 patients (2 women and 1 man; mean [SD] age, 51 [24] years) showed a
significant improvement of cutaneous lupus lesions with suppression of systemic type I IFN
activation. One patient had a complete remission regarding pain and, in 2 patients, pain
associated with joint inflammation was partially reduced. No severe adverse reactions were
reported. Exposure of patient fibroblasts to cold induced a stress response and enhanced
senescence along with induction of IFN-stimulated gene in vitro.

CONCLUSIONS AND RELEVANCE These findings demonstrate the therapeutic efficacy of Janus
kinase inhibition in a monogenic form of lupus among 3 patients and provide mechanistic
insight into the process of disease exacerbation by cold in TREX1-deficient cells. This finding
may be relevant to other type I IFN–mediated disorders and implicates Janus kinase inhibition
as a potential therapeutic option also for multifactorial cutaneous lupus erythematosus.
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F amilial chilblain lupus (FCL) is an autosomal dominant
form of cutaneous lupus erythematosus caused by
mutations in the 3 prime repair exonuclease 1 (TREX1

[OMIM 606609]). Familial chilblain lupus presents in early
childhood with cold-induced bluish-red infiltrates on acral lo-
cations that tend to ulcerate and may be associated with signs
of systemic lupus erythematosus.1-4 TREX1 is a cytosolic DNase
anchored in the outer nuclear membrane that safeguards the
cell against innate immune activation by degrading short DNA
metabolites derived from the nucleus that leak into the cytosol.1

In TREX1-deficient cells, self-DNA accumulates in the cyto-
sol and stimulates the cyclic guanosine monophosphate
(cGAS)–adenosine monophosphate synthase–stimulator of in-
terferon (STING) pathway, leading to induction of type I in-
terferons (IFNs).1,2,5 Inappropriate activation of chronic type
I IFN can break immune tolerance and promote autoimmu-
nity. In keeping with this finding, patients with FCL exhibit con-
stitutive upregulation of IFN-stimulated genes and proteins in
blood and skin.4

The effector functions of type I IFN are mediated by the
INF-α and IFN-β receptor (IFNAR), which signals via the Ja-
nus kinase (JAK) and signal transducer and activators of tran-
scription pathway.6 The JAK family comprises the receptor-
associated tyrosine kinases JAK1, JAK2, and JAK3, which
activate signal cascades downstream of type I cytokine recep-
tors, and tyrosine kinase 2, which activates signal cascades
downstream of type I and type II cytokine receptors.6 The
IFNAR receptor signals through JAK1 and tyrosine kinase 2.6

Janus kinase inhibitors are small molecules inhibiting JAK ac-
tivation. The first available JAK inhibitor, ruxolitinib, was ap-
proved for the treatment of myelodysplastic disorders and in-
hibits mainly JAK1 and JAK2, while baricitinib, which was
recently approved in Europe for the treatment of rheumatoid
arthritis, similarly impairs JAK1 and JAK2 signaling. Tofaci-
tinib is also approved for the treatment of rheumatoid arthri-
tis and inhibits JAK3, but also JAK1 and, to a lesser extent,
JAK2.6 The therapeutic potential of JAK inhibition was
recently demonstrated in patients with type I IFN–mediated
vasculopathy due to activating TMEM173 mutations using rux-
olitinib and tofacitinib,7,8 while baricitinib was shown to be
effective in patients with chronic atypical neutrophilic der-
matosis with lipodystrophy and elevated temperature.9 We
therefore investigated the therapeutic potential of baricitinib
in patients with FCL.

Methods
Patients
All patients received a diagnosis of FCL with onset in early
childhood. Patient 1 (TREX1 D18N, heterozygous) is a woman
in her 20s with FCL.10,11 Patient 2 (TREX1 H195Q, heterozy-
gous) is a man in his 70s, and patient 3 (TREX1 H195Q, het-
erozygous) is a woman in her 50s.12 Primary human fibro-
blasts were derived from skin biopsies of lesional skin from the
hand of patients 1 and 2 (patient 3 did not wish to provide fi-
broblasts), who provided written informed consent. Control
samples were obtained from skin excised during plastic sur-

gery in age-matched individuals. All 3 patients received treat-
ment with the JAK 1/2 inhibitor baricitinib. The study was
performed in accordance with the Declaration of Helsinki13

and was approved by the ethics committee of the Medical
Faculty, Technical University Dresden.

Cell Culture and Cold Exposure
Cells were cultured in Dulbecco Modified Eagle medium supple-
mented with 10% fetal calf serum, 4mM of L-glutamine, 1%
penicillin and streptomycin sulfate, and 1mM of sodium pyru-
vate. In all experiments, passage-matched fibroblasts of pa-
tients 1 and 2 and controls were used. For cold exposure, cells
were cultivated at 25°C for 3 or 5 days followed by a rewarm-
ing phase at 37°C.

Measurement of Reactive Oxygen Species
For detection of reactive oxygen species (ROS), cells were
treated with the cell-permeable fluorogenic indicator dye di-
hydrorhodamine 123 (DHR 123, Molecular Probes, 1 μg/mL) in
Dulbecco Modified Eagle medium without phenol red. After
incubation for 15 minutes at 37°C, ROS-induced fluorescence
was measured using a Tecan microplate reader (excitation at
488 nm, emission at 530 nm).

β-Galactosidase Staining
At the indicated time points after cultivation in complete
growth medium, fibroblasts were stained using the Senes-
cence β-Galactosidase Staining Kit (Cell Signaling) and ana-
lyzed by light microscopy.

Quantitative Real-Time Reverse
Transcription–Polymerase Chain Reaction
Total RNA was extracted from peripheral blood mononuclear
cells isolated by Ficoll density gradient centrifugation using
the RNeasy Mini Kit (Qiagen) followed by DNase I digestion.
Gene expression of the IFN-stimulated genes (IFI27, IFI44,
IFI44L, IFIT1, ISG15, RSAD2, and SIGLEC1) was determined by
quantitative real time reverse transcription–polymerase chain
reaction using Taqman Universal PCR Master Mix (Applied Bio-
systems) on an ABI7300 and normalized to HPRT and GAPDH
messenger RNA expression. Target genes were analyzed using

Key Points
Question Is inhibition of the Janus kinase signaling pathway a
therapeutic option in familial chilblain lupus?

Findings In this case series study, 3 patients with familial chilblain
lupus caused by mutations in the 3 prime repair exonuclease 1
(TREX1) responded to treatment with baricitinib with
improvement of cutaneous chilblain lesions, relief of pain, and
reduction of type I interferon signature. Cold, the main trigger
factor of cutaneous disease, induced a stress response in patient
fibroblasts, providing insight into pathogenesis of cutaneous
disease.

Meaning Janus kinase inhibition may represent a novel
therapeutic approach for cutaneous manifestations of monogenic
and multifactorial lupus erythematosus.
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predesigned TaqMan probes. Assays were calibrated using a
calibrator cDNA calibrator. Interferon scores were calculated
as previously described.14

Statistical Analysis
Data are representative of at least 3 independent experi-
ments. Statistical analysis was performed using GraphPad
Prism, version 6 (GraphPad Software). Normal distribution of
data was tested using the Shapiro Wilk test. In normally dis-
tributed data, a 2-tailed t test was used, otherwise a Mann-
Whitney test was used for comparison of 2 groups. P < .05 was
considered statistically significant.

Results
In 3 adults with FCL with painful and mutilating erythema-
tous ulcerative skin infiltrates on acral locations as well as
arthritis,2,4 we initiated treatment with the JAK 1/2 inhibitor
baricitinib during the winter season.6 All patients had previ-
ously been treated with topical corticosteroids and hydroxy-
chloroquine sulfate, with unsatisfactory results. Corticoste-
roids and hydroxychloroquine had been stopped at least
6 weeks before administration of baricitinib at a daily dose of
4 mg. Treatment with baricitinib significantly improved cu-
taneous lesions as assessed by the revised cutaneous lupus area
and severity index15 after 3 months (Figure 1A). Patients who
usually experienced multiple disease flares during the winter
period reported reduced episodes as well as improved perfu-
sion of digits during treatment (Figure 2). In addition, pa-
tients described complete or partial relief of skin and joint
pain as measured on a visual analog scale (where 0 indicated
no pain and 10 indicated the most severe pain; patient 1:
Spearman ρ = –0.7970; P < .001; and patient 2: Spearman
ρ = –0.9550; P < .001; Figure 1B). During treatment with barici-
tinib, the IFN signature in blood calculated from the messen-

ger RNA expression levels of the IFN-stimulated genes IFI27,
IFI44, IFI44L, IFIT1, ISG15, RSAD2, and SIGLEC1 was signifi-
cantly suppressed after 3 months (Figure 1C), mirroring the
therapeutic effect and underpinning the central role of type I
IFN in the pathogenesis of disease. Treatment with barici-
tinib was well tolerated and no severe adverse effects oc-
curred. Two patients experienced repeated mild upper respi-
ratory tract infections during the winter season. In addition
to a marked improvement of all aspects of disease symptoms,
all 3 patients also reported that previously used topical corti-
costeroids and immunosuppressive therapies such as hydroxy-
chloroquine had been less effective and did not induce com-
parable remission of cutaneous lesions and pain.

To investigate the influence of the clinical trigger factor cold
on patient cells in vitro, we exposed primary fibroblasts gener-
ated from patients with FCL to low temperature. Cultivation of
patient fibroblasts for 5 days at 25°C led to an enhanced forma-
tion of ROS on rewarming compared with wild-type fibro-
blasts from controls, indicating an enhanced stress response in
TREX1-deficient cells (Figure 3A). Oxidative stress is a well-
known trigger of DNA damage, suggesting that cold-induced
ROS formation might further activate DNA damage signaling.
One consequence of the DNA damage response is cellular se-
nescence. As previously shown, TREX1-deficient fibroblasts
exhibited an increased number of senescent cells under basal
condition (Figure 3B). Unlike in wild-type cells, exposure to cold
led to a significant increase in senescence in TREX1-deficient
patient cells (Figure 3B). In addition, the cold-induced stress
response in patient cells was associated with enhanced expres-
sion of the IFN-stimulated gene IFI27 (Figure 3C).

Discussion
These 3 cases demonstrated a good clinical response to barici-
tinib in patients with FCL due to TREX1 mutation. The patho-

Figure 1. Clinical Response to Janus Kinase Inhibition in Familial Chilblain Lupus

15

10

5

0

R-
CL

AS
I S

co
re

Month of Treatment

P =.01

R-CLASI score during treatmentA

0 3

8

6

4

2

0

VA
S

Days

Pain assessed by VASB

0 5 10 15 20 25 30

10 000

1000

100

10

1

IS
G 

Sc
or

e

Month of Treatment

P =.01

Type I IFN score in bloodC

0 3

Patient 1a

Patient 2b

Patient 3c

A, Mean (SD) revised cutaneous lupus area and severity index (R-CLASI) activity
during treatment. B, Pain assessed by the visual analog scale (VAS) (where 0
indicates no pain and 10 indicates most severe pain). C, Mean (SD) type I
interferon (IFN) score in blood before and after 3 months of baricitinib

treatment measured by quantitative reverse transcription–polymerase chain
reaction of IFN-stimulated genes (ISGs). aSpearman ρ = –0.7970; P < .001.
bSpearman ρ = –0.9550; P < .001. cSpearman ρ = –0.9260; P < .001.

Research Brief Report Assessment of Clinical Response to JAK Inhibition in Patients With Familial Chilblain Lupus and TREX1 Mutation

344 JAMA Dermatology March 2019 Volume 155, Number 3 (Reprinted) jamadermatology.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

http://www.jamadermatology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2018.5077


logic characteristics of cutaneous disease in patients with
TREX1-deficient FCL are driven mainly by type I IFN, which
is illustrated by constitutive upregulation of IFN-stimulated
genes and proteins in the blood and skin of patients.4 This find-
ing is supported by studies in TREX1-deficent mice that de-
velop lethal systemic autoimmunity. Moreover, concomitant
genetic inactivation of the type I IFN receptor was shown to
fully rescue the Trex1−/− phenotype.2

In this study, baricitinib was chosen for treatment from
among the JAK inhibitors currently available for clinical use
because of its highly specific inhibitory effect on the IFNAR

receptor. The responsiveness of cutaneous lesions to barici-
tinib further underpins the pathogenic role of type I IFN in FCL.

In contrast to the effect of baricitinib treatment on cuta-
neous symptoms, pain associated with arthritis and skin
lesions was not completely resolved. Type I IFNs can initiate
an inflammatory cascade, with activation of additional cyto-
kines that might be involved in joint inflammation. Future ef-
forts are therefore necessary to find suitable combinations with
anti-inflammatory drugs and to test other JAK inhibitors for
possible superior effects on arthritis. Furthermore, long-
term observations are needed to identify the minimal dose of

Figure 3. Cold-Induced Stress Response and Induction of Interferon-Stimulated Genes (ISGs)
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Figure 2. Representative Clinical Images Before and During 3 Months of Treatment With Baricitinib

Before treatmentA During treatmentB

A, Bluish-red discoloration, painful
erythematous infiltrates, and
erosions on the hand of a patient with
familial chilblain lupus. B, Clinical
improvement during treatment with
baricitinib.
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baricitinib required to limit cutaneous disease and prevent pos-
sible infectious adverse effects associated with suppression
of type I IFN.6

Despite proficiency in DNA damage repair, TREX1-
deficient fibroblasts exhibit chronic activation of DNA dam-
age signaling due to exhaustion of the single-stranded DNA–
binding capacity of the DNA replication and DNA repair
proteins RPA and Rad51.1 The ensuing enhanced formation of
DNA metabolites along with activation of the DNA damage re-
sponse contributes to the constitutively enhanced expres-
sion of IFN-stimulated genes in patient cells. Given that chil-
blain lupus is triggered by cold, we investigated the cellular
response to cold in fibroblasts derived from patient skin. Ex-
posure to cold led to an increase in oxidative stress that was
accompanied by activation of type I IFN, suggesting that cold-
induced cellular stress might act as a trigger that switches the
cell from an immunologically activated state to an inflamma-
tory state. In addition, other cold-induced effects such as re-
duced acral perfusion due to vasoconstriction may contrib-

ute to cold-induced disease flares in patients with FCL. To
interfere with cold-induced disease flares, JAK inhibition might
therefore be particularly recommended during the winter sea-
son in patients with FCL.

Limitations
A limitation of this study is the small number of patients
included.

Conclusions
Our findings demonstrate the therapeutic efficacy of the JAK in-
hibitor baricitinib in 3 patients with FCL, a monogenic form of
lupus, and provide mechanistic insight into the process of dis-
ease exacerbation by cold in TREX1-deficient cells. This finding
implicates JAK inhibition as a potentially valuable therapeutic
approach for monogenic type I interferonopathies and multi-
factorial type I IFN–driven forms of lupus erythematosus.16,17
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