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TO THE EDITOR:

Novel somatic mutations in UBA1 as a cause of
VEXAS syndrome
James A. Poulter,1,2,* Jason C. Collins,3,* Catherine Cargo,4 Ruth M. De Tute,4 Paul Evans,4 Daniela Ospina Cardona,5 David T. Bowen,6

Joanna R. Cunnington,7 Elaine Baguley,7 Mark Quinn,8 Michael Green,8 Dennis McGonagle,1,9 David B. Beck,5 Achim Werner,3

and Sinisa Savic1,9

1Leeds Institute of Rheumatic and Musculoskeletal Medicine and 2Leeds Institute of Medical Research, University of Leeds, Leeds, United Kingdom; 3National
Institute of Dental and Craniofacial Research, National Institutes of Health, Bethesda, MD; 4Haematological Malignancy Diagnostic Service, St James’s Universi-
ty Hospital, Leeds, United Kingdom; 5National Human Genome Research Institute, National Institutes of Health, Bethesda, MD; 6Department of Haematology,
Leeds Teaching Hospitals, Leeds, United Kingdom; 7Department of Rheumatology, Hull University Teaching Hospitals, Hull, United Kingdom; 8Department of
Rheumatology, York Teaching Hospital NHS Foundation Trust, York, United Kingdom; and 9National Institute for Health Research–Leeds Biomedical Research
Centre, University of Leeds, Leeds, United Kingdom

Systemic autoinflammatory disorders encompass a heteroge-
neous group of monogenic disorders that are characterized by
recurrent episodes of systemic and organ-specific inflammation.1

Using a genotype-first approach, Beck et al recently described
VEXAS (vacuoles, E1 enzyme, X-linked, autoinflammatory, somat-
ic) syndrome, a new late-onset treatment-refractory inflammatory

syndrome with associated hematological abnormalities.2 VEXAS
is caused by acquired somatic mutations at methionine 41
(p.Met41) of UBA1, the major E1 enzyme responsible for initiat-
ing ubiquitylation. The mutations were predominantly found in
myeloid lineages and were absent in lymphoid lineages. Func-
tional analysis identified loss of the cytoplasmic isoform UBA1b,
initiated from p.Met41, and the subsequent gain of a new
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Figure 1. Somatic mutations in UBA1 cause VEXAS. (A) Electropherograms showing that the c.167C.T, p.Ser56Phe variant (denoted by an asterisk) is present in
peripheral blood and is specifically enriched in sorted myeloid, but not lymphoid, cells. (B) In contrast to the p.Met41 variants, the p.Ser56Phe patient variant does not
result in loss of UBA1b or gain of UBA1c, as revealed by immunoblot analysis of HEK293T cells transfected with the indicated UBA1FLAGHA patient variants. WT, wild-
type. (C) The p.Ser56Phe mutation reduces catalytic activity of nuclear UBA1a and cytoplasmic UBA1b in a temperature-dependent manner. Ubiquitin thioester forma-
tion assays were performed by preincubating denoted recombinantly purified UBA1 variants at 4�C or 37�C for 30 minutes, followed by incubation with ubiquitin and
adenosine triphosphate (ATP) for 30 minutes on ice and immunoblot analysis. (D) Quantification of relative ubiquitin thioester formation of UBA1 proteins shown in (C).
Ubiquitin thioester formation was calculated as a normalized fraction of modified protein [Ub�UBA1/(Ub�UBA11UBA1)], and wild-type (WT) protein was set to 1 (n 5

6 independent experiments using 2 independently purified protein preparations). ***P , .001, standard Student t test. (E) Electropherogram of the c.118-1G.A muta-
tion in peripheral blood of P10 showing the mutant allele, present at the intron 2 acceptor, to be the predominant allele. (F) Reverse transcriptase polymerase chain re-
action of patient-derived RNA revealed that the c.118-1G.C variant results in a reduction in correctly spliced UBA1 and the formation of multiple incorrectly spliced
products (expected band size 5 250 bp). Because the patient is deceased, no fresh tissue was available; therefore, RNA was extracted from paraffin-embedded fixed
tissue. (G-H) Representative bone marrow morphology from patient P9 with p.Ser56Phe mutation, stained with haematoxylin and eosin. Hypercellular trephine morphol-
ogy shows erythroid expansion, reduced granulopoiesis, and scattered atypical megakaryocytes (blue arrows). ns, not significant.
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isoform, UBA1c, as the underlying disease mechanisms. No ad-
ditional variants, other than those at p.Met41, were identified,
suggesting that mutation of this residue alone causes VEXAS.

Here, we report 10 additional cases of VEXAS and describe 2
new mutations as a cause of this disease.

We investigated 18 patients for a severe systemic inflammatory
disorder, cytopenias, and with bone marrow dysplastic features;
all were men older than 40 years of age. Four of these patients,
who were already deceased, were identified from a database
based on their phenotype. Sanger sequencing was undertaken,
resulting in the identification of pathogenic or likely pathogenic
variants in 10 of 18 patients (P1-P10). Of the 10 patients with a
mutation, 8 (P1-P8) had mutations at p.Met41, and 2 had novel
variants. To determine whether samples negative for mutations
following Sanger sequencing harbor somatic mutations at a low
allele frequency, we performed deep amplicon sequencing of
exon 3 to an average depth of 2900 reads per sample. No vari-
ant was identified in any of the sequenced samples. Clinical fea-
tures of all patients are shown in Table 1.

The first novel variant identified was a somatic variant,
NM_153280:c.167C.T, p.Ser56Phe in P9, with an approximate-
ly equal ratio of reference and variant alleles in peripheral blood.
This variant is not present in the Genome Aggregation Database
(gnomAD)3 and is predicted to be deleterious by all tested bio-
informatics predictions (supplemental Table 1, available on the
Blood Web site). To determine whether the c.167C.T variant
was preferentially expressed in myeloid cell lineages, we used
magnetic-activated cell sorting to sort peripheral blood into my-
eloid (CD141/CD151) and lymphoid (CD31/CD191) lineages.
Sanger sequencing of the variant in extracted genomic DNA re-
vealed that the myeloid lineage populations had predominantly
mutant alleles, whereas B- and T-cell lymphoid lineages were
predominantly wild-type (Figure 1A). Similar to canonical VEXAS
mutations, the p.Ser56Phe variant did not affect the cellular lo-
calization of UBA1 (supplemental Figure 1). Surprisingly, howev-
er, it did not result in the cytoplasmic isoform swap from UBA1b
to UBA1c observed in p.Met41 variants (Figure 1B). Rather, this
variant resulted in a temperature-dependent impairment in
UBA1 catalytic activity compared with wild-type enzyme (Figure
1C-D). The second novel variant identified was at the splice ac-
ceptor site (NM_153280:c.118-1G.C) of exon 3 (Figure 1E) in
P10. This variant is not present in gnomAD and is predicted to
alter splicing by SpliceAI (supplemental Table 1). Analysis of
patient-derived RNA revealed a reduction in properly spliced
transcript and the creation of multiple incorrectly spliced prod-
ucts (Figure 1F).

The remaining 8 patients (P1-8) had a somatic variant that
substituted the Met41 residue. Five of the patients had
c.122T.C; p.Met41Thr substitution, whereas the remaining 3
patients had the c.121A.G; p.Met41Val substitution (Table 1).
Bone marrow histopathology was consistent with previously
reported patients, with vacuolated promyelocytes, increased
cellularity and granulopoiesis, and decreased erythropoiesis
(supplemental Figure 2). P9 (p.Ser56Phe) also showed in-
creased cellularity; however, in contrast with the other VEXAS
cases, he had increased erythropoiesis and reduced granulo-
poiesis (Figure 1F-G). Eight patients who tested negative for
the pathogenic UBA1 variant had many clinical features similar

to VEXAS patients. All presented with fever, a high degree of
skin involvement, and chondritis. Although all had anemia, the
macrocytic type was only seen in 50% of the UBA12 individuals
(Table 1).

Because VEXAS mutations are acquired and the disease is pro-
gressive, we hypothesized that its progressive nature could be
due to the mutant clone expanding over time. Therefore, we
identified a case from the original study2 and 1 from this study
(P6) with the p.Met41Thr substitution for whom bone marrow bi-
opsies spanning 5 years were available. Sequencing of genomic
DNA extracted from each biopsy did not reveal any difference
in the proportion of mutant/wild-type alleles, with the predomi-
nant allele in each biopsy being the mutant T allele (supplemen-
tal Figure 3).

By sequencing a cohort of patients suspected of having VEXAS,
we identified 10 patients with UBA1 mutations. Although 8 of
these substituted p.Met41, the remaining 2 patients harbored
novel mutations that provide new insights into the disease
mechanism of VEXAS. First, the c.118-1G.C variant altered
splicing in vitro. We hypothesize that this mutation results in ab-
errant UBA1 messenger RNAs that lack regions around p.Met41
required for translation of the cytoplasmic UBA1b isoform. Sec-
ond, analysis of the p.Ser56Phe variant led to the identification
of a distinct disease mechanism whereby a temperature-
dependent impairment in catalytic activity of UBA1, and not loss
of the UBA1b isoform, results in VEXAS. Although we do not
see a differential impact on UBA1 isoforms at the chosen condi-
tions of our in vitro assays, we hypothesize that the p.Ser56Phe
variant might lead to a preferential inactivation of cytoplasmic
UBA1b isoform in cells (eg, through binding of activity-
stabilizing proteins to the N terminus of nuclear UBA1a that is
not present in cytoplasmic UBA1b); alternatively, cells may be
more sensitive to reductions in activity to UBA1b. This novel dis-
ease mechanism may account for the difference in hematologi-
cal pathology observed for P9 (ie, increased erythropoiesis and
reduced granulopoiesis) compared with the rest of the cohort.
Thus, our study suggests that a phenotypic spectrum may exist
for VEXAS that is governed by the underlying mutation, the dis-
ease mechanism, and proportion of mutation-containing cells.

Previous analyses of sorted blood from patients harboring
p.Met41 variants showed that the variant is predominant in mye-
loid cell lineages but not in lymphoid cell lineages.2 We ob-
served the same restriction of mutations to myeloid lineages for
the p.Ser56Phe patient, suggesting that this restriction is not
specific to Met41 mutations. This may imply that loss-of-function
mutations in cytoplasmic UBA1 invokes a survival advantage in
myeloid lineages that does not exist in lymphoid lineages or,
simply, that myeloid cells can survive the loss of cytoplasmic
UBA1, which other cell types cannot. Interestingly we did not
find any difference in the proportion of mutant/wild-type alleles
in bone marrow over a 5-year period during which the disease
progressed. Further studies will be required to better under-
stand the clonal nature of this disease and how this associates
with disease severity; however, the predominance of the mutant
allele from the first biopsy onward suggests that, even at the ini-
tial presentation of symptoms, the mutation is already the preva-
lent allele.
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Several studies have linked myelodysplastic syndrome (MDS)
with an increased incidence of autoimmune and autoinflamma-
tory complications.4 Previous studies have identified particular
autoimmune manifestations associated with distinct karyotypes
in MDS.5 A more recent study found that somatic mutation of
transcription factor pathways and abnormal karyotypes are asso-
ciated with autoinflammatory complications.6 The identification
of somatic UBA1 mutations in VEXAS, in particular, helps to ex-
plain why some MDS patients also have autoinflammatory com-
plications.7 Future studies of VEXAS-like UBA1-negative cases
using the cell lineage–specific whole-exome sequencing ap-
proach might lead to the discovery of additional somatic muta-
tions that link inflammatory and hematological abnormalities.
This will also result in a better understanding of the underlying
genetic causes of MDS and facilitate stratification and develop-
ment of targeted treatments. Although VEXAS patients do not
appear to have additional somatic mutations that are typically
associated with high-risk MDS, the condition is associated with
poor outcome and is refractory to standard therapies. A more
radical treatment approach, such as bone marrow transplant,
might need to be considered early in the disease course.
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