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Vacuolization of myeloid and erythroid precursors in the bone
marrow (BM) has been recently identified as a hallmark feature
of a new adult-onset inflammatory syndrome called VEXAS (va-
cuoles, E1 enzyme, X linked, autoinflammatory, somatic). This
syndrome is genetically associated with somatic mutations af-
fecting methionine 41 of the X-linked gene UBA1.1 The morpho-
logic finding of vacuoles in the context of an underlying
molecular lesion in VEXAS raises the question of the presence
of vacuolization of hematopoietic precursors (HPs) in other clini-
cal conditions. Although this morphologic feature is well estab-
lished in lymphoid malignancies such as Burkitt lymphoma/
leukemia, it is not frequent in myeloid pathologies. Notably, it
has been occasionally encountered in patients with myeloid
neoplasms (MNs) in association with karyotypic abnormalities
and general higher-risk features as well as in patients with other
benign conditions such as alcoholism, protein-losing enteropa-
thy, and typical hypocupremia.2-6 Therefore, vacuolization of HPs
seems to be typical but not pathognomonic in VEXAS.

Through chart review of patients enrolled at The Cleveland Clin-
ic Foundation between 2005 and 2020, we identified 24 cases
with overt presence of vacuoles in HPs among 11772 BM speci-
mens. All patients underwent BM evaluation as part of the initial
workup and/or follow-up for an MN or to define an unexplained
cytopenia (supplemental Figure 1; supplemental Appendix,
available on the Blood Web site). Ethical approval was obtained
from the institutional review board at The Cleveland Clinic Foun-
dation, along with patients’ written consent to participate to the
study. All procedures were carried out in accordance with guide-
lines set forth by the Declaration of Helsinki.

A majority of patients were male (17 [70%] of 24), with a median
age of 65 years (range, 9-92 years; Table 1). Overall, more than
half of the patients (14 of 24) showed vacuoles in erythroid (n 5 7)
or myeloid (n 5 2) precursors or both (n 5 5), whereas in 10 pa-
tients, vacuolization was restricted to myeloid blasts (blast-only).
The vacuoles appeared during the course of disease (MDS or
AML) rather than at initial specimen evaluation in 15 patients; va-
cuoles in 9 of these patients showed a blast-only pattern (vs only 1
patient whose BM was collected at the onset of disease; 60% vs
11%; P 5 .03; Figure 1A). Of note, these 15 MNs were character-
ized by higher-risk features (80% of cases had at least 1 cytogenet-
ic abnormality vs 33% in the 9 remaining cases collected at onset;
P 5 .04), history of cancer treatment, or antecedent diagnosis of a
myeloproliferative neoplasm and did not carry a UBA1 mutation.

We then focused on the cases presenting with vacuolization of
myeloid and erythroid precursors at onset (n 5 9); taking into

consideration demographics and manifestations of the VEXAS
syndrome, we identified 6 of 9 cases eligible for hotspot UBA1
mutational screening. Of these, 2 patients (aged 65 and 66
years) tested positive for the UBA1 c.122 T.C p.Met41 muta-
tion (Figure 1B-C; supplemental Figure 2) and showed the typi-
cal clinical phenotype, with skin involvement, history of venous
thrombosis, and joint pain. Of note, both patients fulfilled the
criteria for Sweet syndrome and registered increased levels of
C-reactive protein and/or erythrocyte sedimentation rate at on-
set, with 1 case having a previous diagnosis of rheumatoid ar-
thritis. Moreover, no copper or zinc alterations were identified
by serum levels. BM evaluation revealed small vacuoles with a
distinct rounded shape and preferential cytoplasmic localization
in promyelocytes, myelocytes (some of them with toxic granula-
tion), erythroid precursors, and blasts (Figure 1B-C). Finally, both
these patients had lower-risk MDS, characterized by normal cy-
togenetics and presence of the most common DNMT3A muta-
tion (p.R882H), at a variant allele frequency of 26% in 1 of the 2
cases (supplemental Tables 1 and 2).

Of the remaining 7 cases, 4 had vacuolization of erythroid and/
or myeloid precursors at onset, indicating that this morphologic
feature may also be found in MNs with coexisting conditions. In-
deed, although the diagnosis of a myeloid malignancy, especial-
ly MDS, may be sufficient for justifying the presence of
vacuolization of HPs, all of these cases also had a diagnosis of
an immune rheumatologic disorder (rheumatoid arthritis or ulcer-
ative colitis), for which some patients were receiving active treat-
ment (methotrexate), suggesting that the presence of coexisting
conditions may determine these specific dysplastic features.

Lastly, the remaining 3 patients did not fulfill the diagnostic cri-
teria for an MN, suggesting the vacuolization of HPs resulted
from other biologic routes. In fact, the first patient was a 73-
year-old woman with a history of alcohol abuse, secondary liver
dysfunction, and copper deficiency. The second patient was an
HIV1 42-year-old man with celiac disease and secondary copper
deficiency (Figure 1D), and the third was a 9-year-old boy with a
complex congenital syndrome including neurologic, immunolog-
ic, and gastrointestinal disorders without evidence of copper
and/or zinc alterations. More importantly, none of these 3 cases
showed any cytogenetic abnormalities or any of the hallmark
signs/symptoms associated with VEXAS syndrome.

The very low frequency of cells showing vacuoles in the BM
smears of our cohort should be noted. For instance, vacuoliza-
tion of HPs was reported at a median of 3.1% (range, 0.6% to
6.8% over 500 nucleated cells), regardless of the presence of a
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UBA1 mutation, further validating the rare and incidental nature
of such findings (supplemental Figure 3). Of note, vacuoles were
found to be negative on periodic acid–Schiff staining in both
UBA11 and UBA12 cases (supplemental Figure 4).

Cytoplasmic vacuoles in HPs can be seen in a number of clinical
settings, including copper deficiency/zinc toxicity, alcohol
abuse, antibiotic treatment, MDS, and VEXAS syndrome (supple-
mental Table 3).1,3,4 In the study by Beck et al,1 UBA1 mutations
were identified in a cohort of 25 male patients with a late
adult–onset (median age, 64 years) autoinflammatory syndrome
characterized by fever, cytopenia, BM dysplastic features (eg, va-
cuolization of HPs, often in the context of MDS), neutrophilic der-
matosis, joint pain, chondritis, and pulmonary inflammation. The
presence of a hotspot mutation in UBA1 (p.Met41) resulted in a
loss of function of the cytoplasmic isoform of UBA1, leading to im-
moderate production of the cytokines (interferon-g, interleukin-8,
and C-reactive protein) responsible for the associated autoinflam-
matory symptoms.1 In our case series, 2 patients tested positive
for this mutation and showed the typical signs and symptoms of
VEXAS syndrome, highlighting that testing for this mutation has to
be taken into consideration in cases presenting with such clinical
phenotypes. These 2 index cases also confirmed the association
between UBA1, MDS, and Sweet syndrome and led us to review
available BM biopsies of additional 4 Sweet syndrome cases and
interrogate our collection of 200 exomes of MN patients. Howev-
er, no other UBA1 mutations were found, and no vacuoles were
observed. Notwithstanding, we do not exclude a strong associa-
tion between Sweet syndrome, UBA1 mutation, and MDS, be-
cause this was also observed in the VEXAS report (8 of 25 patients
with a mutation had Sweet syndrome, 2 of whom also had MDS).1

Furthermore, our case series also identified other conditions as-
sociated with vacuolization of HPs, such as copper deficiency,
which encompasses neurologic and several hematologic findings
(anemia, neutropenia, and rarely thrombocytopenia).2,7,8 Charac-
teristic BM dysplasia in patients with copper deficiency includes,
among others, vacuolization of erythroid and myeloid precur-
sors, which may masquerade as MDS.2,8-11 In a recent study ex-
ploring the role of hypocupremia in patients with unexplained
dysplastic cytopenia, only 1 patient registered low levels of this
micronutrient, highlighting that indiscriminate testing may not
be cost effective.2,12 However, the burden of an MDS misdiag-
nosis may be significant for both patients and clinicians, and
therefore, it is mandatory to identify patients at risk for this rare
condition, taking into consideration the presence of other disor-
ders causing such peculiar morphologic features.

We acknowledge the limitations of the retrospective nature of this
study with an informatics-based chart interrogation, which may not
have accounted for cases with rare and therefore unreported vacuo-
lated HPs. However, we showed that this feature is rarely found in
BMspecimens of patients undergoing evaluation forMNsandunex-
plained cytopenia. Nevertheless, if identified, this finding may help
in clinical diagnosis by rulingout possible associated conditions.

Our results also emphasize that the morphologic evidence of va-
cuoles in blasts is associated with higher-risk MNs such as in cases
of previous exposure to chemotherapy and/or radiation. Indeed,
patients with a blast-only pattern of vacuolization had increased
frequency of cytogenetic abnormalities. These alterations were
linked to unique morphologic characteristics, such as cytoplasmicTa

b
le

1.
(c
o
nt
in
ue

d
)

U
P
N

Se
x

A
g
e,

y
Ty

p
e
o
f

va
cu

o
le
s

Ti
m
in
g

D
ia
g
no

si
s

W
H
O

cl
as

si
fi
ca

ti
o
n*

C
yt
o
g
en

et
ic
s

G
en

et
ic

al
te
ra
ti
o
ns

(V
A
F
%
)†

A
ss
o
ci
at
ed

co
nd

it
io
ns

21
F

75
E

Fo
llo

w
-u
p

tr
-M

N
tr
-M

N
C
K

D
N
M
T3

A
(3
4)

Pr
ev

io
us

d
ia
g
no

si
s
of

FL

22
M

65
M
YE

/E
Fo

llo
w
-u
p

M
D
S

M
D
S-
SL

D
N
K

D
D
X
41

(4
5)
,
D
N
M
T3

A
(1
4)
,

PH
F6

(1
5)

23
M

65
B

Fo
llo

w
-u
p

sA
M
L

A
M
L-
M
RC

C
K

D
N
M
T3

A
(4
4)
,
JA

K
2
(8
),

TE
T2

(4
6)
,
TE

T2
(4
3)

Pr
ev

io
us

d
ia
g
no

si
s
of

M
D
S

24
M

85
E

Fo
llo

w
-u
p

M
D
S

M
D
S-
M
LD

1
11

N
A

A
M
L,

ac
ut
e
m
ye

lo
id

le
uk

em
ia
;
B
,
b
la
st
s;

C
D
,
co

p
p
er

d
efi

ci
en

cy
;
C
K
,
co

m
p
le
x
ka

ry
ot
yp

e;
C
LL

,
ch

ro
ni
c
ly
m
p
ho

cy
tic

le
uk

em
ia
;
C
S,

co
ng

en
ita

ls
yn

d
ro
m
e;

E,
er
yt
hr
oi
d
;
EB

,
ex

ce
ss

b
la
st
s;

ET
,
es
se
nt
ia
lt
hr
om

b
oc

yt
he

m
ia
;
F,

fe
m
al
e;

FL
,
fo
lli
cu

la
r
ly
m
p
ho

m
a;

H
T,

H
as
hi
m
ot
o’
s
th
yr
oi
d
iti
s;

LO
H
,
lo
ss

of
he

te
ro
zy
g
os

ity
;
M
,
m
al
e;

M
D
S,

m
ye

lo
d
ys
p
la
st
ic

sy
nd

ro
m
e;

M
LD

,
m
ul
til
in
ea

g
e
d
ys
p
la
si
a;

M
RC

,
m
ye

lo
d
ys
p
la
si
a-
re
la
te
d
ch

an
g
es
;
M
YE

,
m
ye

lo
id
;
N
A
,
no

t
ap

p
lic
ab

le
/a
va

ila
b
le
;
N
K
,
no

rm
al

ka
ry
ot
yp

e;
RA

,
rh
eu

m
a-

to
id

ar
th
rit
is
;
RS

,
rin

g
ed

si
d
er
ob

la
st
s;

s,
se
co

nd
ar
y;

SL
D
,
si
ng

le
-li
ne

ag
e
d
ys
p
la
si
a;

tr
,
th
er
ap

y
re
la
te
d
;
V
A
F,

va
ria

nt
al
le
le

fr
eq

ue
nc

y;
U
PN

,
un

iq
ue

p
at
ie
nt

nu
m
b
er
;
V
T,

ve
no

us
th
ro
m
b
oe

m
b
ol
is
m
;
W
H
O
,
W
or
ld

H
ea

lth
O
rg
an

iz
at
io
n;

W
T,

w
ild

ty
p
e.

*
W
H
O

cl
as
si
fi
ca

tio
n
fo
llo

w
s
th
e
20

16
re
vi
si
on

of
th
e
W
H
O

cl
as
si
fi
ca

tio
n
of

M
N
s
an

d
ac

ut
e
le
uk

em
ia
.1
2

†
So

m
at
ic

va
ria

nt
s
re
p
or
te
d
ar
e
th
os

e
d
et
ec

te
d
at

th
e
tim

e
of

co
lle

ct
io
n
of

B
M

sp
ec

im
en

s.
‡
U
B
A
1
m
ut
at
io
ns

w
er
e
d
et
ec

te
d
b
y
Sa

ng
er

se
q
ue

nc
in
g
.

§
Th

is
p
at
ie
nt

ha
d
a
co

p
y-
ne

ut
ra
l
LO

H
in
vo

lv
in
g
m
os

t
of

th
e
lo
ng

ar
m

of
ch

ro
m
os

om
e
21

(2
1q

21
.1
-q
22

.3
)
in

a
sm

al
l
b
ut

si
g
ni
fi
ca

nt
p
er
ce

nt
ag

e
of

th
e
ce

ll
p
op

ul
at
io
n.

Th
is

re
g
io
n
w
ou

ld
en

co
m
p
as
s
th
e
RU

N
X
1
g
en

e,
an

d
th
e
le
si
on

w
as

cl
as
si
fi
ed

as
lik
el
y
p
at
ho

g
en

ic
.

LETTERS TO BLOOD blood® 1 JULY 2021 | VOLUME 137, NUMBER 26 3687

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/137/26/3685/1812103/bloodbld2021010811.pdf by guest on 26 M

ay 2024



blast vacuolization, granulation, and blebbing in the case of high-
risk MNs with chromothripsis.6 Moreover, blast vacuoles predicted
poor overall survival in AML patients undergoing induction che-
motherapy.5 Finally, it is noteworthy that various BM dysplastic
changes have been previously found in patients receiving chemo-
therapy for hematologic malignancies; in the case of vacuolization
of HPs, a putative treatment-related effect may be invoked, espe-
cially in cases where this feature appears in specimens collected
during follow-up.13,14

In conclusion, our study demonstrates that vacuolization of HPs
is an epiphenomenon shared by a variety of underlying disor-
ders. This morphologic finding is not pathognomonic for any di-
agnosis, suggesting the need for a comprehensive clinical
evaluation to guide physicians’ decisions and initial workup. Fur-
thermore, the unique finding of vacuolization in a newly diag-
nosed patient with an MN should prompt the clinician to
evaluate for cooccurring rheumatologic disorders and consider
testing for UBA1 gene mutation if other causes have been ex-
cluded (zinc, copper, and alcoholism).
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Figure 1. Vacuolization of HPs in various condi-
tions. Wright-Giemsa stains (magnification 31000)
showing a representative example of a “blast-
only” pattern of vacuolization in a case with high-
risk MDS (vacuoles in 2 blasts) (A) and vacuoliza-
tion of immature erythroid and myeloid cells in 2
patients with a UBA1 mutation and VEXAS syn-
drome (B-C) and in a patient with copper deficien-
cy (D).
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