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EBV: the virus that keeps on
giving!
Mitchell S. Cairo | New York Medical College

In this issue of Blood, Elitzur et al1 reported that the Epstein-Barr virus (EBV)
is associated with immune deficiency associated lymphoproliferative disor-
ders (IA-LPD) in children treated for acute lymphoblastic leukemia (ALL). EBV
is a family member of the gammaherpesvirus group, sometimes known as
human herpesvirus 4 (HHV-4), and is relatively ubiquitous, infecting 80% to
95% of the human population.2 Immunocompetent hosts generally,
especially young children, are asymptomatic during their primary EBV
infection, although adolescents and young adults often have infectious
mononucleosis symptoms with primary EBV infections.3
Unfortunately, EBV tends to persist life-
long (latency) in human hosts by residing
in the memory B-cells. During periods of
immunoincompetence (due to disease
and/or immunosuppression), EBV reac-
tivation and lytic replication may occur,
sometimes resulting in EBV-associated
malignancies. Previously reported EBV-
associated malignancies include Burkitt
lymphoma, NK/T-cell lymphoma, naso-
pharyngeal carcinoma, Hodgkin lym-
phoma, diffuse large B-cell lymphoma,
gastric carcinoma, HIV-associated
lymphomas, post-transplant lymphoproli-
ferative disease, and IA-LPDs.2 The ability
of EBV to evade both host innate and
adaptive immunity though specific EBV
proteins likely accounts for this
malignant potential.4 Furthermore, we
have previously described a distinctly
different proteome between EBV-
positive and EBV-negative Burkitt lym-
phoma.5 They are 2 subgroups of Burkitt
lymphoma, EBV-positive and EBV-
negative, with a predominance of EBV
positivity in the African subtype and EBV
16 F
negativity in Western Europe and North
America subtypes.

In this issue of Blood, Elitzur et al report
for several international groups ~85
patients with childhood ALL that devel-
oped non-Hodgkin lymphoma (NHL),
approximately two-thirds with mature B-
cell lymphoproliferative disease, 26% with
lymphoblastic lymphoma and the
remainder minority with peripheral T-cell
lymphoma or NHL NOS over a span of 38
years.1 Importantly, among these 85
cases, two-thirds demonstrated histologi-
cal characteristics associated with
immune deficiency associated lympho-
proliferative diseases (IA-LPD) with pre-
dominant evidence of EBV driven
lymphoproliferation.1 More than 80% of
these cases occurred either during ALL
maintenance chemotherapy or within 6
months following the end of mainte-
nance therapy.1 Treatment varied but
included stopping maintenance therapy,
rituximab immunotherapy, rituximab plus

chemotherapy alone. Despite the
majority of these patients presenting
with stage III/IV disease, the outcome
was somewhat better than that
predicted with a probability of 5 years
EFS and OS of 66.6% (95% CI,
55.3-80.1) and 67.4% (95% CI, 56-81),
respectively and 5 years cumulative risk
of mortality secondary to lymphoid
neoplasm of 20.2% (95% CI, 10.2-30)
and underlying leukemia mortality of
12.4% (95% CI, 2.8-22). Interestingly, in
the multivariable analysis, only the
presence of hemophagocytic lympho-
histocytosis at diagnosis was the only
variable associated with increased risk of
mortality (HR, 7.2; 95% CI, 1.62-32.98)
(P = .01).1

This report represents the largest series
of these cases to date. The authors
should be congratulated on the exten-
sive analyses they performed through
the Ponte di Legno childhood ALL con-
sortium that included 12 international
consortia, the international surveys per-
formed through the International BFM
Study Group (I-BFM) and St Jude Global,
and extensive literature searches to
identify and classify all cases. Although
the authors suggest that maintenance
therapy during childhood ALL treatment
resulted in an “immunocompetent state”
thereby creating an immunodeficient
environment that facilitated EBV reac-
tivation and EBV-associated oncogenesis,
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Potential mechanisms and treatment of EBV-associated immune deficiency associated- lymphoproliferative disorders (IA-LPD) in children treated for acute lymphoblastic
leukemia. Professional illustration by Patrick Lane, ScEYEnce Studios.
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they were unfortunately unable to
investigate the specific immunodefi-
ciencies associated with each patient to
confirm this hypothesis. Despite this
limitation, this observation is highly
suggestive of a secondary immunodefi-
cient state during routine maintenance
childhood ALL treatment, which pre-
disposes a small group of patients to
develop EBV-associated IA-LPD. One
hypothesis that is not fully discussed is
whether some of the patients may have
had a subtle primary immunodeficiency,
which contributed to the development of
both primary ALL and secondary IA-LPD.
In the future, we will have tools to easily
diagnose subtle forms of primary immu-
nodeficiency at the time of diagnosis in all
children with ALL to determine whether
this is the causative mechanism.

What are the potential mechanisms
responsible for these astute observations.
As the authors pointed out in their discus-
sion, both methotrexate and thiopurines
(6-MP) have previously been associated
with IA-LPDs.6,7 Other potential
mechanisms include chemotherapy
induced lymphopenia, T-cell immunodys-
function, and/or chemotherapy associated
innate immunodeficiency (see figure).8 As
with most EBV-associated IA-LPD, rapid
690 16 FEBRUARY 2023 | VOLUME 141, N
restoration of EBV-specific T-cell immunity
is critical to eradicating these EBV-
associated LPDs. Recently, we and others
have investigated the use of EBV-specific
adoptive T-cell therapy with either third-
party (HLA ≥ 1 match) cytotoxic T cells
manufactured by ex vivo expansion or
second-party/haploidentical EBV-specific
cytotoxic T-cell lymphocytes obtained by
enriching familial haploidentical memory
EBV-CTLs utilizing the Cytokine Capture
System in patients with persistent EBV-
associated infections and T-cell immuno-
deficiency.9,10 These new cellular therapy
approaches to boost and rapidly restore
EBV T-cell immunity may become more
universally available in the future for the
treatment of these patients who have
already been heavily treated. Lastly, how
much ALL maintenance therapy is really
needed? Are there subsets of children
with ALL who are genetically predisposed
to developing IA-LPDs, where less main-
tenancemaybemorebeneficial in the long
run? As with most thought provoking
studies, such as this one, sometimes the
results precipitate more questions than
answers and require future investigations.
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C1q helps AML to
disseminate and resist
Etienne Lengliné | Ho
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In this issue of Blood, Yang et al1 identified that the complement component
1q (C1q) may facilitate both the dissemination of acute myeloid leukemia
(AML) outside the bone marrow and relapse.
89/2033037/blood_bld-2022-018748-c-m
ain.pdf by guest on 29 M

ay 2024
The common idea that AML is a homo-
geneous disease of the bone marrow is
challenged by the occurrence of extra-
medullary infiltrations (EMIs). EMIs can
usually take the form of either diffuse
organ infiltration (lungs, liver, spleen,
gums, and meninges) or localized dis-
ease in the form of a mass (chloroma or
granulocytic sarcoma), nodules/plaques
in the skin (leukemia cutis), or other
organs, identifiable clinically or by mor-
phometabolic imaging.2

The clonal architecture of AML has mainly
been studied in the bone marrow.3

However, the spatial diffusion in the body
remains poorly understood. EMI is a
frequent problem in the clinic, and its role
in relapse after chemotherapy or after
allogeneic stem cell transplantation is
rarely explored in the literature. Indeed,
as recently reviewed,4 cohort studies
reported conflicting prognostic impli-
cations of EMI. In a large retrospective
series of the ECOG-ACRIN Cancer
Research Group Trials, from 1980 to
2008, no prognostic influence of EMI at
diagnosis was found after adjustment with
multivariate analysis.5 For all of these
review studies, the morphologic
assessment of EMI has to be made with
caution as retrospective classification
always carries the risk of bias.

Certain characteristics, including genomic
(such as AML with t(8;21)(q22;q22.1) and
AML with inv(16)(p13.1q22)) and/or CD56
adhesion protein expression, have long
been known to have a greater propensity
to disseminate outside the bone marrow,
suggesting that features intrinsic to the
leukemic cell may be responsible for
extramedullary spread. Nonetheless, the
observed correlations are not strong
enough to have clinical or therapeutic
implications at the individual level. Finally,
as little was known about the mechanisms
responsible for EMI, the relationship
between leukemic and tissue stromal cells
in this context was unknown, as was a
possible biological link with leukemic
resistance or persistence.

In this article, the authors took advan-
tage of a case of relapsed AML, using
leukemic skin lesions to decipher the
intrinsic biological differences of blast
cells according to their body distribu-
tion. Exploiting analysis of cells present
in the bone marrow and the skin by
single-cell RNA sequencing, the authors
were able to uncover a subpopulation of
16 F
blast cells with characteristics close to
macrophages and whose transcriptome
was significantly different in the skin than
in the bone marrow. They found in this
cluster particularly higher levels of C1q in
the EMI lesion.

They then confirmed on tumor samples
from other patients as well as on cohort
data with publicly available genetic data
that AMLwith EMI expressed higher levels
of C1q and that this level increased with
relapse. An association with Dnmt3a
mutations, an unfavorable European Leu-

a worse prognosis of C1q AML were also
reported. Interestingly, the patient-
derived xenograft (PDX) of C1q leukemic
cells into immunodeficientmice confirmed
the advantage of these cells to form
extramedullary lesions (see figure). C1q
blast cells did not show lower sensitivity
to chemotherapy but had a greater
capacity to migrate and adhere to the
stroma. These blasts cells were
stimulated by interaction with fibroblasts
and the secretion of transforming growth
factor-β (TGF-β), similar characteristics of
macrophages associated with tumors.
Coculture of fibroblasts and C1q
leukemia cells increased resistance to
chemotherapy and increased the
secretion of extracellular matrix, which
may also be involved in treatment
resistance. Finally, Yang et al show that
C1q is regulated by the transcription
factors MAFB and TGF-β. However, it is
not clear whether this deregulation is
inherent to genetic alterations in tumor
cells or related to external factors, such as
the cytokine peritumoral environment,
like interleukin-10 or TGF-β itself.

In recent years, several research studies
have described new physiological func-
tions (apart from the activation of the
classic complement pathway) of the hex-
americ glycoprotein C1q, which is related
to the tumor necrosis factor-α–like protein
family.6 Recent studies have also shown
that the globular C1q receptor (gC1qR)
is an important regulator of metastasis
formation via the activation of receptor
tyrosine kinases in solid tumors.7 The
work of Yang et al is of particular
interest because it shows the role of
fibroblast in leukemia. One may then
wonder if macrophage-like C1q+ blast
cells play a role close to the already
famous macrophages associated with
solid tumors, whose interaction with
tumor-infiltrating fibroblasts participates
EBRUARY 2023 | VOLUME 141, NUMBER 7 691
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