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Iron metabolism as a novel
therapeutic target

Paul J. Farrell | Imperial College London

In this paper, Wang et al’ analyzed Burkitt lymphoma cells by using a relatively
new, general method for finding potential therapeutic target genes in cancer.
They showed that the protein product of the CYB561A3 gene is the key lyso-
somal iron reductase that is necessary for Burkitt B-cell growth and survival. A
specific inhibitor of the CYB561A3 protein may therefore be a candidate gene

for Burkitt lymphoma therapy.

The experimental approach involved lenti-
virus expression of libraries of CRISPR
single-guide RNAs (sgRNAs) in a Burkitt
lymphoma cell line and in a suitable

control cell line. An Epstein-Barr virus
(EBV)-transformed B lymphoblastoid cell
line was used as the control. After the
resulting populations of cells grew out,
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Transport of Fe** iron into cells on transferrin via the TFRC transferrin receptor and reduction of Fe** in the lyso-
some to Fe?", either by STEAP3 or by CYB561A3. The divalent metal transporter DMT1 transfers Fe?" into the
cytoplasm to participate in further cell metabolism. The figure has been adapted from Figure 7 in the article by
Wang et al, which begins on page 2216. Professional illustration by Patrick Lane, ScEYEnce Studios.

sequencing revealed which guide RNAs
were depleted specifically in the Burkitt
lymphoma cell line; therefore, the genes
they targeted were necessary for growth
or survival of those cells. The sgRNA librar-
ies contain multiple sgRNAs per messen-
ger RNA, so finding that all 4 CYB561A3
sgRNAs were missing gave a good
degree of confidence that this gene would
be essential in the Burkitt lymphoma cells.
There is already a database of such
screenings in many different cancer cell
lines (DepMap?) and this supported the
uniqueness of the role of CYB561A3 in
the several Burkitt lymphoma cell lines
(with or without EBV) that were tested.
Three other lymphoma cell lines in
DepMap were also dependent on
CYB561A3, but to a lesser degree.

Knockout of CYB561A3 in the Burkitt lym-
phoma cells caused a G,M arrest of the
cell cycle and lysosome and mitochondrial
damage, with eventual cell death. RNA
sequencing analysis of Burkitt cells after
knockdown of CYB561A3 showed strong
induction of the transferrin receptor
TFRC, indicating a loss of bioavailable
iron in the cell. Correct iron metabolism
with maintenance of a suitable balance
of Fe?* and Fe** is known to be essential
for cell survival.® Detailed analysis showed
that the key difference between Burkitt
lymphoma cells and the control lympho-
blastoid cell lines is in the 2 different path-
ways they use to maintain iron reduction
levels. In lymphoblastoid cell lines, the
STEAP3 protein uses reduced NAD phos-
phate as an electron donor for this, but the
Burkitt lymphoma cells depend on
CYB561A3, which uses ascorbate as its
electron donor (see figure).

MYC is a transcription factor, whose gene
is characteristically subject to a chromo-
somal translocation in Burkitt lymphoma,*
with consequent deregulated expression
of MYC protein. In addition to its effects
on cell proliferation and apoptosis, MYC
regulates several genes involved in iron
metabolism, including TFRC and the fer-
rous iron transporter DMT1.° There is
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therefore an inherent link between Burkitt
oncogenesis and iron metabolism that
may be manifested in the apparently
unique dependence of Burkitt cells on
the CYB561A3 pathway. Iron deficiency
is frequent in patients who have holoen-
demic malaria, which is a key risk
factor for endemic Burkitt lymphoma.
Wang et al therefore speculate that
CYB561A3 ferrireductase activity offers a
selective advantage to EBV-infected B
cells at a particular stage of transforma-
tion, perhaps also relevant to develop-
ment of endemic Burkitt lymphoma.

There is currently no specific inhibitor of
the CYB561A3 iron reductase available
and further validation of the unique role
of CYB561A3 will be needed, for exam-
ple, in knockout mice before preclinical
development. There is a long way to go
before creating a CYB561A3 targeted
drug for Burkitt lymphoma, but Wang et
al offer an excellent demonstration of
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to identify cell proteins that could
become specific targets for novel cancer
therapies.
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The study conducted by Mosca et al’ in this issue of Blood details the
analysis of serial blood samples from 48 patients with chronic
myeloproliferative neoplasms (MPNs) treated with interferon « (IFNa)
over a 5-year period. This elegant work examines the impact of IFN« ther-
apy on the clonal dynamics of malignant hematopoietic stem and progeni-
tor cells (HSPCs) and identifies driver mutation type, JAK2V6217F
homozygosity, and IFNa dose as independent predictors of therapeutic
response. Specifically, these results indicate that progenitor cells harbor-
ing homozygous JAK2V617F were more susceptible to lower doses of
IFNa than heterozygous cells, and CALR type 2 mutant-bearing progeni-
tors were more effectively targeted than type 1-positive cells. Using math-
ematical modeling and a statistical inference method, the authors
concluded that IFNa was able to exhaust the JAK2V617F hematopoietic
stem cell (HSC) pool through induction of differentiation. In the case of
mutant CALR, this effect was preferentially seen in type 2 mutants. Addi-
tionally, IFNa was more effective in activating (ie, exiting from quiescence)
JAK2V617F homozygous over heterozygous HSCs. These studies dissect
the differential effects of IFN« on the hematopoietic cell compartments
and highlight the influence of MPN driver mutation on clonal dynamics.
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IFNa has been used for decades to treat
hematologic malignancies and, before
the advent of tyrosine kinase inhibitors,
was the agent of choice to induce hema-
tologic, cytogenetic, and even molecular
responses in a subset of patients with
BCR-ABL1-positive  MPN. Numerous
studies have revealed the pleiotropic
effects of IFNa on the malignant cell pop-
ulation, including enhanced immune
response, induction of apoptosis, inhibi-
tion of angiogenesis, and exiting from
cellular quiescence, which are expertly
reviewed elsewhere.?

Whether the molecular observations of
Mosca et al can be effectively integrated
into routine care of patients with MPN in
determining appropriate patient selec-
tion and dosing of IFNa based on geno-
type requires validation in a prospective
trial. For example, should patients with
essential thrombocythemia (ET) and poly-
cythemia vera (PV) harboring JAK2V617F
be treated with a continued upward titra-
tion of IFNa to a maximally tolerated
dose to optimize the effect on the MPN
HSCs and maximize the opportunity to
attain a molecular response? Conversely,
should ET patients harboring CALR type
1 mutation be maintained on lower doses
with a different expectation of molecular
response kinetics? These types of treat-
ment decisions would also need to be
balanced with the well-described grade
3/4 treatment toxicities and quality-of-
life impact that can be associated with
prolonged IFNa therapy (see figure).

[tis important to emphasize that the current
primary goal of therapeutic intervention in
ET and PV is to reduce the incidence of
thrombohemorrhagic events. The ET/PV-
based risk stratification systems used in clin-
ical practice identify those patients at
increased risk of thrombosis. Cytoreduction
with hydroxyurea (HU) or IFNa are consid-
ered first-line treatment options for PV
and, additionally, anagrelide can be
used for ET. Recently published random-
ized phase 3 clinical trials (PROUD/
CONTINUATION-PV and Myeloprolifer-
ative  Disorders-Research ~ Consortium
112) comparing HU to IFNa found superior
hematologic and molecular responses with
IFNa over extended treatment periods (ie,
after 2 years of therapy).>* However, nei-
ther trial was conducted for the purpose
of nor is capable of confirming superiority
of reduction in the rate of thrombosis or
freedom from progressive disease. The

¥20g dunr 0 uo }senb Aq Jpd'0980€ 101 Z0ZPIAPO0IA/9918781/SS 1 2/22/8E | /#Pd-aloe/poojq/ieu-suoneoligndysey/:dpy woy papeojumog


http://www.bloodjournal.org/content/138/22/2231
http://www.bloodjournal.org/content/138/22/2231

