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Going solo in iron transport
Karin E. Finberg | Yale School of Medicine

In this issue of Blood, Parrow et al demonstrate that the 2 monoferric forms of
transferrin (Tf), the major plasma glycoprotein involved in cellular iron de-
livery, have functionally distinct effects on erythropoiesis and systemic iron
regulation.1

Synthesized by hepatocytes and secreted
into the plasma, the glycoprotein Tf chap-
erones iron throughout the body. After
binding to the Tf receptor (TfR1), iron-bound
Tf is taken upby cells via clathrin-dependent
receptor-mediated endocytosis, and iron
is liberated from Tf within the cell.2 Tf is a
bilobed, 80-kDa protein that binds one
ferric (31) ion per lobe with extremely
high affinity (see figure).3 Thus, 4 distinct
Tf species, which differ in the amount
and/or distribution of bound iron, may
circulate in the plasma. Because the diferric
form of Tf has much higher affinity for the
Tf receptor than monoferric Tf,4 diferric Tf
is believed to be the major form of Tf that
mediates iron delivery to erythroid cells.
The specific contributions of themonoferric
forms of Tf in mammalian physiology have
remained unclear.

Parrow et al describe 2 novel transgenic
mouse models in which the iron-binding

capacity of Tf has been lost from the
amino-terminal (N) lobe or the carboxy-
terminal (C) lobe because of the mutation
of specific tyrosine residues that normally
coordinate iron.Mice homozygous for either
the N-lobe–blocked or C-lobe–blocked form
of Tf showed a reduction in the total iron-
binding capacity of serum, as would be
expected with a reduced number of iron-
binding sites on Tf. In addition, both mu-
tants showed an increase in the proportion
of Tf iron-binding sites that were occupied
by iron (ie, the percent Tf saturation). While
maintaining serum iron levels within the
normal range, mice homozygous for each
Tf mutation displayed microcytic anemia
that was accompanied by biochemical
evidence of iron-restricted heme synthesis.

Intriguingly, although both Tf mutants
were anemic, they exhibited differences
in erythropoietic-related parameters. The
C-lobe–blocked mutant showed a lower
mean corpuscular volume and a higher
red blood cell count, while the N-lobe–
blocked mutant showed a lower hemo-
globin level and a higher level of serum
erythropoietin (EPO). Analysis of EPO-
mediated events (ie, AKT phosphorylation,
erythroferrone expression) suggested a
relative impairment in erythropoietic
responses to EPO in the N-lobe–blocked
mutant comparedwith theC-lobe–blocked
mutant. In addition, the N-lobe–blocked mu-
tant failed tomount a hematologic response
following exogenous EPO administration,
whereas the C-lobe–blocked mutant
showed a hematologic response to ex-
ogenous EPO that was even more robust

than that of wild-type controls. Compared
with wild-type controls, both Tf mutants
developed hepatic iron overload, which
was accompanied by relatively low serum
levels of the iron regulatory hormone
hepcidin. However, the N-lobe–blocked
mutant showed lower serum hepcidin
and higher liver iron content than the
C-lobe–blocked mutant, suggesting dif-
ferential effects on systemic iron regula-
tory mechanisms.

The study by Parrow et al demonstrates
that monoferric forms of Tf are functionally
important and mediate biologically distinct
effects. The fact that both the N-lobe–
blocked and the C-lobe–blocked Tf mouse
mutants were viable and grew normally
suggests that each monoferric form of Tf
is capable of mediating iron delivery to
tissues. Although monoferric forms of Tf
deliver less iron than diferric Tf per each
endocytic cycle, the anemia in the 2
monoferric Tf mutants indicates that their
erythroid precursors are unable to upre-
gulate TfR1 expression sufficiently to com-
pensate andmaintain normal erythropoiesis.

The Parrowet al study also raises a number
of questions about the underlying mecha-
nismsdriving the erythropoietic and hepcidin
responses observed in the 2 Tf mutants.
For example, could their phenotypic dif-
ferences be explained by differing affinities
of the monoferric forms of Tf for Tf re-
ceptors in vivo, or alternatively, by differing
effects of each bound form of monoferric
Tf on Tf receptor function? Notably, in
addition to serving as a ligand for TfR1, Tf
also binds the homologous receptor TfR2,
which has amuch lower binding affinity for
Tf and has thus been proposed as a sensor
of alterations in Tf saturation.5 In contrast
to the broad tissue expression of TfR1, the
expression of TfR2 seems to be restricted
to a smaller set of tissues, includingerythroid
progenitors and hepatocytes. Although
TfR1 mediates iron uptake by erythroid
cells, TfR2 is important for the stability of
the EPO receptor and seems to modulate
the response to EPO according to iron
availability.6 In the liver, TfR2 plays a crit-
ical role in regulating hepcidin production,

Tf

Fe

TfR
Tf

N lobeC lobe

Fe

The plasma glycoprotein Tf binds up to 2 ferric (Fe31)
ions per molecule. Iron-bound forms of Tf bind to the
Tf receptor (TfR) to deliver iron to cells. Tf is a bilobed
protein that contains an iron binding site within each
lobe. Thus, themonoferric forms of Tf carry iron in either
their amino-terminal (N) lobe or carboxy-terminal (C) lobe.
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because its loss results in a hemochroma-
tosis phenotype characterized by hepcidin
deficiency and liver iron loading.5 By con-
trast, loss of TfR1 in hepatocytes results
in low hepatic iron content that is accom-
panied by an inappropriate elevation of
hepcidin.7

The Tf receptor (TfR1) functions as a homo-
dimeric transmembrane protein in which
each TfR1monomer binds 1 Tfmolecule in
its ectodomain. Structural studies indicate
that the N- and C-lobes of Tf have distinct
sites of physical contact with TfR1, such
that the C-lobe interacts with the side of
the TfR1 homodimer, whereas the N-lobe
resides between the TfR1 ectodomains
and the cell membrane.8,9 It is possible
that the interactions of TfR1 (or TfR2)
with other proteins, such as the hemo-
chromatosis protein HFE, may be differ-
entially modulated by each monoferric
form of Tf, thereby having an impact on
downstream signaling events. Whether
specific phenotypes observed in the N-lobe
and C-lobe Tf mutants can be attributed
to the presence of iron in a particular lobe
or the absence of iron from the alternative
lobe is not yet clear.

In terms of clinical relevance, the findings
of Parrow et al raise the possibility that
quantification of the different iron-bound
forms of Tf might have value in clinical
settings associated with EPO resistance,
whereasadministrationof theC-lobe–blocked
form of Tf might provide a means to
increase EPO sensitivity. Of note, a
relative shift toward monoferric forms of
Tf is expected in hypoferremic states.
Thus, an improved understanding of
mechanisms by which the monoferric
forms of Tf impact erythropoiesis and
systemic iron regulation may provide
physiological insights that are particu-
larly relevant to clinical settings such as
iron deficiency anemia and the anemia
of inflammation.

Conflict-of-interest disclosure: K.E.F. declares
no competing financial interests. n

REFERENCES
1. Parrow NL, Li Y, Feola M, et al. Lobe specificity

of iron binding to transferrin modulates murine
erythropoiesis and iron homeostasis. Blood.
2019;134(17):1373-1384.

2. Luck AN, Mason AB. Transferrin-mediated
cellular iron delivery. Curr Top Membr. 2012;
69:3-35.

3. Aisen P, Leibman A, Zweier J. Stoichiometric
and site characteristics of the binding of iron to

human transferrin. J Biol Chem. 1978;253(6):
1930-1937.

4. Huebers HA, Csiba E, Huebers E, Finch CA.
Competitive advantage of diferric transferrin in
delivering iron to reticulocytes. Proc Natl Acad
Sci U S A. 1983;80(1):300-304.

5. Worthen CA, Enns CA. The role of hepatic
transferrin receptor 2 in the regulation of iron
homeostasis in the body. Front Pharmacol.
2014;5:34.

6. Camaschella C, Pagani A, Nai A, Silvestri L. The
mutual control of iron and erythropoiesis. Int
J Lab Hematol. 2016;38(suppl 1):20-26.

7. Fillebeen C, Charlebois E, Wagner J, et al.
Transferrin receptor 1 controls systemic iron

homeostasis by fine-tuning hepcidin expression
to hepatocellular iron load. Blood. 2019;133(4):
344-355.

8. Cheng Y, Zak O, Aisen P, Harrison SC, Walz T.
Structure of the human transferrin receptor-
transferrin complex. Cell. 2004;116(4):565-576.

9. Eckenroth BE, Steere AN, Chasteen ND, Everse
SJ, Mason AB. How the binding of human
transferrin primes the transferrin receptor
potentiating iron release at endosomal pH.
Proc Natl Acad Sci USA. 2011;108(32):
13089-13094.

DOI 10.1182/blood.2019003019

© 2019 by The American Society of Hematology

CLINICAL TRIALS AND OBSERVATIONS
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TFH lymphomas: the times
they aza-changin’?
David M. Weinstock1 and Steven M. Horwitz2 | 1Dana-Farber Cancer Institute;
2Memorial Sloan Kettering Cancer Center

In this issue of Blood, O’Connor and colleagues1 report a phase 1 study
of romidepsin combined with oral azacytidine in patients with relapsed/
refractory (R/R) lymphomas, including complete remissions among 3 patients
with angioimmunoblastic T-cell lymphoma (AITL) and single patients with
multiple other lymphoma subsets.

Come writers and critics
Who prophesize with your pen

And keep your eyes wide
The chance won’t come again

—BOB DYLAN

Three laments begin nearly every man-
uscript, grant application, and lecture on
peripheral T-cell lymphomas (PTCLs): (1)
these diseases are poorly understood,
(2) they confer a dismal prognosis, and
(3) targeted therapies are desperately
needed. To wit, the PTCL subtype with
highest incidence (among.30 subtypes)
is NOS, an acronym for “Not Otherwise
Specified” that may as well stand for
“No Obvious Solution.” Between 75%
and 90% of patients with common PTCL
subtypes historically succumbed to their
disease.2 Cyclophosphamide, doxorubi-
cin, vincristine, and prednisone (CHOP)
remains the first-line treatment of most
PTCL because there are no randomized
trials showing an advantage for anything
else.3 Agents approved in the United
States for the treatment of R/R PTCL in-
clude histone deacetylase inhibitors and

the antifolate pralatrexate. These drugs
induce responses in 25% to 30% of
patients with median duration of only
4 months.

One approach for improving outcomes
in patients with PTCL is to develop subset-
specific therapies that either target drug-
gable vulnerabilities or build on empiric
observations. For example, the anti-
CD30 antibody-drug conjugate (ADC)
brentuximab is highly active in patients
with anaplastic large-cell lymphoma (ALCL),
a subset of PTCL that expresses CD30 on
the surface of all lymphoma cells. Approx-
imately two-thirds of patients with un-
treated ALCL who received CHP (CHOP
without the vincristine) plus brentuximab
in the ECHELON-II study had .2-year
disease-free survival.4 The large major-
ity of those patients are likely to be cured.
A subset of patients with other subtypes
of PTCL who highly express CD30 may
also benefit from CHP-brentuximab.4

An important lesson of ECHELON-II is that
regimens of cytotoxic agents (including the
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