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and other developments like modifications to
prolong half-life are more likely to attract in-
vestment and effort. Meanwhile, clinicians
may wonder whether there is a case for treat-
ing PUPs with lower purity plasma-derived
factor VIII after all. ■
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The erythropoietin receptor lends a
Friendly hand
----------------------------------------------------------------------------------------------------------------

Richard A. Van Etten TUFTS-NEW ENGLAND MEDICAL CENTER

An elegant genetic study clarifies the role of the erythropoietin receptor in the
pathogenesis of erythroblastosis and polycythemia induced by Friend virus.

In 1957, Charlotte Friend described erythro-
leukemia in mice that was transmissible by a

cell-free filtrate.1 The retrovirus and disease
that bear her name have proven to be a power-
ful model system for studying erythropoiesis,
erythropoietin signaling, leukemogenesis, and
retroviral pathogenesis.2 Friend virus, a com-
plex of replication-competent helper virus and
replication-defective spleen focus-forming
virus (SFFV), induces disease in susceptible
mice in 2 distinct stages. The initial premalig-
nant phase is characterized by splenomegaly
due to polyclonal expansion of nontrans-
formed erythroblasts. Two different variants
of SFFV (SFFVP and SFFVA) cause either
polycythemia or anemia, respectively, during
this period. Subsequently, clonal erythroleu-
kemia emerges with loss of p53 and frequent
activation of the Ets family transcription factor
PU.1 through proviral insertion. The genetic
basis of the first stage of Friend disease was
clarified by 2 important observations. The first
was the discovery by Li, D’Andrea, and co-
workers3 that the envelope glycoprotein of
SFFVP, gp55P, interacted with and activated
the erythropoietin receptor (EpoR). The re-
lated envelope protein from SFFVA does not
activate EpoR, although both forms of SFFV

can induce erythroid burst-forming units
(BFU-Es) in the absence of Epo. The second
finding was the positional cloning by Ney and
Correll’s group of the
Friend disease suscep-
tibility locus Fv2, a
mouse gene that en-
codes a naturally oc-
curring truncated form
of the receptor tyrosine
kinase STK (sf-
STK).4 Mice lacking
sf-STK do not develop
either erythroblastosis
or erythroleukemia
after Friend virus
infection.

How these 3 trans-
membrane proteins
might function in ery-
throid progenitors is a
mystery. In one model,
gp55 mediates a func-
tional interaction be-
tween EpoR and sf-
STK, analogous to that
demonstrated for
EpoR and another re-

ceptor tyrosine kinase, c-Kit.5 In the current
issue of Blood, however, Zhang and colleagues
use a genetic approach to demonstrate that
gp55 must interact separately with Epo-R and
sf-STK. Balb/c mice (sensitive, expressing
sf-STK) engineered to express a murine EpoR
mutant lacking cytoplasmic tyrosines required
for Stat5 activation were nonetheless suscep-
tible to Friend virus–induced erythroblastosis
and splenomegaly, as were mice lacking both
Stat5a and 5b. Friend virus induced small
splenic foci of erythroblasts but not overt
erythroblastosis after infection of Balb/c fetal
liver cells lacking EpoR, whereas erythroblas-
tosis and splenomegaly were restored by trans-
genic expression of human EpoR, which is not
activated by gp55, at least in cell lines.6 By
contrast, polycythemia induced by SFFVP did
require EpoR and Stat5. These studies, to-
gether with recent observations that gp55 can
also bind and activate sf-STK,7 suggest a
model where gp55 from either SFFV strain
can activate sf-STK and induce erythroblasto-
sis, whereas gp55P causes Epo-independent
terminal erythroid differentiation and polycy-
themia through EpoR and Stat5 (see figure).
These results do not exclude possible indirect
interactions between sf-STK and EpoR (for
example, through JAK2). The reported resis-
tance of human EpoR to activation by gp55P

Model of erythroblastosis and polycythemia induced by Friend virus. The enve-

lope glycoprotein (gp55) of both the anemia (A)– and polycythemia (P)–induc-

ing strains of SFFV induces erythroblastosis and splenomegaly that requires

sf-STK. Only gp55P induces Epo-independent terminal erythroid differentiation,

through EpoR and Stat5. For details, see the complete figure in the article

beginning on page 73.
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also deserves a second look, particularly in
primary cells. Surprises will no doubt con-
tinue to emerge from the rich pathobiology of
Friend virus. ■
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Transfusion tickles T cells through
cross-priming
----------------------------------------------------------------------------------------------------------------
James D. Gorham DARTMOUTH MEDICAL SCHOOL

A mouse model is used to show that RBC surface proteins recognized as foreign can
trigger recipient CD8� T-cell responses even in the absence of donor leukocytes.

B lood transfusion is not an immunologi-
cally inert event. In a relatively short time

frame, the recipient is exposed to a large quan-
tity of polymorphic antigens, and antigen-
specific immune responses can and do de-
velop. The most well-recognized of these is
the development of alloantibodies against
polymorphic epitopes located on red blood cell
(RBC) surface proteins. Alloantibodies are
responsible for delayed hemolytic transfusion
reactions, but when alloantibodies are de-
tected, clinical problems are, for the most part,
fairly easily avoided through the selection of
appropriate, cross-match compatible units.

A less well appreciated immunologic effect
of blood transfusion is the development of
cell-mediated immunity and the induction of
CD8� cytotoxic T lymphocytes (CTLs) with
specificity against polymorphic peptides de-
rived from allelic variants of normal proteins,
also known as minor histocompatibility anti-
gens (MiHAs). This type of immune response
may contribute to the unusually high rates of
rejection of allogeneic bone marrow observed
among patients with sickle cell disease who
undergo HLA-matched bone marrow trans-
plantation (BMT).1 Such patients typically
have received previously numerous blood
transfusions, and may therefore have devel-
oped CTLs with specificity to MiHAs.

The mechanisms involved in the develop-
ment of anti-MiHA CTLs following transfu-

sion are not well understood, but it has been
generally assumed that donor white cells are
important. This belief stems in part from the
demonstrated beneficial effects of leukoreduc-
tion in preventing humoral alloimmune re-
sponses in other transfusion situations,2 as well
as from the ameliorating effects of leukoreduc-
tion in transfusion-associated BMT graft re-
jection in experimental dog models.3

The current study by Zimring and col-
leagues challenges the assumption that a
CD8� T-cell response to RBC-associated
MiHAs cannot occur in the absence of donor
leukocytes. The authors use a well-character-
ized mouse model in which both the antigen
and the responding T cells are known in ad-
vance. The authors prepared highly leuko-
reduced mouse RBCs and then chemically
modified them to express on their cell surface a
xenoantigen— chick ovalbumin (OVA).
These modified RBCs (now expressing a
“MiHA” in the form of the cross-linked OVA)
were transfused into mice that had been pre-
loaded with CD8� T cells capable of recogniz-
ing a peptide from OVA. In response, this
T-cell population greatly expanded. The
transfusion of RBCs modified with an irrelevant

Cross-priming of CD8� T-cell responses to RBC surface antigens. In this highly schematized model, a tran-

fused RBC expressing a polymorphic variant of a cell-surface protein is taken up by a recipient antigen pre-

senting cell. Peptides derived from RBC proteins are loaded onto class I MHC molecules, then shuttled to the

cell surface, where they can stimulate responses in recipient cognate CD8� T cells.
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