
in human hepatocytes (hepG2 cells), and
recombinant FVIII, which is produced in
Chinese hamster ovary cells, but more
studies are needed to understand cell-
type-specific modifications during FVIII
synthesis or secretion. In clinical studies, the
authors showed that joint bleed frequency,
the major clinical efficacy measure of gene
therapy, is highly correlated with FVIII ac-
tivity by both CS and OS, confirming the
clinical relevance of each assay.

To investigate kinetics in the OS assay,
Rosen et al investigated reaction kinetics
in samples from 2 gene therapy recipi-
ents. They show that the higher OS than
CS activity in transgene-produced FVIII,
as compared with native (wild-type) FVIII,
is likely caused by rapid onset of co-
agulation in theOS assay (see figure). The
transgene-produced FVIII accelerates
early FXa formation and thrombin acti-
vation leading to earlier visible clot for-
mation in the OS assay, which is read
within the first 1 to 2 minutes of the co-
agulation reaction. By contrast, the CS
assay, which measures FVIII activity in
the Coatest by color intensity after a
5-minute incubation, is unaffected by the
early reaction, resulting in lower FVIII
activity than by OS assay. Thus, the dif-
ference between assays and samples is
due to the more rapid onset of co-
agulation in the OS assay. The CS has
been chosen as the standard for he-
mophilia AAV gene therapy trials, with
its broad utility for non-native FVIIIs and
conservative measure of hemostasis
allowing efficacy comparisons between
various FVIII products. It is noteworthy
that many coagulation laboratories do
not perform chromogenic assays. Thus,
one consideration may be the develop-
ment of an OS/CS conversion to allow for
activity interpolation in the CS assay, but
this would require a thorough, laboratory-
specific evaluation.

Finally, although these studies involve
in vitro measures of transgene-produced
FVIII activity, many challenges remain in
hemophilia gene therapy. Identifying the
optimal factor level for efficacy, assuring
safety, and ultimately understanding
durability and the reason factor levels fall
with time are of critical importance. The
recent decision by the US Food and Drug
Administration to require longer term
data on AAV-BDD-FVIII gene therapy
recipients should provide much needed
insight. Going forward, it will be critical to
routinely obtain liver biopsies,6 which are

performed safely in hemophilia patients
by the transjugular route,7 to improve
our understanding of the intracellular
processes involved after the gene DNA
is directed into the nucleus, assumes
episomal configuration, and transcribes
RNA and translates FVIII protein. What
level of integration occurs? What is the
cause of periodic transaminase eleva-
tion? Why are factor levels so variable,
even with the same vector-gene dose
within the same study?Does endoplasmic
reticulum (ER) stress and ER protein mis-
folding in hepatocytes occur in gene
therapy recipients, as observed in mice
after receiving AAV-BDD-FVIII,8 and
does FVIII accumulate in an aggregated,
amyloid-like globular form in the ER9 and
contribute to variability and reduced du-
rability? Measure for measure, the next
studies to advance the field of hemophilia
gene therapy are daunting.
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Comment on Grey et al, page 2535

Making a bet on RET for
hematopoietic stem
cell expansion
Kristin J. Hope | University Health Network; University of Toronto

In this issue of Blood, Grey et al have shown that stimulation of the receptor
tyrosine kinase RET allows for significant expansion of cord blood hemato-
poietic stem cells (HSCs).1

The ability of HSCs to regenerate a com-
plete and lasting hematopoietic system
underpins the effectiveness of HSC trans-
plantation, which provides lifesaving
treatment of a multitude of malignant
hematopoietic diseases and immune
disorders. Unfortunately, allogeneic HSC
transplantation as a treatment option is
often precluded by the inability to find a

matched bone marrow or mobilized pe-
ripheral blood donor. Cord blood HSCs
represent a potential solution given their
ready availability and reduced propensity
to induce graft-versus-host disease.
However, the number of HSCs per cord
product remains an obstacle for adult
transplantation.2 Moreover, the amplification
of HSC numbers prior to transplant has been
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difficult due to their rapid differentiation and
loss in culture. This same limitation also
presents a critical challenge for emerging
gene therapy strategies that aim to capitalize
on state-of-the-art genomeengineering tools
to tailor HSCs in the dish prior to trans-
plantation. To address these issues, identi-
fying agents that promote ex vivo HSCs
expansion is a logical approach. Although
there have been recent advances, most no-
tably the AHR antagonist SR1 and the small-
molecule UM171, improvements that could
allow for HSC expansion with limited ex-
haustion will require a more complete ac-
counting of the extrinsic inputs and intrinsic
programs HSCs capitalize on to ensure their
self-renewal.3,4

Nervous system cells have been found in
close proximity to HSCs in hematopoietic
microenvironments. Their role in influ-
encing HSC fate decisions is also gaining
attention.5 RET is well known as a neu-
ronal receptor that receives signals from the
glial-derived neurotrophic factor (GDNF)
familyof ligandsand their coreceptors.6 Prior
work, using constitutive and conditional
knockout mouse models, has shown that
RET expression on HSCs is required for
their survival and function.7 In contrast,
RET signaling stimulation in culturedwild-
type mouse HSCs enhances expression of
the cell survival factor Bcl2 and results in

their ability to generate greater outputs of
progeny in vitro and upon transplantation.
Despite the HSC-supportive role shown
for RET in themouse context, whether this
receptor and its downstream signaling axes
may function to promote human HSCs has
not yet been evaluated.

Working with primitive cord blood cells,
Grey et al identified RET as one of the
most differentially active kinases in stem
cell–enriched fractions compared with
more committed progenitors. They found
an approximately fourfold higher frequency
of functional HSCswithin the subset of REThi

as compared with RETlo cells. The effects of
RET agonism on human HSCs were ex-
ploredbyproviding theprimary RET ligand/
coreceptor GDNF/GFRa1 to these cells in
culture. Using a limiting dilution analysis
strategy for retransplanting cells from pri-
mary animals reconstituted with GDNF/
GFRa1 or control treatedHSCs, the authors
demonstrated that RET stimulation in vitro
resulted in the production of 30 times more
long-term HSCs. Interestingly, this expan-
sion was superior to that achieved by a
combination SR1/UM171 treatment, which
yieldeda15-foldexpansion. Theauthors then
monitored the dynamic molecular changes
that occurred following RET stimulation.
Their analyses indicated that GDNF/
GFRa1 propagates downstream signaling

that converges on antiapoptosis and anti-
inflammation through the activation of
the AKT and ERK pathways, interleukin
signaling, and the NFkB/p53/BCL2 axis
(see figure).

The Grey et al study is notable for its
explorationofmolecularmechanismthrough
surveying phosphoprotein changes. In
particular, the authors use kinome profiling
followed at the single-cell level by mass
cytometry validations. This is a good
strategy to uncover key alterations upon
activation of an established receptor ty-
rosine kinase like RET; however, it is not
often implemented in favor of techniques
like transcriptomics that have traditionally
been more amenable to use for small cell
populations. Using this approach, the au-
thors found that GDNF/GFRa1-induced
posttranscriptional and posttranslational
(phosphoprotein-level) changes were more
important than transcriptional changes in
modulating central effectors. These results
point to the potential for advances in low-
input, highly multiplexed protein level
measurements to unveil overlooked, yet
critical mechanisms of action for other HSC
regulators.

In the future, it will be important to pin
down the extent to which the in vitro acti-
vation of RET signaling is able to expand
human HSCs prior to transplant, as well as
to determine whether expansions can be
further optimized and scaled up. This may
include exploring the effects of stimulation
over longer culture times (beyond the
7 days tested here), optimizing GDNF/
GFRa1 dosing and testing of synergies with
other proven approaches for promoting
HSCs ex vivo, such as fed batch systems
and low-albumin conditions.8,9 In summary,
the Grey et al discovery of the importance
of RET and its stimulation in expanding
human HSCs deepens our understanding
of conservedHSC controlmechanisms. This
study links an environmental factor and its
receptor with the intracellular propagation
of a concerted network of stem cell–
promoting signals. At the same time, this
work offers promising insights into new
avenues that may advance HSC-based re-
generative therapeutics.
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GDNF/GFRa1 induces an array of downstream responses upon associating with the RET receptor in cultured cord
blood HSCs. Illustrated pathways were identified through a combination of kinome profiling, mass cytometry, and
assessment of RNA level changes. Activating (green) and inhibiting (red) phosphorylations, protein levels or RNA
levels, and proposed modes of action are shown. Altogether, RET stimulation promotes a coordinated program of
increased HSC proliferation, survival, and resistance to oxidative stress to potentiate HSC expansion. See Figure 5E
in the article by Grey et al that begins on page 2535.
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Comment on Kim et al, page 2548

Is the CNS-PINK the new
CNS risk model in ENKTL?
Fredrik Ellin1 and Kerry J. Savage2 | 1Lund University; 2BC Cancer

In this issue of Blood, Kim and colleagues sought to develop a much needed
clinical predictor of central nervous system (CNS) relapse in extranodal natural
killer (NK)/T-cell lymphoma (ENKTL).1 Because CNS relapse in lymphomas is
an uncommon but often devastating event, recent efforts have focused on the
identification of high-risk patients to consider for CNS diagnostic tests and up-
front treatment modifications.

CNS relapse occurs almost exclusively in
aggressive lymphomas, including Burkitt
lymphoma, which is associated with a
very high risk. In addition, “double-hit”
high-grade B-cell lymphomas, in partic-
ular, those that harbor MYC/BCL2 (6
BCL6) rearrangements and those with
high-grade morphology, are also asso-
ciated with an elevated CNS relapse risk.
Apart from these specific subtypes, ad-
ditional risk factors associated with CNS
relapse have been most extensively ex-
plored in diffuse large B-cell lymphoma
(DLBCL). Advanced stage disease, exten-
sive extranodal (EN) involvement, and spe-
cific anatomic localizations, such as testicular
involvement, have been consistently asso-
ciatedwith CNS relapse. In the largest study
to date, Schmitz et al developed and vali-
dated the “CNS-IPI” (international prog-
nostic index) risk model in DLBCL, which
incorporates the standard IPI factors, as well

as kidney or adrenal gland involvement, to
stratify patients into 3 risk groups: low risk (0
to 1 factor); intermediate risk (2 to 3 factors),
and high risk ($4 factors), with the latter
having a risk of CNS recurrence of $10%.2

Although the CNS-IPI is a robust model,
some factors are not captured. Furthermore,
more objective molecular markers, such as
cell of origin and dual expresser phenotype,
have refined the risk model; however, they
may not be readily available in routine
clinical practice.3,4

Few studies have addressed the incidence
and outcome of CNS relapse in peripheral
T-cell lymphomas, most combining diverse
subtypes. Frequencies rangebetween2.1%
and 8.8%, with higher rates observed in
those with.1 EN sites.5-7 A previous study
by Kim et al described an overall frequency
of 5.8% in ENKTL,8 but to date, large-scale
studies have been lacking.

In the current study, 399 patients with
newly diagnosed ENKTL were assembled
and served as the “training set.” All cases
were Epstein-Barr virus positive by local
review, and treatment integrated a non–
anthracycline-based regimen.1 A separate
“validation” cohort consisted of 253 ENKTL
Japanese patients.9

The overall risk of CNS relapse was ;7%
across both cohorts, and the survival
post-CNS relapse was only ;3 months.
The median time to CNS relapse was
10.1 months, highlighting that occult
disease was likely present at diagnosis.

Factors representing high tumor burden
were associated with CNS relapse, most
of which are captured by the prognostic
index of natural killer (PINK) score (age
.60, Ann Arbor stage 3/4, distant lymph
node involvement, nonnasal type). Mul-
tivariate analysis revealed that EN $ 2
(hazard ratio [HR] 4.628 [1.974 to 10.852],
P , .0001) and intermediate/high PINK
score (1/2 or more factors) (HR 5 2.677
[0.936 to 7.652], P 5 .066) were associ-
ated with CNS relapse, although the
latter did not reach statistical signifi-
cance. Applying this, those with 0 or 1
factors (76.2% of all patients) were con-
sidered low risk and have a 2-year CNS
risk of 4.1% and those with 2 factors
(23.8%) were high risk with a 2-year CNS
risk of 22.8%. This “CNS-PINK” model
also stratified patients in the validation
cohort (low-risk 2-year CNS 4.5%; high-
risk 2-year CNS 13.9%, P 5 .038).

Themost robust factor is the number of EN
sites, likely alsodue to theweaker impact of
some of the PINK components, including
age. Beyond theCNS-IPI inDLBCL, EN. 2
was noted to have prognostic signifi-
cance.10 The current study did not evaluate
different cutoffs for number of EN sites, and
conceivably EN$ 3may provide improved
specificity. In the development of the CNS-
IPI, specific EN sites were evaluated, and
kidney/adrenal emerged as a powerful in-
dependent factor. A future larger study in
ENKTL could similarly evaluate the impact
of specific type and number of EN sites.

The authors also explored whether the
integration of “intermediate dose” ($2 g/
m2) intermediate-dose methotrexate (ID-
MTX) reduced the risk of CNS relapse.
Appropriately, they focused on the impact
in the high-risk group because there may
have been inherent selection bias in the
use of a treatment regimen. Interestingly,

2486 blood® 26 NOVEMBER 2020 | VOLUME 136, NUMBER 22

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/136/22/2484/1790578/bloodbld2020007667c.pdf by guest on 19 M

ay 2023

https://doi.org/10.1182/blood.2020007667
http://www.bloodjournal.org/content/136/22/2548
http://www.bloodjournal.org/content/136/22/2548

