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All in for nuclear PFKP-induced CXCR4 metastasis:
a T cell acute lymphoblastic leukemia prognostic marker
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CXCR4 expression via nuclear
PFKP in T-ALL
Phosphofructokinase 1 (PFK1) is an
important 340 kDa regulatory allosteric
enzyme of glycolysis composed of four
subunits that are controlled by many acti-
vators and inhibitors. There are three dif-
ferent PFK1 isoforms, muscle, liver, and
platelet, which differ depending on the tis-
sue of residence. Although PFK1 is found
inthe cytoplasm, recent data suggest that it
can also translocate to the nucleus to regu-
late transcription. However, the genes that
PFK1 may regulate remained unknown.
The CXC chemokine receptor type 4
(CXCR4), which is found on the cell sur-
face and binds the chemokine stromal
cell-derived factor 1 (SDF-1, also known as
CXCL12), is well known for its intimate and
crucial involvement in chemotaxis (direct-
ed cell movement), migration, homing, and
mobilization of normal hematopoietic stem

Phosphofructokinase 1 (PFK1) is expressed in T cell acute lymphoblastic
leukemia (T-ALL), where its upregulation is linked with cancer progression.
While PFK1 functions in the glycolysis pathway within the cytoplasm, it

is also present in the nucleus where it regulates gene transcription. In this
issue of the JCI, Xueliang Gao, Shenghui Qin, et al. focus their mechanism-
based investigation on the nucleocytoplasmic shuttling aspect of the PFK1
platelet isoform, PFKP. Functional nuclear export and localization sequences
stimulated CXC chemokine receptor type 4 (CXCR4) expression to promote
T-ALL invasion that involved cyclin D3/CDK6, c-Myc, and importin-9. Since
the presence of nuclear PFKP is associated with poor survival in T-ALL,
nuclear PFKP-induced CXCR4 expression might serve as a prognostic
marker for T-ALL. More promising, though, are the mechanistic insights
suggesting that approaches to dampening metastatic migration may have
application to benefit patients with T-ALL.

cells (HSCs), hematopoietic progenitor cells
(HPCs), and more mature lymphoid cells
(1-7). CXCR4 has also been implicated in the
movement and metastasis of leukemia and
cancer cells and leukemia/cancer stem/ini-
tiating cells (8-14).

In this issue of the JCI, Xueliang Gao,
Shenghui Qin, et al. focused on the platelet
isoform of PFK1 (PFKP) and CXCR4 (15).
The authors provide mechanistic insights
with potential diagnostic and perhaps clin-
ical translational possibilities to ameliorate
the metastatic migration potential of T-ALL
cells. Previously, these investigators estab-
lished that PFKP is the major isoform of
PFK1 that is expressed in T-ALL (16). Xue-
liang Gao, Shenghui Qin, et al. now evalu-
ate CXCR4-dependent T-ALL infiltration
mediated by nuclear PFKP. The authors
compared results from mutational analy-
sis of the known crystal structure to study
potential nuclear localization and export
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signals. Notably, the nuclear localization
signal was displayed at the protein surface
in the dimeric form, but not the tetramer-
ic form. Furthermore, higher quantities of
PFKP dimer were observed in the nucleus.
The researchers were able to reduce levels
of nuclear PFKP by depleting leukemia
cells of cyclin D3 and CDK6. Biochemical
assays showed a direct interaction between
cyclin D3/CDK6 and a PFKP binding
motif. The authors went on to show that
inhibiting CDK6 decreased leukemia cell
invasion. Importantly, inhibiting CDK6
also decreased CXCR4 expression. Con-
versely, when nuclear PFKP was increased,
CXCR4 expression also increased (15).
T-ALL CXCR4 expression driven by nucle-
ar PFKP distinguishes this present work
(15) from prior studies involving CXCR4
expression and migration/metastasis of
T-ALL or CXCR4 function in normal and
malignant cell biology (Figure 1).

Remaining questions and
suggested possible future
efforts

Xueliang Gao, Shenghui Qin, et al. (15)
bring up a number of interesting possibil-
ities for possible future efforts in the area
of T-ALL migration/metastasis (Figure 1).
Some questions to put forward include:
What is the role of the CXCL12/CXCR4
axis in enhancing survival? How does
this axis affect T-ALL cells? What is its
involvement with enhanced migration/
metastasis of T-ALL cells, and perhaps
other leukemias/cancers and leukemia/
cancer stem/initiating cells?> Does the
other CXCL12 receptor, CXCRY7, play any
role in T-ALL or other leukemias/cancers?
What other receptors and their ligands
(e.g., integrins) play a role in migration/
metastasis of T-ALL cells? Does nuclear
localization of PFKP influence expres-
sion of other intracellular or cell surface
molecules involved in migration/metas-
tasis? What is the role of lowered oxygen
tension in these processes in vivo in cells
exposed to ambient air (approximately
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Figure 1. Diagrammatic representation of nuclear PFKP-induced CXCR4 in T-ALL. Gao, Qin, et al. showed that PNKP shuttles to the nucleus to enhance
CXCR4 expression on T-ALL cells, which in turn enhances T-ALL migration into the bone marrow, spleen, and liver (15). These results bring up a number of
interesting possibilities and future research questions.

21% oxygen) upon removal, which is not
physiologic/pathologic? Of equal or great-
er importance to the interesting potential
diagnostic marker possibilities noted by
the authors is whether the mechanistic
insight of Xueliang Gao, Shenghui Qin,
et al. (15) can provide a means to slow or
block the metastatic process of T-ALL
and/or other leukemias/cancers.

The CXCL12/CXCR4 axis has been
implicated in survival of HSC/HPC popu-
lations (4, 17, 18). A worthwhile endeavor
would be to determine how such survival
mechanisms fit into the schema provided
by Xueliang Gao, Shenghui Qin, et al. (15).
Although CXCL12 has another receptor,
CXCR7 (19), this receptor is mainly rele-
gated to the list of recently non-evaluated
CXCL12 receptors. Is CXCR7 expressed on
these T-ALL cells, and does nuclear local-
ization of PFKP play any role in its expres-
sion and the migration/metastatic prop-
erties of T-ALL and other cells? There are
numerous cell surface molecules involved

in migration, e.g., integrins. Are these other
surface molecules involved in the migration
and metastases of T-ALL cells, as noted by
Xueliang Gao, Shenghui Qin, et al. (15), and
if so, how? CXCR4 is a hypoxia-regulated
molecule (20). How might hypoxia in vivo
and in vitro influence T-ALL cell migration?
This hypoxia-related question is nuanced,
as cell culture and cell processing are influ-
enced by in vitro hypoxia (21). Further,
whether cells are harvested under hypoxic
or normoxic (e.g., ambient air and in vivo
oxygen) conditions can lead to greatly dif-
ferent results, with hypoxic collection in
addition to hypoxic processing being more
physiologically, and possibly pathologically,
relevant, at least for HSCs. Collection and
processing of human cord blood, mouse
bone marrow (22), and mobilized periph-
eral blood (23) allows detection of greatly
increased numbers of normal HSCs and
bone marrow cells from mice with Fan-
coni’s anemia (24) compared with that col-
lected/processed in ambient air.

Dampening the metastatic
potential of leukemia/cancer
cells

Although the potential to use CXCR4 as a
diagnostic marker for T-ALL (15) is import-
ant, what we all hope for in the future is a
means to harness the study’s mechanistic
insights to perhaps dampen the metastatic
potential of the T-ALL and other leukemia
cells while disrupting cancer/leukemia ini-
tiating/stem cell populations. The authors
(15) used CXCL12/CXCR4 antagonists
such as plerixafor/AMD310 on T-ALL
cells with upregulated CXCR4 expression
and showed that the cells’ migratory pro-
cesses were enhanced by nuclear localiza-
tion of PFKP and associated interactions.
Although such antagonists of CXCL12/
CXCR4 have been used to enhance basic
knowledge and improve HSC/HPC prolif-
eration, survival, and mobilization (4, 24),
it will clearly take more insight to develop
clinically relevant approaches to disrupt
migration and metastases in T-ALL and
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other hematologic malignancies, which
are notable future efforts.

We look forward with interest to a
time in the near future when migration
and metastasis of leukemia/cancer cells
and their stem/initiating cell populations
can be abrogated or dampened to improve
patient outcomes.
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