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In this issue of Blood, Ishio et al’ identified the genes critical for proliferation
and/or survival of adult T-cell leukemia-lymphoma (ATL) cells using whole-
genome CRISPR library screening. They also discovered that the mTORC1

pathway is critical for ATL cells.

ATL is caused by human T-cell leukemia
virus type 1 (HTLV-1) infection.? HTLV-1
is the first human retrovirus that causes
multiple disorders, not only ATL but
also inflammatory diseases like HTLV-1-
associated myelopathy. ATL is an intrac-
table lymphoproliferative disease. The
prognosis of patients with acute type
ATL treated with chemotherapy remains
<1 year. Allogeneic hematopoietic
stem cell transplantation is the only
potentially curative approach, but the risk
of relapse and severe GVHD is high.
Therefore, the targeted therapy to ATL
is needed to improve the prognosis of
patients with ATL.

The authors identified 9 essential genes
in ATL, including CDK6, CCND2, BATF3,
JUNB, STAT3, and IL10RB genes, after
excluding 305 essential genes identified
in mantle cell lymphoma cell lines. These
9 genes are associated with various
pathways, which contain AP-1 family
(BATF3 and JUNB), G1-S cell-cycle tran-
sition (CDK6 and CCND2), and JAK/
STAT pathway (STAT3 and IL-10RB). The
previous study by this research group
reported that BATF3 and IRF4 are essen-
tial transcription factors for ATL cells.
Thus, potential targets for ATL treatment
converge at several critical pathways.

Based on these results, the authors
demonstrated that the CDKé inhibitor
palbociclib induces cell-cycle arrest and
apoptosis of ATL cells with wild-type
p53.  Furthermore, palbociclib  with
mTORC1 inhibitors effectively suppresses
ATL cells. Thus, this study identified new
targets for treatment of ATL.

HTLV-1 can infect many different types
of cells, as its receptor is glucose
transporter 1.* However, most of HTLV-1-
infected cells found in  vivo are

CD4"CD25"CCR4* T cells, indicating
that this cell-type specificity happens after
infection of the host. Interestingly, Foxp3
expression is detected in all ATL cases.’
Thus, ATL cells resemble regulatory T
(Treg) cells. As the mechanisms of tropism
to Treg cells, HTLV-1 bZIP factor (HBZ),
which is the antisense transcript of HTLV-
1, induces expression of Foxp3, CCR4,
and BATF33¢ Thus, HBZ converts
infected T cells to a Treg-like phenotype.
This strategy might be beneficial for sur-
vival and transmission of HTLV-1. Expres-
sion of the tax gene, which is encoded in
the plus strand of the provirus, is fre-
quently inactivated in ATL cells, whereas
HBZ is expressed in all ATL cases, and
knock-down of HBZ inhibits proliferation
of ATL cells, indicating that ATL cells still
depend on HBZ.

BATF3 and IRF4 interact with AP1-IRF
composite elements motif, which is criti-
cal for Treg differentiation and sup-
pressive function.” JunB promotes an
IRF4-dependent transcription program.®
Treg cells produce increased amounts of
interleukin 10 (IL-10), which is critical for
immune suppression by Treg cells. How-
ever, IL-10 promotes proliferation of
HBZ-expressing cells through modulation
of downstream signaling from IL-10
receptor.> HBZ interacts with STAT3.
Furthermore, mTOR signaling plays an
important role for generation and func-
tion of effector Treg cells.” Thus, several
targetable molecules are linked to Treg
cells.

HBZ hijacks networks that are critical for
Treg cells. The vulnerable targets of ATL
cells are the molecules that are important
for Treg cells. Kogure et al'® reported
novel mutations in ATL cells using the
whole-genome sequencing, one of which
is a loss-of-function alteration targeting
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the long isoform of the CIC gene. Long
isoform-specific inactivation of the CIC
gene increases CD4"CD25"Foxp3™ T
cells in mice, indicating that this mutation
is also associated with Treg cells.

These studies demonstrate that HTLV-1
targets Treg cells for its survival and trans-
mission via functions of HBZ. ATL cells
still rely on HBZ-modulated gene net-
works of Treg cells. These molecules that
are indispensable for survival and prolifer-
ation of ATL cells should be ideal thera-
peutic targets of this intractable disease.

Conflict-of-interest disclosure: The author
declares no competing financial interests. B

REFERENCES

1. lIshio T, Kumar S, Shimono J, et al. Genome-
wide CRISPR screen identifies CDK6 as a
therapeutic target in adult T-cell leukemia/
lymphoma. Blood. 2022;139(10):1541-1556.

2. Matsuoka M, Jeang KT. Human T-cell leu-
kaemia virus type 1 (HTLV-1) infectivity and
cellular transformation. Nat Rev Cancer.
2007,7(4):270-280.

3. Nakagawa M, Shaffer AL Ill, Ceribelli M
et al. Targeting the HTLV-I-regulated
BATF3/IRF4 transcriptional network in adult
T cell leukemia/lymphoma. Cancer Cell.
2018;34(2):286-297.e10.

4. Bangham CRM, Matsuoka M. Human
T-cell leukaemia virus type 1: parasitism and
pathogenesis. Philos Trans R Soc Lond B
Biol Sci. 2017;372(1732):20160272.

5. Higuchi Y, Yasunaga JI, Mitagami Y, et al.
HTLV-1 induces T cell malignancy and
inflammation by viral antisense factor-
mediated modulation of the cytokine signal-
ing. Proc Natl Acad Sci USA. 2020;117(24):
13740-13749.

6. Satou Y, Yasunaga J, Zhao T, et al. HTLV-1
bZIP factor induces T-cell lymphoma and
systemic inflammation in vivo. PLoS Pathog.
2011:7(2):e1001274.

7. Alvisi G, Brummelman J, Puccio S, et al.
IRF4 instructs effector Treg differentiation
and immune suppression in human cancer.
J Clin Invest. 2020;130(6):3137-3150.

8. Koizumi Sl, Sasaki D, Hsieh TH, et al. JunB
regulates homeostasis and suppressive
functions of effector regulatory T cells. Nat
Commun. 2018;9(1):5344.

9. Sun IH, Oh MH, Zhao L, et al. mTOR
complex 1 signaling regulates the
generation and function of central
and effector Foxp3™ regulatory T cells.
J Immunol. 2018;201(2):481-492.

10. Kogure Y, Kameda T, Koya J, et al. Whole-
genome landscape of adult T-cell leukemia/lym-
phoma [published online ahead of print 25
October 2021]. Blood. 2021;blood.2021013568.

DOI 10.1182/blood.2021014879
© 2022 by The American Society of Hematology

€ blood® 10 MARCH 2022 | VOLUME 139, NUMBER 10 1435



http://www.bloodjournal.org/content/139/10/1541
http://www.bloodjournal.org/content/139/10/1541
https://crossmark.crossref.org/dialog/?doi=10.1182/blood.2021014879&domain=pdf&date_stamp=2022-03-10

