
References

   1. Arber DA, Orazi A, Hasserjian R, et al. The 2016 revision to the
World Health Organization classification of myeloid neoplasms and
acute leukemia. Blood. 2016;127(20):2391-405. 

   2. Den Boer ML, van Slegtenhorst M, De Menezes RX, et al. A subtype
of childhood acute lymphoblastic leukaemia with poor treatment
outcome: a genome-wide classification study. Lancet Oncol.
2009;10(2):125-34. 

   3. Mullighan CG, Su X, Zhang J, et al. Deletion of IKZF1 and prognosis
in acute lymphoblastic leukemia. N Engl J Med. 2009;360(5):470-80.

   4. Roberts KG, Gu Z, Payne-Turner D, et al. High frequency and poor
outcome of Philadelphia chromosome-like acute lymphoblastic
leukemia in adults. J Clin Oncol. 2017;35(4):394-401. 

   5. Tasian SK, Loh ML, Hunger SP. Philadelphia chromosome-like acute
lymphoblastic leukemia. Blood. 2017;130(19):2064-2072. 

   6. Boer JM, Marchante JR, Evans WE, et al. BCR-ABL1-like cases in
pediatric acute lymphoblastic leukemia: a comparison between
DCOG/Erasmus MC and COG/St. Jude signatures. Haematologica.
2015;100(9): e354-7

   7. Chiaretti S, Messina M, Della Starza I, et al. BCR-ABL1-like is asso-
ciated with MRD persistence and poor outcome. First report of the
MRD-oriented GIMEMA 1913. Haematologica 2020. doi:
10.3324/haematol.2020.247973

   8. Chiaretti S, Messina M, Grammatico S, et al. Rapid identification of
BCR/ABL1-like acute lymphoblastic leukaemia patients using a pre-
dictive statistical model based on quantitative real time-polymerase
chain reaction: clinical, prognostic and therapeutic implications. Br J
Haematol. 2018;181(5):642-652. 

   9. Jain N, Roberts KG, Jabbour E, et al. Ph-like acute lymphoblastic
leukemia: a high-risk subtype in adults. Blood. 2017;129(5):572-581.

 10. Stock W, Luger SM, Advani AS, et al. A pediatric regimen for older
adolescents and young adults with acute lymphoblastic leukemia:
results of CALGB 10403. Blood. 2019;133(14):1548-1559.

 11. Herold T, Schneider S, Metzeler KH, et al. Adults with Philadelphia
chromosome-like acute lymphoblastic leukemia frequently have
IGH-CRLF2 and JAK2 mutations, persistence of minimal residual
disease and poor prognosis. Haematologica. 2017;102(1):130-138. 

 12. Tanasi I, Ba I, Sirvent N, et al. Efficacy of tyrosine kinase inhibitors
in Ph-like acute lymphoblastic leukemia harboring ABL-class
rearrangements. Blood. 2019;134(16):1351-1355.

 13. Pui CH, Roberts KG, Yang JJ, Mullighan CG. Philadelphia chromo-
some-like acute lymphoblastic leukemia. Clin Lymphoma Myeloma
Leuk. 2017;17(8):464-470.

 14. Foà R, Bassan R, Vitale A, et al. Dasatinib-Blinatumomab for Ph-
Positive Acute Lymphoblastic Leukemia in Adults. N Engl J Med.
2020;383(17):1613-1623. 

 15. Harvey RC, Tasian SK. Clinical diagnostics, and treatment strategies
for Philadelphia chromosome-like acute lymphoblastic leukemia.
Blood Adv. 2020;4(1):218-228. 

 16. Cario G, Leoni V, Conter V, Baruchel A, Schrappe M, Biondi A. BCR-
ABL1-like acute lymphoblastic leukemia in childhood and targeted
therapy. Haematologica. 2020;105(9):207019. 

 17. Brown LM, Lonsdale A, Zhu A, et al. The application of RNA
sequencing for the diagnosis and genomic classification of pediatric
acute lymphoblastic leukemia. Blood Adv. 2020;4(5):930-942. 

 18. Anagnostou T, Knudson RA, Pearce KE, et al. Clinical utility of fluo-
rescence in situ hybridization-based diagnosis of BCR-ABL1 like
(Philadelphia chromosome like) B-acute lymphoblastic leukemia.
Am J Hematol. 2020;95(3):e68-E72. 

 19. Sánchez R, Ribera J, Morgades M, et al. A novel targeted RNA-Seq
panel identifies a subset of adult patients with acute lymphoblastic
leukemia with BCR-ABL1-like characteristics. Blood Cancer J.
2020;10(4):43. doi: 10.1038/s41408-020-0308-3. 

 20. El Fakih R, Savani B, Mohty M, Aljurf M. Hematopoietic cell trans-
plant consideration for Philadelphia chromosome-like acute lym-
phoblastic leukemia patients. Biol Blood Marrow Transplant.
2020;26(1):e16-e20.

Editorials

1516 haematologica | 2021; 106(6)

Granulocyte colony-stimulating factor (G-CSF) is a
cytokine that increases myelopoiesis,1 impairs lym-
phopoiesis by inhibiting committed progenitor

cells,2,3 and enhances hematopoietic stem cell (HSC) mobi-
lization.4 The direct effects of G-CSF on purified subpopu-
lation of HSC remained to be delineated. In this issue of
Haematologica, Xie et al.5 investigate the influence of G-CSF
on proliferation and the repopulating potential of myeloid-
biased, long-term HSC (CD201+CD150+CD48–CD41–

CD34–KSL) and lymphoid-biased, short-term HSC
(CD201+CD150–CD48–CD41–CD34–KSL).  

Understanding the direct influences of G-CSF on HSC
could improve our understanding of HSC responses to an
increase in G-CSF level caused by inflammation.6 The
study by Xie et al. shows that G-CSF acts directly on lym-
phoid-biased, short-term HSC but not on myeloid-biased
HSC. Interestingly, G-CSF cooperates with stem cell fac-
tor in driving the expansion of lymphoid-biased, short-
term HSC in culture and in maintaining the in vivo repop-
ulating potential of such cultures. These findings suggest
that G-CSF-mediated effects on lymphoid-biased, short-
term HSC may contribute to the previously noted

enhancement of early lymphopoiesis of bone marrow
stem and progenitor cells after exposure to G-CSF.7 In
contrast, however, G-CSF is also known to instruct bone
marrow stromal cells to suppress the function of commit-
ted progenitors of B-lymphopoiesis.2 The functional rele-
vance of the G-CSF-mediated priming of early lymphoid
progenitor cells and lymphoid-biased HSC5,7 in associa-
tion with G-CSF-mediated impairment in the progression
of lymphopoiesis from committed progenitor cells2

should be delineated in future studies. 
The primary role of G-CSF is currently seen in activa-

tion of myelopoiesis to strengthen myeloid immune
responses, such as the recruitment of neutrophils during
bacterial lung infections.8 However, the simultaneous
priming of early lymphoid progenitor cells and lymphoid-
biased HSC by G-CSF may also be important to ensure
prompt reactivation of lymphopoiesis after the initial
induction of myeloid cell-driven immune responses. The
sequential coordination of such immune actions by G-
CSF seems to be an interesting area of future research.

Understanding direct influences of G-CSF on HSC
could also be relevant for our understanding of HSC
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aging. During mouse aging, the number of myeloid-
biased HSC increases more than 10-fold, whereas the
number of lymphoid-biased HSC shows only a mild (2-
fold) increase.9,10 Xie et al. revealed that G-CSF improves
the maintenance of lymphoid-biased HSC in culture, but
does not have direct effects on myeloid-biased HSC.
Whether G-CSF could contribute to the in vivo mainte-
nance of lymphoid-biased HSC remains to be seen.
Interestingly, in humans, G-CSF levels in the serum were
reported to decrease during aging and this decrease was
pronounced in patients with Alzheimer disease.11 The
findings of Xie et al. suggest that aging-associated declines
in G-CSF level could contribute to the relative reduction
in the self-renewal of lymphoid-biased HSC versus
myeloid-biased HSC during aging. It would be interesting
to investigate whether G-CSF has similar effects on
human lymphoid-biased HSC as those on murine HSC
described by Xie et al. However, the discrimination
between different subtypes of HSC (lymphoid vs.
myeloid-biased) has not yet been established in humans. 

In addition, it would be of great interest to analyze the
influence of other aging-related factors on G-CSF levels
and HSC aging. Telomere dysfunction occurs as a conse-
quence of telomere shortening and represents one of the
hallmarks of aging. Telomere shortening induces cellular
senescence and a strong increase in the secretion of pro-
inflammatory cytokines by senescent cells - referred to as
the senescence-associated secretory phenotype (SASP).12

Of note, senescent cells also show strong increases in the
secretion of G-CSF.13 An accumulation of senescent cells

have been described to occur in various tissues of pri-
mates, including humans, during aging.14-16 Interestingly,
genetic studies on telomerase knockout mice revealed
that G-CSF increases in blood serum as a consequence of
telomere dysfunction, which led to impairments in lym-
phopoiesis and myeloid-skewed hematopoiesis.17 This
phenotype is very similar to that present in aging
humans, which is also characterized by increases in
myeloid relative to lymphoid cells in the blood.18 While
studies on human serum showed decreases in G-CSF dur-
ing aging, future studies should investigate whether the
accumulation of senescent cells in bone marrow tissue
may lead to increases in G-CSF levels in the micro-milieu
of HSC and lymphoid progenitor cells. If G-CSF does
indeed contribute to the reduction in lymphopoiesis dur-
ing aging, this could be related to the inhibitory effect of
G-CSF on committed lymphoid progenitor cells.2

A direct influence of G-CSF on HSC could also be rele-
vant for the clinical usage of G-CSF. It has been shown
that macrophage colony-stimulating factor acts directly
on HSC to enhance myeloid differentiation, which has
positive effects in protecting HSC-transplanted mice from
Aspergillus infection.19 Two of the main applications of
G-CSF are to ameliorate chemotherapy-induced neu-
tropenia and to mobilize HSC to be used for mobilized
peripheral blood (MPB) transplantation. G-CSF leads to
the mobilization of HSC by disrupting the function and
maintenance of specific niche cells.20 It remains to be
determined whether direct effects of G-CSF on lym-
phoid-biased HSC would influence the mobilization of

Editorials

haematologica | 2021; 106(6) 1517

Figure 1. Granulocyte colony-stimulating factor influences the balance of myelopoiesis and lymphopoiesis. Granulocyte colony-stimulating factor (G-CSF) leads to mobi-
lization of hematopoietic stem cells (HSC) by disrupting the function and maintenance of specific niche cells. G-CSF enhances expansion of lymphoid (Ly)-biased, short-
term HSC in culture and maintains their in vivo repopulating potential. In contrast, G-CSF does not have a direct effect on purified myeloid (My)-biased, long-term HSC.
Apart from regulating HSC, G-CSF can also increase myelopoiesis and impair lymphopoiesis by regulating committed progenitor cells. 



sub-populations of HSC. If so, the method of mobiliza-
tion could have an impact on transplantation results. In
breast cancer patients who need a transplant of autolo-
gous MPB as part of their anticancer therapy, the trans-
plantation of purified HSC improved the survival out-
comes compared to those receiving non-purified MPB
(https://doi.org/10.1016/j.bbmt.2011.07.009). It remains to
be seen whether direct effects of G-CSF on HSC may
influence transplantation outcomes. 

In brief, the study by XIe et al. provides very interesting
new data indicating that G-CSF can act directly on lym-
phoid-biased but not on myeloid biased HSC. This find-
ing may have implications for our understanding of
immune responses, HSC aging, and bone marrow trans-
plantation therapies.
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