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by activating STAT5, which stimulates production of c-
MYC, cyclin D and PIM. It also blocks differentiation, at
least partially, via p27 downregulation, an aspect that
requires further investigation (Figure 1C).
Peschel et al. now add a further layer of complexity to

our understanding. In AML cells, p27 partially co-localizes
with FLT3 in extended perinuclear structures. The co-
localization is accompanied by enhanced p27 Y88-phos-
phorylation. Cytoplasmic p27 is susceptible to SCFSKP2-trig-
gered proteolysis but is potentially able to exert proto-
oncogenic functions.  Although the stabilization of p27 is
expected to have a net tumor suppressive effect, the simul-
taneous increase in the cytoplasmic level of p27 might
have unintended consequences that offset the benefits of
restoring nuclear p27. Whether AML therapy should aim
to stabilize p27 or to degrade it is still unclear (Figure 1D).
The importance of learning whether to degrade or not to
degrade cannot be overstated. We hope that drug synergy
screens will soon provide an answer.

Acknowledgments
We are grateful to Philipp Jodl and Peter Alexander Martinek

for their excellent technical help in generating the figures. We are
deeply indebted to Graham Tebb for editing the manuscript. This
work was supported by the Austrian Science Fund (FWF) Grant
SFB F47 (to VS) and by an ERC-advanced grant (to VS).

References

1. Hawley TS, Fong AZ, Griesser H, Lyman SD, Hawley RG. Leukemic
predisposition of mice transplanted with gene-modified hematopoietic
precursors expressing flt3 ligand. Blood. 1998;92(6):2003-2011. 

2. Yoshimoto G, Miyamoto T, Jabbarzadeh-Tabrizi S, et al. FLT3-ITD up-
regulates MCL-1 to promote survival of stem cells in acute myeloid
leukemia via FLT3-ITD-specific STAT5 activation. Blood.
2009;114(24):5034-5043. 

3. Mizuki M, Schwable J, Steur C, et al. Suppression of myeloid transcrip-
tion factors and induction of STAT response genes by AML-specific Flt3
mutations. Blood. 2003;101(8):3164-3173. 

4. Li L, Piloto O, Kim K-T, et al. FLT3/ITD expression increases expansion,
survival and entry into cell cycle of human haematopoietic stem/progen-
itor cells. Br J Haematol. 2007;137(1):64-75. 

5. Smith CC, Wang Q, Chin C-S, et al. Validation of ITD mutations in FLT3
as a therapeutic target in human acute myeloid leukaemia. Nature.
2012;485(7397):260-263. 

6. Wander SA, Levis MJ, Fathi AT. The evolving role of FLT3 inhibitors in
acute myeloid leukemia: quizartinib and beyond. Ther Adv Hematol.
2014;5(3):65-77. 

7. Chu IM, Hengst L, Slingerland JM. The Cdk inhibitor p27 in human can-
cer: prognostic potential and relevance to anticancer therapy. Nat Rev
Cancer. 2008;8(4):253-267. 

8. Chu S, McDonald T, Bhatia R. Role of BCR-ABL-Y177-mediated
p27kip1 phosphorylation and cytoplasmic localization in enhanced pro-
liferation of chronic myeloid leukemia progenitors. Leukemia.
2010;24(4):779-787. 

9. Agarwal A, Mackenzie RJ, Besson A, et al. BCR-ABL1 promotes
leukemia by converting p27 into a cytoplasmic oncoprotein. Blood.
2014;124(22):3260-3273. 

10. Coqueret O. New roles for p21 and p27 cell-cycle inhibitors: a function
for each cell compartment? Trends Cell Biol. 2003;13(2):65-70. 

11. Munoz-Alonso MJ, Acosta JC, Richard C, et al. p21Cip1 and p27Kip1
Induce Distinct Cell Cycle Effects and Differentiation Programs in
Myeloid Leukemia Cells. J Biol Chem. 2005;280(18):18120-18129. 

12. Fero ML, Randel E, Gurley KE, Roberts JM, Kemp CJ. The murine gene
p27Kip1 is haplo-insufficient for tumour suppression. Nature.
1998;396(6707):177-180. 

13. Morishita D, Katayama R, Sekimizu K, Tsuruo T, Fujita N. Pim kinases
promote cell cycle progression by phosphorylating and down-regulating
p27Kip1 at the transcriptional and posttranscriptional levels. Cancer Res.
2008;68(13):5076-5085. 

14. Scheijen B, Ngo HT, Kang H, Griffin JD. FLT3 receptors with internal tan-
dem duplications promote cell viability and proliferation by signaling
through Foxo proteins. Oncogene. 2004;23(19):3338-3349. 

15. Green AS, Maciel TT, Hospital M-A, et al. Pim kinases modulate resist-
ance to FLT3 tyrosine kinase inhibitors in FLT3-ITD acute myeloid
leukemia. Sci Adv. 2015;1(8):e1500221-e1500221. 

16. Lai AC, Crews CM. Induced protein degradation: an emerging drug dis-
covery paradigm. Nat Rev Drug Discov. 2017;16(2):101-114. 

17. Zou P, Yoshihara H, Hosokawa K, et al. p57(Kip2) and p27(Kip1) coop-
erate to maintain hematopoietic stem cell quiescence through interac-
tions with Hsc70. Cell Stem Cell. 2011;9(3):247-261. 

18. Uras IZ, Walter GJ, Scheicher R, et al. Palbociclib treatment of FLT3-
ITD+ AML cells uncovers a kinase-dependent transcriptional regulation
of FLT3 and PIM1 by CDK6. Blood. 2016;127(23):2890-2902. 

19. Natarajan K, Xie Y, Burcu M, et al. Pim-1 kinase phosphorylates and sta-
bilizes 130 kDa FLT3 and promotes aberrant STAT5 signaling in acute
myeloid leukemia with FLT3 internal tandem duplication. PLoS One.
2013;8(9):e74653. 

Long non-coding RNAs: another brick in the wall of normal karyotype acute myeloid
leukemia?
Bruno C. Medeiros

Stanford University School of Medicine, CA, USA

E-mail: brunom@stanford.edu    doi:10.3324/haematol.2017.171744

Acute myeloid leukemia (AML) is a complex malig-
nant neoplasm of the hematopoietic system, char-
acterized by multiple somatically (germline muta-

tions occur in ~5% of AML cases) acquired pathologic
(driver) mutations and the presence of coexisting compet-
ing malignant clones that frequently evolve under “selec-
tive pressure” exerted by antileukemic treatment strate-
gies. Genomic events in AML follow specific patterns of
mutual exclusivity and co-occurrence and can be grouped
into distinct functional categories of mutational and chro-
mosomal abnormalities, including rearrangements involv-

ing transcription factors and mutations in tumor suppres-
sor genes, genes encoding myeloid transcription factor,
members of the cohesin complex, genes involved in DNA
methylation, genes responsible for activated signaling,
chromatin-modifying genes, the nucleophosmin 1 (NPM1)
gene and members of the spliceosome complex.1 These
patterns of genomic associations can be used to segregate
AML cases into several non-overlapping cohorts, each
with a distinct clinical outcome.2 In addition, these
genomic events result in the clustering of AML patients
into distinct messenger ribonucleic acid (RNA) expression



signatures and microRNA sequencing profiles.1 These
expression signatures correlate with unique morphological
features, baseline clinical characteristics and underlying
genomic abnormalities and have a strong association with
prognosis, especially in AML patients with normal kary-
otype.3

In this issue of Haematologica, Papaioannou D et al.
expand on our current understanding of the contribution
of a distinct class of RNA molecules to the pathogenesis
and prognosis in AML.4 Along with other regulatory RNA
molecules, such as microRNAs, short-interfering RNAs,
and others, long non-coding RNAs (lncRNAs) are integral
for intracellular homeostasis by exerting specific cellular
functions, including regulation of gene transcription, pro-
gression through the cell cycle, regulation of post-tran-
scriptional mRNA processing, and others.5 Using a well-
validated cohort of younger de novo AML patients with
normal karyotype (NK-AML) enrolled into consecutive
studies of cytarabine/anthracycline-based first-line thera-
py on The Alliance for Clinical Trials in Oncology, the
authors defined the global expression of lncRNAs in this
cohort of patients. They also defined a lncRNA signature
associated with response to therapy and risk of relapse
and reported on the baseline and genomic characteristics
of NK-AML patients with distinct lncRNA expression sig-
natures. 

Additionally, the investigators reported several interest-
ing and novel observations. First, it was noted that two-
thirds of the lncRNAs belong to 1 of 3 categories of these
regulatory RNA molecules (processed pseudogenes, inter-
genic/intervening lncRNAs or antisense lncRNAs). The
investigators also identified a 24 lncRNAs signature that
was highly correlated with outcomes, whereas low prog-
nostic lncRNA scores (favorable lncRNA scores) were
associated with improvements in different survival end-
points (favorable lncRNA score status also associated with
longer overall survival (OS; P=0.002, 5-year rates, 52% ver-
sus 26%) and longer event-free survival (EFS; P<0.001, 5-
year rates, 46% versus 16%). Importantly, these differ-
ences remained significant in multivariable analyses even
after adjustment for other prognostic covariates. In addi-
tion, the presence of a low lncRNA prognostic score was
associated with other known prognostic variables, such as
low white blood cell count at diagnosis, lower frequency
of FLT3-internal tandem duplication (ITD) and more fre-
quent classification into the favorable risk category
according to the European LeukemiaNet (ELN) classifica-
tion. Next, several lncRNA expression signatures identi-
fied had strong correlation with well-defined prognostic
molecular mutations in NK-AML, such as biallelic CEBPA
mutations, mutations in the NPM1 gene and presence of
FLT3-ITD. Finally, a strong association between high
lncRNA prognostic score expression and specific messen-
ger RNA and microRNA expression profiles was observed. 

Despite these unique observations, several questions
remain regarding the value of lncRNA profiling in
patients with NK-AML. First, only a highly selected
cohort of patients was included in these investigations.
For example, adult patients younger than 60 years of age
represent one-third of all cases of AML (although, more

limited data have previously demonstrated the prognos-
tic significance of lncRNA expression profiling in older
patients with AML, despite a lack of overlap in these
expression signatures).6 In addition, NK-AML is observed
in approximately half of younger adults with AML.
These factors limit their generalization of the findings to
less than 20% of AML patients and excluded several
high-risk cohorts, such as patients with secondary AML
(both antecedent hematologic disorders as well as those
with therapy-related AML) and those with adverse-risk
karyotypes. Recommendations for post-remission treat-
ment include the consideration of allogeneic hematopoi-
etic cell transplant (alloHCT) in patients with high-risk
genomic features. The exclusion of patients receiving
alloHCT in first complete remission, including those
with an increased risk of relapse (such as patients segre-
gated into the intermediate and adverse ELN cohorts),7

hampers the identification of the optimal post-remission
approach in patients with high prognostic lncRNA
scores. Also, the study segregates patients with NK-AML
according to the updated version of the ELN classifica-
tion.8 However, the associations of recurrent gene muta-
tions with lncRNA expression studies reported herein do
not account for the updated ELN classification, whereby
FLT3-ITD patients can be segregated into favorable
(mutated NPM1 without FLT3-ITD or with FLT3-
ITDlow), intermediate (wild-type NPM1 without FLT3-
ITD or wild-type NPM1 and FLT3-ITDlow or mutated
NPM1 and FLT3-ITDhigh) or adverse (wild-type NPM1
and FLT3-ITDhigh) categories. Finally, AML is an oligo-
clonal malignant disorder where genomic abnormities
are acquired serially; the design of the study by
Papaioannou D et al. limits the assessment of the combi-
natorial effect of multiple mutations on the lncRNA
expression signature and consequently their prognostic
significance. For example, the investigators report that
mutation in the NPM1 gene was strongly associated
with a lncRNA signature, however, patients with NPM1
often also have co-associated mutations in IDH1/2
(improved clinical outcomes),9 DNMT3A (worse clinical
prognosis)10 and FLT3-ITD (variable clinical outcomes
depending on the allelic ratio of FLT3-ITD).8 This vari-
ability in genomic co-associations may explain why the
results failed to demonstrate an association between
NPM1mutational status, FLT3-ITD or biallelic mutations
in the CEBPA genes and lncRNA expression prognostic
score. 

In summary, the current report identifies a lncRNA
expression signature that allows segregation of younger
patients with de novo NK-AML into 2 separate prognostic
cohorts and describes expression signatures associated
with specific molecular abnormalities.  Overall, these
results expand on prior studies and highlight the impor-
tance of coding and non-coding RNAs, adding another
brick in the wall of understanding of the processes
involved in leukemic transformation.  
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