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ABSTRACT

BACKGROUND
A role of microRNAs in cancer has recently been recognized. However, little is
known about the role of microRNAs in acute myeloid leukemia (AML).

METHODS

Using microRNA expression profiling, we studied samples of leukemia cells from
adults under the age of 60 years who had cytogenetically normal AML and high-risk
molecular features — that is, an internal tandem duplication in the fms-related
tyrosine kinase 3 gene (FLT3-ITD), a wild-type nucleophosmin (NPM1), or both.
A microRNA signature that was associated with event-free survival was derived
from a training group of 64 patients and tested in a validation group of 55 patients.
For the latter, a microRNA compound covariate predictor (called a microRNA sum-
mary value) was computed on the basis of weighted levels of the microRNAs form-
ing the outcome signature.

RESULTS

Of 305 microRNA probes, 12 (including 5 representing microRNA-181 family mem-
bers) were associated with event-free survival in the training group (P<0.005). In the
validation group, the microRNA summary value was inversely associated with
event-free survival (P=0.03). In multivariable analysis, the microRNA summary value
remained associated with event-free survival (P=0.04) after adjustment for the al-
lelic ratio of FLT3-ITD to wild-type FLT3 and for the white-cell count. Using results of
gene-expression microarray analysis, we found that expression levels of the mi-
croRNA-181 family were inversely correlated with expression levels of predicted
target genes encoding proteins involved in pathways of innate immunity mediated
by toll-like receptors and interleukin-1p.

CONCLUSIONS
A microRNA signature in molecularly defined, high-risk, cytogenetically normal AML
is associated with the clinical outcome and with target genes encoding proteins
involved in specific innate-immunity pathways.
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N ALMOST HALF OF PATIENTS WITH ACUTE

myeloid leukemia (AML), no cytogenetic ab-

normality is detectable in the leukemic cells.
Such patients are in an intermediate-risk prognos-
tic category,! but among them are subgroups of
patients who have molecular markers associated
with either a favorable prognosis or an unfavorable
prognosis.> Gene-expression profiling can also
identify subgroups of patients who have cytoge-
netically normal AML with different outcomes.3

Patients with internal tandem duplication in
the fms-related tyrosine kinase 3 gene (FLT3-ITD)
and those without FLT3-ITD but with the wild-
type nucleophosmin (NPM1) gene are in a high-
risk group, whereas patients whose leukemia cells
are negative for FLT3-ITD but have mutated NPM1
constitute a low-risk group.® The group with a
favorable risk profile can be further divided into
subgroups on the basis of expression of the v-ets
erythroblastosis virus E26 oncogene homologue
(ERG) gene, with higher ERG expression associat-
ed with a worse outcome than is lower ERG ex-
pression.”

In this study, we examined microarray micro-
RNA expression profiles in patients with cytoge-
netically normal AML. MicroRNAs are RNAs that
contain 19 to 25 nucleotides and arise by cleavage
from 70 to 100 nucleotide precursors. They hy-
bridize to complementary messenger RNA (mRNA)
targets and inhibit the translation of mRNA.®
MicroRNAs have recently been shown to play a
role in malignant transformation,® and micro-
array microRNA expression signatures have been
associated with aggressive malignant phenotypes
in chronic lymphocytic leukemia and solid tu-
mors.°12 Little is known, however, regarding the
role of microRNAs in the development of AML
or its response to treatment.'3

METHODS

PATIENTS AND STUDY DESIGN

Sixty-four adults with cytogenetically normal AML
and unfavorable molecular characteristics (i.e.,
with FLT3-ITD, wild-type NPM1, or both) who
were under the age of 60 years and were treated
in the Cancer and Leukemia Group B (CALGB)
19808 study# constituted the training group. We
analyzed leukemia cells from these patients to
seek a microRNA expression signature associat-
ed with clinical outcome. Fifty-five similar pa-
tients who were enrolled in the CALGB 9621

study*> constituted the validation group. (For de-
tails regarding the treatment regimens in these
two studies, see the Supplementary Appendix,
available with the full text of this article at www.
nejm.org.)

At 5 years, the 119 patients who had under-
gone genetic analysis and 19 patients who were
not included in the analysis because of a lack of
suitable samples had similar event-free survival
(25% and 32%, respectively; P=0.95), disease-free
survival (31% and 38%, P=0.85) and overall sur-
vival (31% and 35%, P=0.97) (Table 1 of the
Supplementary Appendix).

At a central location, we reviewed the results
of pretreatment cytogenetic analyses and deter-
mined the allelic ratio between FLT3-ITD and
wild-type FLT3, NPM1 mutations, and expression
of ERG and the brain and acute leukemia cyto-
plasmic (BAALC) gene, as described previous-
ly.6-716:19 The protocols for treatment and cyto-
genetic and molecular studies were approved by
the institutional review board at each participat-
ing CALGB institution, and written informed
consent was obtained from all patients before
enrollment.

Figure 1 illustrates the strategy we used to
derive and validate a microRNA signature asso-
ciated with the clinical outcome and to elucidate
its biologic associations by means of gene-expres-
sion profiling. The clinical end point for this
analysis was event-free survival, which was de-
fined as the interval between study enrollment
and removal from the study owing to a lack of
complete remission, relapse, or death from any
cause, with data censored for patients who did
not have an event at the last follow-up visit.

RNA EXTRACTION AND CHIP HYBRIDIZATION
For microRNA expression profiling, biotinylated
first-strand complementary DNA was synthesized
from total RNA extracted from pretreatment
bone marrow and blood mononuclear cells and
was hybridized to microRNA microarray chips.1®
Images of the microRNA microarrays were ac-
quired,*° and calculation, normalization, and fil-
tering of signal intensity for each microarray spot
and batch-effect adjustment were performed (see
the Methods section of the Supplementary Appen-
dix). A total of 305 microRNA probes met the
filtering criteria for the training group and were
included in subsequent analyses. For gene-expres-
sion profiling, RNA samples were analyzed with
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the use of Affymetrix U133 plus 2.0 GeneChips
(Affymetrix).>7?

STATISTICAL ANALYSIS
The microRNA signature was developed by
performing univariable Cox regression analyses
that evaluated the association between the batch-
adjusted expression values of each microRNA
probe and event-free survival in the training group.
The set of probes that was significantly associated
with event-free survival (P<0.005) constituted a
signature that was applied in the validation group.
In this group, a compound covariate predictor,
which was a linear combination of the expression
values for the microRNAs that defined the signa-
ture,2° was computed for each patient sample,
and this predictor (called a microRNA summary
value) was assessed for its association with event-
free survival (for details, see the Supplementary
Appendix).2°

One-way analysis of variance was used to de-
termine whether there was a linear relationship
between the microRNA summary value, which
was considered as a continuous variable, and
other pretreatment variables of interest. Univari-
able Cox regression analysis was used to evaluate
the association between the summary value and
event-free survival in the validation group. A multi-
variable Cox regression model was constructed
with the use of a limited backward-selection pro-
cedure for event-free survival. Variables that were
considered in the model were those that were
significant at an alpha level of 0.20 in the uni-
variable models. Variables remaining in the final
model were significant at an alpha level of 0.05.
The proportional-hazards assumption was checked
individually for each variable entered in the multi-
variable analysis. The Akaike information crite-
rion was used to test whether the final model
was the most appropriate fit for the data. Esti-
mates for hazard ratios and corresponding 95%
confidence intervals were obtained for each sig-
nificant outcome factor.

Kaplan—Meier curves were generated for event-
free survival in the validation group, with data
stratified according to the median microRNA
summary value. The median value was used to
dichotomize the data for graphic display only;
all statistical analyses were performed with the
use of continuous microRNA summary values.

Microarray gene-expression profiles from an
earlier study® were available for 38 patients with

A Outcome Signature

Training Group

Validation Group

64 Patients were identified

55 Patients were identified

Derivation of a microRNA
expression signature associated
with event-free survival

F---

Computation of a summary value

derived from the microRNA F--3

expression signature

B Gene-Expression Signature

Assessment of the association
between the microRNA summary
value and event-free survival

Gene-Expression Group

Gene-expression profiling of
38 of the 55 patients studied
by microRNA array

Derivation of a gene-expression
signature comprising genes
whose expression significantly
correlated with the microRNA
summary value

l

Gene-ontology analysis to identify
overrepresentation of biologic
processes within the gene-
expression signature associated
with the microRNA summary value

- -

Figure 1. Overview of the Experimental Strategy in a Training Group

and a Validation Group.

Panel A shows the approach to the development and validation of a micro-
RNA signature that was associated with event-free survival in patients with
cytogenetically normal acute myeloid leukemia with high-risk molecular
features. Panel B shows the strategy to develop a gene-expression signa-
ture that was associated with the microRNA signature and to elucidate its

biologic features.

microRNA-expression data in the validation group.
Using these expression profiles, we derived a
gene-expression signature that correlated with
the microRNA summary value. The gene-expres-
sion signature was derived as follows: the Pear-
son correlation coefficient was computed for the
correlation between expression of each probe set
and the continuous microRNA summary value;
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probe sets that correlated significantly with the
microRNA summary value (P<0.001) constituted
the gene signature.

We used GenMAPP version 2.1 and MAPPFinder
version 2.12! to assess whether certain terms (as
designated by the Gene Ontology project at www.
geneontology.org) were overrepresented among
the genes that constituted the signature. An over-
represented term is one that has more associated
genes (also referred to as members) in the gene-
expression signature than is expected by chance.
In our analysis, we considered only terms that
were represented by at least five members among
the genes that could be analyzed in our microar-
ray-expression database. MAPPFinder uses a per-
mutation procedure to determine overrepresent-

ed terms. An alpha level of 0.005 was used for
identifying such terms. All analyses were per-
formed by the CALGB Statistical Center.

RESULTS

MicroRNA SIGNATURE AND CLINICAL OUTCOME

In patients with cytogenetically normal AML,
those whose leukemia cells had FLT3-ITD, wild-
type NPM1, or both (approximately 65% of the
patients) constituted a high-risk group. These pa-
tients had a worse outcome than did patients
without FLT3-ITD and with NPM1 mutations in
leukemia cells (P<0.001). At 5 years, rates of event-
free survival were 26% for the high-risk group
and 53% for the low-risk group (Fig. 1 of the

Table 1. Clinical and Molecular Characteristics of the Patients.
Training Group Validation Group

Characteristic (N=64) (N=55)
Age —yr

Median 45 46

Range 19-59 21-59
Male sex — no. (%) 30 (47) 26 (47)
Race —no. (%)*

White 56 (38) 48 (89)

Nonwhite 8 (12) 6 (11)
Hemoglobin — g/dI

Median 9.7 9.1

Range 6.4-13.6 4.6-12.9
Platelet count — x1079/liter

Median 55 54

Range 8-395 7-208
White-cell count — x107%/liter

Median 21.7 373

Range 1.1-210.0 0.9-295.0
Blood blasts — %

Median 58 68

Range 0-95 0-97
Bone marrow blasts — %

Median 69 63

Range 21-99 30-90
Extramedullary involvement — no. (%) 12 (19) 15 (27)
Ratio of FLT3-ITD to wild-type FLT3 — no. (%)

Low 43 (67) 45 (82)

High 21 (33) 10 (18)
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Table 1. (Continued.)

Characteristic
NPM1 — no. (%)
Wild-type
Mutated
BAALC expression — no. (%)
Low
High
ERG expression — no. (%)§
Low
High
Complete remission — no. (%)
Relapse — no. (%)
Event-free survival
Median — yr
At5yr— % (95% Cl)

Training Group Validation Group
(N=64) (N=55)
36 (56) 32 (58)
28 (44) 23 (42)
30 (47) 16 (37)
34 (53) 27 (63)
19 (43) 30 (73)
25 (57) 11 (27)
51 (80) 43 (78)
32 (63) 30 (70)

1.0 0.8
30 (19-41) 24 (13-35)

* Race was self-reported. In the validation group, race was reported for 54 patients.
7 The ratios of FLT3 with internal tandem duplication (FLT3-ITD) to wild-type FLT3 alleles were dichotomized at the me-
dian (0.78) to define the high-value group and the low-value group.'”

i Values for BAALC expression were dichotomized at the median to define the high-value group and the low-value group.*®
§ Values for ERG expression were dichotomized at the median in the training group” and at the 75th percentile in the val-
idation group™® to define patients with high ERG expression (which was associated with an increased risk of an event)

and low ERG expression (which was associated with a decreased risk of an event).

Supplementary Appendix). This result was con-
sistent with the data that have been reported pre-
viously.® No microRNA probes were found to be
associated with outcome in the low-risk group,
which was therefore not considered for further
analysis (data not shown).

Among the 75 patients with FLT3-ITD, wild-
type NPM1, or both who were enrolled in CALGB
19808, samples for microRNA-expression analy-
ses were available for 64 patients, with a median
follow-up of 2.9 years for patients who were still
alive with no event. These 64 patients constitut-
ed the training group (Table 1). We derived a
microRNA signature in which each probe was
significantly associated with event-free survival
(P<0.005) from this group of patients. The signa-
ture contains 12 probes (Table 2). Expression lev-
els of five probes corresponding to microRNAs
181a and 181b were inversely associated with the
risk of an event (i.e., lack of complete remission,
relapse, or death); expression levels of the remain-
ing seven probes were positively associated with
the risk of an event.

VALIDATION GROUP

Fifty-five of the 63 patients with FLT3-ITD, wild-
type NPM1, or both who were enrolled in the
CALGB 9621 study and had samples available for
microRNA analysis constituted the validation
group. For this group, the median follow-up of
patients who had no event was 7.0 years. The train-
ing and validation groups differed significantly
with respect to the white-cell count (P=0.01), the
percentage of bone marrow and circulating blasts
(P=0.05 for both comparisons), and the propor-
tion of patients with high levels of ERG expres-
sion by leukemia cells (P=0.008). (High levels of
ERG expression are associated with decreased
event-free survival.”) The training group was sim-
ilar to the validation group with respect to other
pretreatment characteristics and clinical outcomes
(Table 1).

For each patient in the validation group, we
computed a summary value for expression levels
of the microRNAs that formed the signature in
the training group (Fig. 1A). All statistical analy-
ses for the validation group were performed with
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Table 2. MicroRNA Probes Forming the Outcome Signature in the Training Group.

Target MicroRNA*

Increased expression
associated with
decreased risk

181a
181a
181b
181b
181b

Increased expression
associated with
increased risk

124
128-1
194
219-5p
220a
320
320

MicroRNA Probe Sequence

TGAGGTTGCTTCAGTGAACATTCAACGCTGTCGGTGAGTT
TCAGAGGACTCCAAGGAACATTCAACGCTGTCGGTGAGTT
TTTAAAAGGTCACAATCAACATTCATTGCTGTCGGTGGGT
CTGATGGCTGCACTCAACATTCATTGCTGTCGGTGGGTTT
AACATTCATTGCTGTCGGTGGGTTGAACTGTGTGGACAAG

TTAAGGCACGCGGTGAATGCCAAGAGCGGAGCCTACGGCT
TTGGATTCGGGGCCGTAGCACTGTCTGAGAGGTTTACATT
TGTAACAGCAACTCCATGTGGACTGTGTACCAATTTCCAG
ATTGTCCAAACGCAATTCTCGAGTCTATGGCTCCGGCCGA
TGTGGCATTGTAGGGCTCCACACCGTATCTGACACTTTGG
GAGTCGGGAAAAGCTGGGTTGAGAGGGCGAAAAAGGATGA
GAAAAGCTGGGTTGAGAGGGCGAAAAAGGATGAGGTGACT

Cox Regression
Coefficienty P Valuez
-0.61 1.4x107*
-0.52 0.002
-0.57 3.0x10™
-0.41 0.001
—-0.40 0.004
0.97 0.004
1.73 0.002
1.02 0.004
1.75 7.1x107°
0.77 0.001
1.40 0.003
1.25 0.003

* Multiple probes representing the same microRNA were included on the microarray chips used in the analysis.

 Cox regression models were used to assess the association between individual microRNA probes and event-free survival.

The 12 probes with a significant association (P<0.005) constituted the microRNA outcome signature. A negative regres-

sion coefficient (which corresponds to a hazard ratio of <1) indicates that increased expression was associated with a

decreased risk of an event (i.e., lack of complete remission, relapse, or death), and a positive coefficient (which corre-

sponds to a hazard ratio of >1) indicates that increased expression was associated with an increased risk of an event.
1 P values show the significance of the Cox regression coefficient and were calculated with the use of the Wald test.

the use of the microRNA summary value as a
continuous variable. The microRNA summary
value in the validation group was inversely as-
sociated with the percentage of circulating blasts
(P=0.004) and was positively associated with
ERG expression (P=0.04) (Table 2 of the Supple-
mentary Appendix). The microRNA summary
value was also inversely associated with event-
free survival (P=0.03). To display the relation be-
tween the microRNA summary value and the
clinical outcome, the validation group was di-
chotomized at the median microRNA summary
value (Fig. 2). The estimated 5-year event-free sur-
vival rate was 36% for patients with microRNA
summary values above the median and 11% for
those with values below the median. In a multi-
variable model, the microRNA summary value as
a continuous variable was associated with event-
free survival (P=0.04), even after adjustment for
the allelic ratio of FLT3-ITD to wild-type FLT3
(P=0.02) and for the white-cell count (P=0.04)
(Table 3).

With regard to other molecular markers, BAALC
expression and NPM1 mutations did not meet the
statistical criteria for inclusion in the multivari-
able models, and the number of patients with
available data regarding ERG expression was too
small to draw conclusions about an interaction
between microRNA summary values and ERG ex-
pression levels.

CORRELATION WITH GENE EXPRESSION
Of the 12 microRNA probes in the signature of
the training group, 5 represented members of the
microRNA-181 family. This family is expressed at
relatively low levels in undifferentiated hemato-
poietic precursor cells,?? and expression of micro-
RNA 181a has been associated with AML.13
Among other microRNAs in the signature, micro-
RNAs 124, 128, and 219 have been associated
with neuronal differentiation,?32* whereas defini-
tive targets or functions for microRNAs 194, 220,
and 320 are unknown.

On the basis of the principle that microRNAs
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regulate gene expression, we investigated whether
the microRNA summary value correlated with
expression of genes that were assessed in Affy-
metrix microarrays. Specifically, we sought a rela-
tion between expression of the microRNA mem-
bers of the outcome signature and gene expression
in AML (see the Supplementary Appendix). We
included in this analysis 38 patients in the vali-
dation group for whom microarray gene-expres-
sion profiles were available in our database®
(Fig. 1B). We found that expression levels of 452
genes correlated significantly with the microRNA
summary value (P<0.001) (Table 3 of the Supple-
mentary Appendix).

Increased microRNA summary values were as-
sociated with the increased expression of genes in-
volved in mechanisms of innate immunity, includ-
ing genes encoding toll-like receptors (TLR2, TLR4,
and TLR8)?® and those encoding interleukin-13
(IL1B) and upstream effectors that control the
activation of this cytokine, including caspase
recruitment domain (CARD) family member 8
(CARDS), CARD12 (NLRC4), CARD15 (NOD2), pyrin
domain and CARD containing gene (ASC or
PYCARD), and caspase 1 (CASP1)?° (see Table 3 of
the Supplementary Appendix).

To evaluate the relation between microRNA
summary values and gene expression in another
way, we used information from the Gene Ontol-
ogy project to test which of the terms were over-
represented in the microarray gene-expression
signature that correlated with the microRNA sum-
mary value. We defined an overrepresented term
as one for which more members assigned to that
term were found in the microarray gene signa-
ture than were expected by chance. We found 83
overrepresented terms. There was at least 50%
representation in the microarray gene-expression
signature for 16 of the 83 terms. Of these 16
terms, 15 included members that participate in
mechanisms of innate immunity controlled by
toll-like receptors and nucleotide-binding oligo-
merization domain (NOD)-like receptors. The
latter receptors control activation of interleukin-
1B, a cytokine that has been implicated in the
promotion of autonomous growth of AML blasts,
in addition to its proinflammatory role?°2° (Ta-
ble 4 of the Supplementary Appendix).

Because microRNAs suppress the expression
of specific genes either directly, by down-modulat-
ing expression of the encoded protein, or indirect-
ly, by controlling the expression of other tran-
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Figure 2. Event-free Survival in the Validation Group, According to
the MicroRNA Summary Value.
For the purpose of display, the microRNA summary value was dichotomized
on the basis of the median value to separate patients into two groups, and
Kaplan—Meier curves were generated to depict outcomes. The microRNA
summary value reflects the expression levels of the microRNAs forming
the outcome signature derived from the training group, as calculated for
patients in the validation group.

scription factors or regulatory proteins, we also
searched the Targetscan Release 4.1 database
(www.targetscan.org) to assess which of the 452
genes in the microarray gene-expression signa-
ture were predicted to be direct targets of the
microRNAs forming the signature. Of these 452
genes, 32 — including TLR4, CARDS, CASP1, IL1B,
solute carrier family 11 member 1 (SLC11A1),
macrophage scavenger receptor 1 (MSR1), and Fc
fragment of IgG high affinity Ia receptor (CD64)
(FCGR1A) — were predicted targets of members
of the microRNA-181 family, which is the most
represented microRNA family in the outcome sig-
nature. The expression levels of these 32 genes
were inversely correlated with the expression
levels of microRNA-181 family members, with
Pearson’s correlation coefficient ranging from
—0.84 to —0.45 for the probes (Fig. 2 of the
Supplementary Appendix).

DISCUSSION

Altered expression of microRNAs has been ob-
served in several cancers,°12 but little is known
about microRNA expression in AML. In this study,
we report a microRNA signature that is associ-
ated with clinical outcome in a subgroup of pa-
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Table 3. Multivariable Model of the Association between the MicroRNA
Summary Value and Event-free Survival in the Validation Group.*

Event-free Survival
MicroRNA summary value (per increase of 4 units) 1.8 (1.0-3.0) 0.04
Ratio of FLT3-ITD to FLT3 (high vs. low)
White-cell count (log)

Hazard Ratio
for an Event
(95% Cl) P Value

25(1.2-54) 0.2
1.4 (1.0-19) 004

* The following variables were evaluated in univariable Cox regression models
for outcome: age, sex, race, hemoglobin level, platelet count, white-cell count,
percentage of blood blasts, percentage of bone marrow blasts, the presence
or absence of extramedullary involvement, the microRNA summary value, the
ratio between FLT3 alleles with internal tandem duplication (FLT3-ITD) and
wild-type FLT3, the presence or absence of a mutation in NPM1, and BAALC
and ERG expression. Variables for which P<0.20 in univariable models were
further evaluated in multivariable models.

1926

tients with high-risk molecular features of AML
(those who have FLT3-ITD, wild-type NPM1, or
both). This subgroup constitutes approximately
65% of patients with cytogenetically normal AML
and one third of all patients with AML who are
under the age of 60 years. We also uncovered an
association between the microRNA signature and
expression of genes involved in innate immunity
in AML.

The microRNA signature was obtained from
a training group of patients and consisted of 12
probes that had a significant association with
the clinical outcome. The signature was validat-
ed in a group of patients who received similar
treatment on a different protocol from that used
for the patients in the training group. By comput-
ing for each patient a summary value of the
microRNA expression levels, we showed that the
continuous microRNA summary value was as-
sociated with event-free survival. This approach
eliminated the need for choosing a microRNA
cutoff value that arbitrarily defined groups of pa-
tients for comparison. Furthermore, the microRNA
signature appeared to be independent of the asso-
ciation between FLT3-ITD and outcome because
its association with event-free survival in a multi-
variable model with adjustment for FLT3-ITD re-
mained significant.

Several limitations of our study merit attention.
First, our results are based on a retrospective
analysis. Second, although the microRNA signa-
ture was derived in one group of patients and
validated in another group, the numbers in both
groups were small. Third, although the microRNA
signature was independently associated with

event-free survival in a multivariable model, the
P value for this association was only 0.04. We have
not shown that the microRNA signature has
greater clinical use than standard clinical or mo-
lecular markers. We also acknowledge that our
results require confirmation in large prospective
studies before the microRNA signature is ready
for clinical application.

Our study points to an association in AML
between microRNAs and genes that have a role
in innate immunity. Of these genes, TLR2, TLR4,
and TLR8 encode proteins that are members of
the family of toll-like receptors that recognize the
so-called pathogen-associated molecular patterns
of microbes.3° Activation of toll-like receptors
initiate signaling pathways that induce produc-
tion of inflammatory cytokines through nuclear
factor kB. This transcription factor is constitu-
tively activated in AML blasts but not in normal
hematopoietic CD34-positive precursors.3°

We also report the association between micro-
RNA summary values and the expression of genes
encoding the NOD-like receptor (NLR) family
— CARDS, CARD12 (NLRC4), and CARD1S5 (NOD2)
— that also recognize pathogen-associated mo-
lecular patterns. These proteins regulate inflam-
matory responses by controlling nuclear factor kB
through caspase 1 and its target, interleukin-143.2°
In addition to its proinflammatory role, interleu-
kin-18 promotes the survival and proliferation
of AML blasts.?729

Furthermore, among genes involved in innate
immunity, we identified TLR4, CARDS8, CASP1, and
IL1B as putative targets of the microRNA-181
family and showed that the expression of these
genes was inversely correlated with the expres-
sion of members of this microRNA family. We
also showed that the expression of microRNA
181 correlated inversely with the expression of
other putative targets, such as SLC11A1 and MSR1,
which encode proteins that enhance the activity
of interleukin-13 and other cytokines during the
inflammatory response,3*-32 and FCGR1A, which
is coexpressed with TLR4 in activated mast
cells.33

Altogether, these data suggest that there is a
functional relationship between microRNA ex-
pression and gene expression in a high-risk sub-
group of patients with cytogenetically normal
AML. It is likely that down-regulation of the
microRNA-181 family contributes to an aggres-
sive leukemia phenotype through mechanisms
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