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MYELOID NEOPLASIA

Abnormal expression of FLI1 protein is an adverse prognostic factor in acute
myeloid leukemia
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Friend leukemia virus integration 1 (FLI1),
an Ets transcription factor family mem-
ber, is linked to acute myelogenous leuke-
mia (AML) by chromosomal events at the
FLI1 locus, but the biologic impact of FLI1
expression on AML is unknown. FLI1 pro-
tein expression was measured in 511
newly diagnosed AML patients. Expres-
sion was similar in peripheral blood (PB)
and BM and higher at diagnosis than at
relapse (P � .02). Compared with normal
CD34� cells, expression in AML was above

or below normal in 32% and 5% of pa-
tients, respectively. Levels were nega-
tively correlated with an antecedent hema-
tologic disorder (P � .002) but not with
age or cytogenetics. Mutated NPM1
(P � .0007) or FLT3-ITD (P < .02) had
higher expression. FLI1 levels were nega-
tively correlated with 10 of 195 proteins
associated with proliferation and stromal
interaction, and positively correlated
(R > 0.3) with 19 others. The FLI1 level
was not predictive of remission attain-

ment, but patients with low or high FLI1
expression had shorter remission dura-
tion (22.6 and 40.3 vs 51.1 weeks, respec-
tively; P � .01) and overall survival
(45.2 and 35.4 vs 59.4 weeks, respectively;
P � .03). High FLI1 levels were adverse in
univariate and multivariate analysis. FLI1
expression is frequently abnormal and
prognostically adverse in AML. FLI1 and/or
its response genes may be therapeuti-
cally targetable to interfere with AML cell
biology. (Blood. 2011;118(20):5604-5612)

Introduction

Friend leukemia virus integration 1 (FLI1), a member of the ETS
transcription factor family, was first identified as a proto-oncogene
by its presence near a common site for retroviral integration in
Friend virus–induced erythroleukemias.1,2 FLI1 plays a critical role
in normal development, hematopoiesis, and oncogenesis, function-
ing as both a transcriptional activator and repressor. In adults, FLI1
is highly expressed in hematopoietic tissues and vascular endothe-
lial cells, with lower levels detected in lung, heart, and ovaries.2-6

Studies have shown that murine FLI1 is essential for embryonic
development: the loss of FLI1 results in embryonic lethality due in
part to absence of megakaryocytes and aberrant vasculogenesis.7-9

Loss of FLI1 negatively affects hematopoietic stem cell differentia-
tion, consistent with its role in the regulation of important
stem-cell–regulatory genes.7-9 FLI1 is also required for maintaining
the proper number of neutrophils, monocytes, and natural killer
cells10 and B-cell populations.11

Deregulated expression of ETS proteins is associated with
aberrant development and malignant transformation.12-13 Specifi-
cally, FLI1 is aberrantly expressed in retrovirus-induced hemato-
logic tumors in mice and is found to be rearranged in human Ewing
sarcoma and related primitive neuroectodermal tumors character-
ized by a t(11;22)(q24;q12) translocation. Aberrant expression of
FLI1 is strongly associated with progression in malignant mela-
noma.14 Limited attention has been directed toward elucidating the
role of FLI1 in epithelial-derived cancers, and the available data
regarding its role in epithelial cancer progression are conflicting.
FLI1 mRNA levels are decreased in mouse mammary tumors

compared with normal mouse tissue and cell lines.15 Furthermore,
FLI1 mRNA and protein levels are decreased in the human breast
cancer cell lines, and FLI1 mRNA levels were decreased in a small
sample of human primary breast tumors.16 In contrast, it has been
reported that the expression of FLI1 may contribute to the
progression of human breast cancer by regulating the bcl-2 gene,
inhibiting apoptosis in invasive breast cells.17 Whereas the majority
of the data are consistent with loss of FLI1 in breast cancer, the
precise pattern of expression may be cancer specific. For example,
FLI1 may have an oncogenic function in colon cancer.18

Amplification of the FLI1 gene in acute myeloid leukemia
(AML) was detected in 2 case reports,19,20 and FLI1 expression
levels were up-regulated several fold in 2 acute promyelocytic
leukemia (APL) patients compared with the 4 normal pooled BM
samples.21 Expression of an alternative spliced form known as
FLI1b was detected in 2 human B-cell leukemias.22 FLI1 mRNA
expression was observed to be significantly higher in essential
thrombocythemia patients with JAK2 (V617F) mutations.23 The
FLI1 site is also usually encompassed in chromosomal events that
involve the 11q23 loci in both AML and myelodysplasia.24

Chromosomal events therefore link FLI1 to leukemia, but the role
of FLI1 in hematologic malignancies remains undefined.

The oncogenic effects of FLI1 overexpression in erythrocytes
are thought to arise from the downstream effects of altered
transcription of the genes that it regulates, which leads to altered
cellular signaling events in EPO1 and RAS pathways. FLI1 is also
known to activate or inactivate a wide variety of genes that may
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promote tumorigenesis, such as GADD153, Tenascin-C, MDM2,
BCL-2, GATA-1, and RB (supplemental Figure 1, available on the
Blood Web site; see the Supplemental Materials link at the top of
the online article).5,25-30 SHIP-1 is directly negatively regulated by
FLI1, and the resulting loss of inositol phosphatase activity was
associated with accelerated leukemogenesis.31 The effects of
altered FLI1 expression at the protein level have not been well
studied.

In the present study, we measured the expression of FLI1, along
with 195 other proteins, in 511 patients of AML using reverse-
phase protein array (RPPA) technology. We report a correlation
between FLI1 expression and clinical characteristics and overall
survival in AML patients.

Methods

Patient population

Peripheral blood (PB) and BM specimens were collected from 511 patients
with newly diagnosed AML and from 20 patients with newly diagnosed
APL evaluated at The University of Texas M. D. Anderson Cancer Center
(MDACC) between September 1999 and March 2007. Samples were
acquired during routine diagnostic assessments in accordance with the
regulations and protocols (Lab 01-473) approved by the investigational
review board of MDACC. Informed consent was obtained in accordance
with Declaration of Helsinki. Samples were analyzed under and a review
board–approved laboratory protocol (Lab 05-0654). Samples were enriched
for leukemic cells by performing Ficoll separation to yield a mononuclear
fraction, followed by CD3/CD19 depletion to remove contaminating T and
B cells if they were calculated to be � 5% based on the differential. The
samples were normalized to a concentration of 1 � 104 cells/�L, and a
whole-cell lysate was prepared as described previously.32,33 A total of
387 BM and 283 PB samples were studied from the newly diagnosed AML
patients, with 140 having both available. All but one relapse sample were
from BM. A paired relapse sample was available for 48 of the AML and 1 of
the APL patients. Outcomes analysis for this report is restricted to the newly
diagnosed patients. The associated demographics are described in Table 1.
Whereas this population is typical for the MDACC referral pattern, the
median age of these patients (65.7 years) is older than the national average
of 58 years, and this population has a high percentage of patients with
unfavorable cytogenetics (49%) and a very high percentage with an
antecedent hematologic disorder (40%).

Of the 511 AML patients, 415 were treated at MDACC and are
evaluable for outcome. Among these, 277 received high-dose arabinofura-
nosyl cytidine (Ara-C) 191 with an anthracycline, 49 with fludarabine,
28 with clofarabine, 8 with other agents, and 1 with high-dose Ara-C alone.
Another 35 received standard-dose Ara-C with clofarabine (n � 33) or with
daunorubicin and etoposide (n � 2), and 8 received low-dose Ara-C–based
regimens. Idarubicin and troxacitabine were used in 2 patients and
VNP40101M was used for 25. Demethylating or histone-deacetylating
agents were used alone or in combination in 45 patients. Targeted agents
were used in 13 patients; of these, 6 received gemtuzumab ozogamicin in
combination with IL-11, and 4 received phase 1 agents. One APL patient
was treated with idarubicin plus Ara-C; all others were treated with all-trans
retinoic acid–based regimens, 14 in combination with arsenic, 2 with
gemtuzumab-ozogamicin, 2 with idarubicin, and 1 with liposomal all-trans
retinoic acid. All but one achieved complete remission (CR) and 4 relapsed.

RPPA methodology

Proteomic profiling was performed on samples from patients with AML.
The methodology and validation of the technique have been described
previously.32-34 Briefly, patient samples were printed in 5 serial dilutions
onto slides along with normalization and expression controls. Slides were
probed with a strictly validated rabbit anti–human polyclonal primary Ab
against total FLI1,7 a secondary Ab to amplify the signal, and finally a stable

dye was precipitated.35 The stained slides were analyzed using Microvigene
Version 2.9 software (Vigene Tech) to produce quantified data. Western
blotting was performed using standard techniques for correlation with
RPPA data on a limited number of cell lines and patient samples.

FLT3 and NPM1 mutational analysis

FLT3 and NPM1 mutational analysis were performed by RT-PCR amplifi-
cation, followed by sequencing using standardized primers and methodol-
ogy. For most patients, this was determined as part of routine care by the
Clinical Laboratory Improvement Amendments (CLIA)–approved molecu-
lar hematology laboratory at MDACC. For older patients, this was
determined by us (in the S.M.K. laboratory) using the same primers used by
the clinical laboratory.

Statistical analysis

Supercurve algorithms were used to generate a single value from the 5 serial
dilutions.36 Loading control37 and topographical normalization procedures
accounted for protein concentration and background staining variations.
Analysis using unbiased clustering and perturbation bootstrap clustering,
and principle component analysis was then performed as described
previously.34 Expression was compared with that observed in normal
CD34� samples, and the patients were divided into 3 cohorts based on
whether expression was above, below, or within the range of the normal
CD34� samples based on the 95% confidence intervals.

Comparison of the protein levels between paired samples was done
by performing the paired t test. Association between protein expression
levels and categorical clinical variables were assessed in R using
standard t tests, linear regression, or mixed-effects linear models.
Association between continuous variable and protein levels were
assessed using Pearson and Spearman correlation and linear regression.
Bonferroni corrections were performed to account for multiple statisti-
cal parameters for calculating statistical significance. The Kaplan-Meier
method was used to generate the survival curves. Univariate and
multivariate Cox proportional hazard modeling was performed to
investigate association with survival with protein levels as categorized
variables using Statistica Version 10 software (StatSoft). This dataset
contains patients treated before some more recent prognostic markers
were discovered (eg, DNMT3A), and therefore the multivariate analysis
did not contain all known AML prognostic markers.

Network analysis was performed to test for interactions between FLI1
and the other 195 proteins studied on this array. We performed pairwise
protein network analysis to identify protein expression patterns by identify-
ing protein pairs that were significantly different between leukemic patients
and normal CD34� cells using a standard t test. We then queried all
available public databases, including BIND,38,39 KEGG,40 PubMed, and
CCSD, to identify known protein-protein interactions (PPIs) between FLI1
and SMAD4, considering up to nearest neighbor interactions. A map of the
PPIs was generated using Cytoscape Version 2.8.1 software.41

Results

FLI1 protein expression was analyzed in 511 newly diagnosed
AML and 21 newly diagnosed APL patients by RPPA. FLI1
expression in 140 same-day paired PB and BM samples was
compared and found to be statistically similar (P � .65), demon-
strating that the sample source did not affect the protein levels
(Figure 1A). However, FLI1 levels were found to be significantly
lower at the time of relapse compared with levels at diagnosis in the
47 paired samples (P � .0015; Figure 1B). Most patients main-
tained the same FLI1 level at diagnosis and relapse (25 of 47), but
reversion to normal levels was frequently observed in those
initially above normal (12 of 17) or below normal (3 of 5) at
diagnosis. Patients with normal FLI1 at diagnosis changed at
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relapse less frequently, with 5 developing above-normal and
2 developing below-normal FLI1 levels at relapse. Compared with
expression in normal CD34� cells, FLI1 levels were above normal
CD34� cells in 31.8% and below normal in 4.8% of AML patients.
Figure 1C shows the expression of FLI1 levels in the 511 newly

diagnosed AML patients relative to normal CD34�, G-primed
CD34� cells, and normal PBLs. For validation, FLI1 expression
was determined by Western blot and was found to be correlated
with FLI1 levels as determined by RPPA for 6 cell lines (R2 � 0.906)
and 5 patient samples (R2 � 0.986) that were selected based on

Table 1. Clinical characteristics

Below Equal Above Total P

Number Total 4.8% 63.4% 31.8% 100.0%

Sex Male 60.0% 53.2% 50.0% 52.5% .65

Female 40.0% 46.8% 50.0% 47.5%

Age Minimum 28.94 4.61 17.39 5.00

Maximum 81.70 87.23 84.31 87.00

Median 68.72 64.60 63.31 64.60

SD 11.40 15.84 14.58 15.26

French-American-British

classification

M0 5.0% 4.2% 6.8% 5.1%

M1 5.0% 9.1% 17.4% 11.6%

M2 25.0% 39.9% 32.6% 36.9%

M4 15.0% 19.8% 22.0% 20.2%

M4Eos 0.0% 4.6% 0.8% 3.1%

M5 5.0% 6.8% 16.7% 9.9%

M6 25.0% 6.1% 0.0% 5.1%

M7 5.0% 1.9% 1.5% 1.9%

RAEBT 15.0% 6.5% 2.3% 5.5%

World Health Organization 2008

classification

Inv16 0.0% 6.1% 2.3% 4.6%

t(8:21) 5.0% 3.4% 3.0% 3.4%

Chromosome 11 0.0% 1.5% 4.5% 2.4%

TX Rel-Chemo&XRT 0.0% 4.2% 5.3% 4.3%

TX Rel XRT 5.0% 4.6% 1.5% 3.6%

Tx Rel Chemo 0.0% 6.8% 2.3% 5.1%

PriorMDS-MPD 30.0% 21.3% 12.1% 18.8%

Not in other 60.0% 52.1% 68.9% 57.8%

Zubrod performance status 0-1 85.0% 80.6% 81.1% 81.0% .82

2 15.0% 15.2% 16.7% 15.7%

3 or 4 0.0% 3.8% 2.3% 3.1%

Antecedent hematological

disorder � 2 mo

No 65.0% 56.7% 74.2% 62.7% .002

Yes 35.0% 43.3% 25.0% 37.1%

Infection No 90.0% 81.4% 68.9% 77.8% .008

Yes 10.0% 18.6% 31.1% 22.2%

Cytogenetics t8;21 5.0% 3.4% 3.0% 3.4%

inv16 0.0% 6.1% 2.3% 4.6%

diploid 40.0% 41.1% 46.2% 42.7%

IM 0.0% 1.5% 2.3% 1.7%

�5 15.0% 3.8% 4.5% 4.6%

�5, �7 5.0% 5.3% 1.5% 4.1%

�7 10.0% 6.8% 5.3% 6.5%

�7, �8 0.0% 1.1% 0.0% 0.7%

�5, �7, �8 5.0% 0.8% 2.3% 1.4%

8 5.0% 8.4% 3.8% 6.7%

11q23 0.0% 1.5% 4.5% 2.4%

21 0.0% 1.5% 0.8% 1.2%

t6;9 5.0% 0.8% 2.3% 1.4%

inv9 0.0% 0.8% 0.0% 0.5%

t9;22 5.0% 0.0% 0.0% 0.2%

FLT3 mutation No 65.0% 81.4% 65.2% 75.4% 5 � 10-08

Yes 30.0% 14.4% 33.3% 21.2%

Ras mutation Yes 11.8% 12.6% 12.6% 14.3% .99

No 88.2% 87.4% 87.4% 85.7%

Response CR 65.0% 58.6% 53.0% 57.1% .44

Resistance 20.0% 31.6% 37.1% 32.8%

Fail 15.0% 9.9% 9.8% 10.1%

Relapse Yes 84.6% 58.4% 64.3% 61.6% .15

Alive Yes 10.0% 29.7% 20.5% 25.8% .036

No 90.0% 70.3% 79.5% 74.2%

Remission duration, median, wk 22.57 48.78 40.57 44.14 .05

Median survival, wk 45.21 58.00 35.35 48.71 .03

The clinical characteristics of the total population and of patients with FLI1 expression below, equal to, or above that of normal CD34� cells is shown.
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their having low, middle, and high levels of FLI1 in RPPA (data not
shown).

FLI1 expression and clinical characteristics

Association between FLI1 levels and various demographic and
clinical features are shown in Table 1. There was no significant
difference in FLI1 expression on the basis of age, sex, or
performance status. FLI1 expression levels were not strongly
correlated with French-American-British classification, although
levels were higher in monocytic leukemia. FLI1 levels were not
associated with individual cytogenetic abnormalities but were
associated with some specific molecular mutations. FLI1 levels
were found to be significantly higher in patients with an FLT3-ITD
(P � .02; Figure 2A) or NPM1 mutation (P � .0007; Figure 2B),
but did not vary based on RAS, P53, IDH1, or IDH2 mutation
status. Levels were also higher in patients with 11q23 abnormalities
(supplemental Figure 2).

Correlation with outcome and survival

FLI1 levels were not associated with the attainment of CR,
although rates were somewhat lower for those with high FLI1.
However, the overall survival of patients with high levels of FLI1
was significantly inferior compared with those with normal levels
of FLI1 (35 vs 59 weeks; P � .009; Figure 3A). Patients with
below-normal levels of FLI1 also had inferior survival compared
with those with normal levels of FLI1, but this did not reach
statistical significance because of small numbers in this group.
Nearly identical results were observed if the dataset is restricted to
a homogeneously treated population of patients who received
high-dose Ara-C–based regimens (supplemental Figure 2). Patients
with low levels of FLI1 had significantly inferior remission
duration (22 vs 51 weeks; P � .014) compared with those with
normal levels of FLI1 (Figure 3B). The remission duration was also
shorter in patients with high FLI1 (40 vs 51 weeks), but this

Figure 1. Distribution of expression of FLI1 in AML. (A) Distribution of expression of FLI1 based on BM versus PB. (B) Distribution of expression of FLI1 based on disease
status: the expression between 47 paired diagnosis and relapse specimens is shown. The expression ranges of normal CD34� cells are shown beside the y-axis.
(C) Histogram of expression in all AML patients relative to normal CD34� cells. FLI1 levels were above normal CD34� cells in 31.8% of AML patients and below normal in 4.8%.
Expression is shown in log 2 scale. The rug immediately above the x-axis shows the APL patients. Three different “normal controls” are shown as rugs below the x-axis,
including G-CSF–primed CD34� cells (top), normal CD34� cells (middle), and PBLs (bottom).
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difference was not statistically significant. Similar trends for
overall survival and remission duration were seen in patients with
only favorable cytogenetics or only unfavorable cytogenetics,
although the smaller sample size limited the power of the analysis
and these differences were not significant. Among patients with
intermediate prognosis cytogenetics, those with high FLI1 still had
inferior survival (median 49 vs 78 weeks; P � .05), but there was
no significant difference in remission duration. High FLI1 was
somewhat adverse for overall survival among patients with FLT3-
ITD or D835 mutations (median 33 vs 42 weeks; P � .07) or
without mutations (median 61 vs 90 weeks; P � .31). Similarly,
FLI1 was somewhat adverse for overall survival among patients
with NPM1 mutations (median 35 vs 66 weeks; P � .17) or
without NPM1 mutation (median 44 vs 80 weeks; P � .08).
Finally, FLI1 was also predictive of overall survival in patients with
a RAS mutation (30 vs 78 weeks; P � .011) or with wild-type RAS
(median 40.5 vs 59 weeks; P � .07), but small numbers again
limited statistical power.

Univariate and multivariate analysis

High FLI1 levels were observed to be an independent predictor of
survival in both univariate and multivariate analysis. A Cox
proportional hazard model was performed evaluating for factors

that were independent predictors of overall survival. Starting with
25 variables that were univariate predictors in the dataset, a
stepwise analysis was conducted until only significant (P � .05)
variables remained. This was followed by sequential add back of all
previously removed variables one by one until a final model with
only significant variables remained. The final model contained
5 variables: age, cytogenetics (favorable, intermediate, and unfavor-
able), FLT3 mutation, creatinine, and sex, as shown in Table 2. In a
separate model for overall survival in patients with intermediate
cytogenetics, FLI1 level was again a statistically significant
independent predictor of outcome, along with age, performance
status, creatinine, hemoglobin, FLT3-mutation, and NPM1 muta-
tion status (Table 3).

Correlation with other proteins

As part of a broader proteomic profiling study of AML, this same
RPPA was also probed with antibodies against 195 other epitopes;
of these, 29 proteins were found to be strongly correlated (R � 0.3)
either positively (n � 19) or negatively (n � 10) with FLI1 levels
(Figure 4 and supplemental Table 1). Several proteins that showed
high correlation with FLI1 expression are either upstream or
downstream of known ETS factors.12,42 The strongest correlation
(Table 4) was with SMAD4, the common mediator in a family of

Figure 2. FLI1 expression in patients with the FLT3-ITD and NPM1 mutations. FLI1 expression is higher in patients with FLT3-ITD (A) and NPM1 mutation (B). The box
shows the 25%-75% range, with the central box showing the median value. The whiskers show the 95% boundaries. Outliers and extremes are shown. Statistics for both the
F test and the Kruskal-Wallis test are shown.

Figure 3. Kaplan Meier curves for overall survival and remission duration. (A) Overall survival. (B) Remission duration in weeks. Median survivals for each group are
shown and the log-rank P value for each comparison is listed.
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SMAD proteins involved in TGF� signaling. The relative expres-
sion of the FLI1-SMAD4 PPI was significantly different from
normal CD34� cells at a P � 1.63 � 10�7, and this relationship
was observed for nearly all cytogenetic subsets of AML (Table 5).
We hypothesized that SMAD4 levels might also be prognostic
because they were correlated with FLI1, which was prognostic. As
shown in Figure 5A, SMAD4 levels were prognostic in this same
dataset. We further hypothesized that high levels of both FLI1 and
SMAD4 would indicate functional activation of this axis and
would be prognostic. When FLI1 levels are equal to normal, there
is no correlation with SMAD4 expression levels (Table 4 middle
line) and there is no prognostic impact of the possible combinations
of FLI1 and SMAD4, as shown by the 3 overlapping blue survival
curves in Figure 5B. In contrast, when FLI1 is above normal, there
is strong correlation with SMAD 4 (Table 4 top line), with the
majority of patients showing strong SMAD4 expression. Prognosis
steadily worsens among the patients with above-normal FLI1 as
SMAD4 expression increases (compare the yellow to orange to red
curves in Figure 5B). A search of the Mimi website (http://mimi.
ncibi.org/MimiWeb/interaction-query-page.jsp) revealed no known
interactions between FLI1 and DLX, SMAD4, fibronectin, or
FOXO3A and no known pathways connecting them. Existing
public databases of PPIs were queried using BIND for interactions
between FLI1 and SMAD4. As shown in Figure 6, FLI1 has known
PPIs with 2 clusters of proteins; the first is unaffiliated with
SMAD4, whereas the second has 6 proteins that are 1 or 2 “hops”
away from SMAD4. Furthermore, 3 other proteins correlated with
FLI1 are known to be regulated either positively (DLX1) or
negatively (fibronectin and FOXO3A) by SMAD4.

FLI1 expression in APL

Our dataset also contained samples from 20 newly diagnosed APL
patients, and there was a paired relapse sample for 1 patient. Of
these, 17 had t(15:17) by conventional cytogenetics and the other
3 were confirmed by the PML onocgenic domains (POD) test or by
PCR. FLI1 levels were high in 5 patients, of whom 4 achieved
remission and 2 relapsed (after 40 and 73 weeks CR duration).
FLI1 levels were within the normal CD34� range for the other 15
patients: all achieved CR and 2 relapsed after 58 and 69 weeks. One
patient with high FLI1 and 2 with normal FLI1 died. The paired
diagnosis relapse sample had high FLI1 at diagnosis, but was lower

at relapse, being in the normal range. With the caveat that these
numbers are very small, it would appear that FLI1 levels can also
be abnormal in APL and might be associated with a higher relapse
rate (2 of 4 vs 2 of 15).

Discussion

FLI1 is an important nuclear transcription factor required during
erythrocyte development, when it can act to promote cellular
proliferation and block differentiation and apoptosis through the
genes it regulates. Abnormalities in FLI1 expression would there-
fore be expected to have functions that could be leukemogenic, and
indeed abnormalities in the FLI1 chromosomal locus occur in
leukemia. We therefore used RPPA to examine FLI1 protein
expression levels and their clinical implications in AML patients.
Our results show that the FLI1 expression pattern was heteroge-
neous in AML, and levels were above those found in normal
CD34� cells in 1/3 of AML patients at diagnosis. The range of
expression in normal CD34� cells was very narrow, suggesting that
the boundaries for defining above or below normal would be
unlikely to change significantly if a larger number of normal
CD34� samples were studied. No difference was observed in
expression levels between PB and BM. However, levels in paired
samples were lower at relapse compared with at diagnosis. FLI1
expression was not correlated with French-American-British classi-
fication or cytogenetics, but higher levels were associated with
FLT3-ITD and NPM1 mutations.

Results from our study show that patients with high FLI1 have a
lower CR rate and shorter CR duration, resulting in a significantly
shorter overall survival. Similarly, although patients with lower
than normal levels of FLI1 had a higher CR rate, they also had
significantly shorter CR durations that resulted in an inferior
overall survival. For those with low FLI1, this did not reach
statistical significance. This is likely because of the crossover that
occurs between the 2 curves because of the better early survival
associated with the higher CR rate and the lower number of patients
in this category reducing statistical power, because the survival
curve was very similar to that of patients with high FLI1 after
45 weeks. Multivariate analysis clearly illustrates high FLI1 as an
independent predictor of disease outcome. The adverse effect of

Table 2. Multivariate analysis for overall survival

Variable Beta SE t value Exponent-beta Wald-statistic P

Sex 0.302790 0.120843 2.50566 1.353631 6.27832 .012227

Age 0.037968 0.004728 8.03005 1.038698 64.48170 .000000

Favorable cytogenetics �0.831994 0.333636 �2.49372 0.435181 6.21864 .012646

Unfavorable cytogenetics 0.533640 0.115948 4.60241 1.705127 21.18216 .000004

FLT3-MutITD or D835 0.311854 0.134558 2.31761 1.365955 5.37133 .020477

Creatinine 0.303210 0.108024 2.80689 1.354199 7.87863 .005005

FLI1-high 0.260599 0.118389 2.20120 1.297708 4.84530 .027729

Table 3. Multivariate analysis for overall survival in patients with intermediate cytogenetics

Variable Beta SE t value Exponent-beta Waldic-statistic P

Age 0.039671 0.006696 5.92422 1.040468 35.09632 .000000

Performance status 0.460942 0.107054 4.30571 1.585567 18.53911 .000017

Creatinine 0.460103 0.121062 3.80057 1.584237 14.44432 .000145

FLT3Mut 0.353616 0.110940 3.18747 1.424208 10.15994 .001437

NPM1Mut 0.658297 0.195387 3.36920 1.931500 11.35150 .000755

Hg-Cat �0.607331 0.270858 �2.24225 0.544803 5.02770 .024952

FLI1-# �0.421581 0.158003 �2.66818 0.656009 7.11919 .007630

FLI1 EXPRESSION IN AML 5609BLOOD, 17 NOVEMBER 2011 � VOLUME 118, NUMBER 20  only.
For personal use at M D ANDERSON HOSP on November 29, 2011. bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


high and low FLI1 on outcome therefore appears to arise through
different means. Those with high FLI1 had lower remission rates
and shorter remission durations, resulting in shorter overall sur-
vival, whereas those with low FLI1 had a higher rate of remission
attainment but significantly shorter remission duration, resulting in
inferior survival. Higher FLI1 levels may promote early resistance
via it is antiapoptotic effects and more rapid regrowth, leading to
either primary resistance or later relapse through its pro-
proliferative effects. In contrast, low FLI1 may result in decreased
proliferation with higher percentages of cells being in a resting or
G0 state and therefore less susceptible to cycle-specific agents such
as cytosine arabinoside, resulting in more rapid regrowth after
remission attainment. Similar effects were previously observed
with high Waf1 expression, which also decreases proliferation.43

FLI1 acts at the top of the transcriptional network in regulating blood
and endothelial development,44 and many potential targets have been
identified from mRNAstudies. However, confirmation that FLI1 protein
levels are correlated with protein levels of these targets has not been
shown previously. In the present study, 29 of the other 193 analyzed
protein epitopes showed high correlation with FLI1 levels, with an
R � 0.3 and P � .00001, and another 22 (16 high and 6 low) with an
R � 0.25, suggesting an association between these proteins and FLI1.
Several proteins that showed high correlation with FLI1 expression are
either upstream or downstream of known ETS factors. We observed
very high correlations between FLI1 and SMAD4, CREB (total and
phospho-serine 133), GAB2, and AKT, which either interact with or are
upstream of ETS factors. FAK and CREB are interactive partners with
ETA factors and CREB has been shown to negatively regulate DNA
binding by acetylation of FLI1 in fibroblasts.45 Functional ETS-binding
sites have been shown to regulate transcription of BCLXL,46 BAX,47

integrin B3,48 fibronectin,49 FAK,50 and TSC2.42,51 Except for BCLXL,
these were all markedly positively (TSC2 and BAX) or negatively
(integrin�3, fibronectin, and FAK) correlated with FLI1 expression in
this study.

We demonstrate a previously unrecognized connection between
FLI1 and SMAD4 and suggest that there is functional activation of the

FLI1-SMAD4 axis in AML. Querying of known PPI databases demon-
strated that there was no known direct connection or pathways linking
FLI1 and SMAD4. However, it was possible to link FLI1 to JUN and
JUN to SMAD4 and thereby establish connections between FLI1 and
SMAD4 with 1 or 2 intermediaries. Furthermore, 3 other proteins
shown to be correlated with FLI1 were found to be regulated by
SMAD4. The observation that adverse prognosis is restricted to the
population with high levels of both FLI1 and SMAD4 provides further
evidence that activation of this axis occurs in AML and that use of this
pathway is relevant to resistance to therapy. Additional experiments are
required to verify the existence of this FLI1-SMAD4 axis functionality
to confirm its activation in AML and its role in resistance. If validated,
this would suggest that FLI1 directs the expression of this axis in AML.
Therefore, therapeutic targeting of FLI1 in AML might have a broad
impact on many pathways affecting AML cell biology.

Several other proteins that are known to be downstream or
upstream of FLI1 showed correlation at the protein level. FLI1 is
known to activate or inactivate genes involved in cell proliferation
and differentiation, such as MDM2,30 BCL2,27 GATA-1,28 and
RB.29 Results from our study also show a positive correlation
between FLI1, BCL-2, and RB and a negative correlation with
MDM2. We did not find any correlation between GATA1 and FLI1
protein expression. The FLI1 promoter includes several conserved
binding sites for various transcription factors involved in its
regulation such as GATA1, ETS, SP1, MYC, OCT-3, TBP, and
AP1.5 We observed a limited positive correlation between MYC
and FLI1 expression (data not shown), but the others were not
among the epitopes studied. We also observed a limited positive
correlation between FLI1 levels and protein kinase C 	, which has
been shown to directly phosphorylate FLI1 in response to TGF�.45

Our results also showed a positive correlation between FLI1 and
the STAT3 protein, which is known to regulate the FLI1 pro-
moter.52 Levels of cyclinD3 and FLI1 were also positively corre-
lated in this dataset, which is consistent with data showing that
FLI1 maintains high levels of cyclin D3 and cyclin D2 in
erythroblasts, thereby promoting proliferation over differentiation.53

In summary, this study demonstrates that FLI1 expression is
abnormally high in 1/3 of AML patients, and that its overexpression
is an adverse prognostic factor. FLI1 protein expression is corre-
lated with many expected targets of FLI1, suggesting that FLI1
plays an active role in defining AML cell biology. This identifies

Table 4. Correlation between FLI1 and SMAD 4 expression

FLI1/SMAD4 Low Middle High

Above 18 40 74

Equal 100 109 54

Below 17 1 2

Overall 
2 � 80.97; P � .0000001.

Figure 4. List of proteins significantly correlated with FLI1 expression. Positive
correlations are shown in red and negative correlations in green. All had a R � 0.3
and P � .00001. A list of proteins that were also significantly correlated but below
R � 0.3 is presented in supplemental Table 1.

Table 5. The FLI1-SMAD4 edge is significantly different from normal
in nearly all cytogenetic abnormalities seen with AML

Cytogenetic abnormality P

t8;21 .0002187

inv16 .0000013

t15;17 .0041145

Diploid .0000004

IM .0310288

NAM .0336813

�5 .0006223

�7 .0000010

8 .0000409

�5, �7 .0000104

�5, �7, �8 .0148684

�7, �8 .0018131

inv9 .0002494

11q23 .0032157

21 .0010084

Misc .0000000

t6;9 .3476475

t9;22 .6986870
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FLI1 and/or its response genes as new targets for therapeutic
intervention in AML.
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Figure 6. PPI network for the FLI1-SMAD4 axis. Fli1 interacts with 2 subsets of proteins: 1 group lacks interaction with SMAD4 and the other has PPI with SMAD4 through
1 or 2 intermediaries. Proteins not studied on the RPPA are in blue, those with positive correlation are in red, and those with negative correlation are in green. Edges between
components that did not interact with FLI1 and SMAD4 have been removed for clarity.

Figure 5. Effect of FLI1 and SMAD4 on patient survival. The effect of SMAD 4 level, divided into thirds, on overall survival is shown in panel A. The effect of the combination
of FLI1 and SMAD4 level on overall survival is shown in panel B. Cohorts are divided based on whether FLI1 levels were equal to or above normal, and then on whether the
SMAD4 level was in the low, middle, or highest third. Patients with below-normal FLI1 were removed for clarity. Survival of those with high FLI1 and high SMAD4 had inferior
survival (median 33 weeks) compared with those with normal FLI1 and any level of SMAD4 (median 59 weeks; P � .0035), but equally poor survival as those with high FLi1 and
medium SMAD4 (median 35 weeks; P � .52).
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3. Mélet F, Motro B, Rossi DJ, Zhang L, Bernstein A.
Generation of a novel Fli-1 protein by gene tar-
geting leads to a defect in thymus development
and a delay in Friend virus-induced erythroleuke-
mia. Mol Cell Biol. 1996;16(6):2708-2718.

4. Maroulakou IG, Bowe DB. Expression and func-
tion of Ets transcription factors in mammalian de-
velopment: a regulatory network. Oncogene.
2000;19(55):6432-6442.

5. Truong AH, Ben-David Y. The role of Fli-1 in nor-
mal cell function and malignant transformation.
Oncogene. 2000;19(55):6482-6489.

6. Watson DK, Smyth FE, Thompson DM, et al. The
ERGB/Fli-1 gene: isolation and characterization
of a new member of the family of human ETS
transcription factors. Cell Growth Differ. 1992;
3(10):705-713.

7. Spyropoulos DD, Pharr PN, Lavenburg KR, et al.
Hemorrhage, impaired hematopoiesis, and lethal-
ity in mouse embryos carrying a targeted disrup-
tion of the Fli1 transcription factor. Mol Cell Biol.
2000;20(15):5643-5652.

8. Kawada H, Ito T, Pharr PN, et al. Defective mega-
karyopoiesis and abnormal erythroid develop-
ment in Fli-1 gene-targeted mice. Int J Hematol.
2001;73(4):463-468.

9. Hart A, Melet F, Grossfeld P, et al. Fli-1 is required for
murine vascular and megakaryocytic development
and is hemizygously deleted in patients with throm-
bocytopenia. Immunity. 2000;13(2):167-177.

10. Masuya M, Moussa O, Abe T, et al. Dysregulation
of granulocyte, erythrocyte, and NK cell lineages
in Fli-1 gene-targeted mice. Blood. 2005;105(1):
95-102.

11. Zhang XK, Moussa O, LaRue A, et al. The tran-
scription factor Fli-1 modulates marginal zone
and follicular B cell development in mice. J Immu-
nol. 2008;181(3):1644-1654.

12. Seth A, Watson DK. ETS transcription factors and
their emerging roles in human cancer. Eur J Can-
cer. 2005;41(16):2462-2478.

13. Watson DK, Turner DP, Scheiber MN, Findlay VJ,
Watson PM. ETS Transcription factor expression
and conversion during prostate and breast cancer
progression. Open Cancer J. 2010;3:24-39.

14. Torlakovic EE, Slipicevic A, Florenes VA, et al.
Fli-1 expression in malignant melanoma. Histol
Histopathol. 2008;23(11):1309-1314.

15. Galang CK, Muller WJ, Foos G, Oshima RG, Hauser
CA. Changes in the expression of many Ets family
transcription factors and of potential target genes in
normal mammary tissue and tumors. J Biol Chem.
2004;279(12):11281-11292.

16. He J, Pan Y, Hu J, et al. Profile of Ets gene ex-
pression in human breast carcinoma. Cancer Biol
Ther. 2007;6(1):76-82.

17. Sakurai T, Kondoh N, Arai M, et al. Functional
roles of Fli-1, a member of the Ets family of tran-
scription factors, in human breast malignancy.
Cancer Sci. 2007;98(11):1775-1784.

18. Zhang J, Guo H, Zhang H, et al. Putative tumor sup-
pressor miR-145 inhibits colon cancer cell growth by
targeting oncogene Friend leukemia virus integration
1 gene. Cancer. 2011;117(1):86-95.

19. Crossen PE, Morrison MJ, Rodley P, Cochrane J,
Morris CM. Identification of amplified genes in a
patient with acute myeloid leukemia and double
minute chromosomes. Cancer Genet Cytogenet.
1999;113(2):126-133.
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