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Abstract

Emerging data demonstrate important roles for the TYRO3/AXL/MERTK receptor tyrosine
kinase (TAM RTK) family in diverse cancers. We investigated the prognostic relevance of GAS6
expression, encoding the common TAM RTK ligand, in 270 adults (n=71 aged <60 years; n=199

Users may view, print, copy, download and text and data- mine the content in such documents, for the purposes of academic research,
subject always to the full Conditions of use: http://www.nature.com/authors/editorial_policies/license.html#terms

Correspondence: Mi%hael A. Caligiuri, MD, The Ohio State University Comprehensive Cancer Center, The James Cancer Hospital,
Suite 519, 300 W. 10! Avenue, Columbus, OH 43210; michael.caligiuri@osumc.edu; Guido Marcucci, MD, The Ohio State
University Comprehensive Cancer Center, Biomedical Research Tower 460 W. 12th Ave, The Ohio State University, Columbus, OH
43210; guido.marcucci@osumc.edu; Clara D. Bloomfield, MD, The Ohio State University Comprehensive Cancer Center, 1216
James Cancer Hospital, 300 West 10t Ave, Columbus, OH 43210; clara.bloomfield@osumc.edu.

Author contributions S.P.W., M.A.C., G.M., C.D.B designed the study and analyzed the data. S.P.W., J.K., K. Maharry, K. Mrozek,
M.A.C., G.M. and C.D.B wrote the manuscript, and all authors agreed to the final version. J.K., K. Maharry, D.N. and S.V. performed
statistical analyses. S.P.W., K.H.M., SW., H.B., J.M., A.-K.E., AJ.C. and I-K.P. generated, compiled and interpreted lab data. B.L.P.,
T.H.C., M.R.B,, JEK, RM.S., M.A.C., G.M,, C.D.B. were involved directly or indirectly in care of patients and/or sample
procurement.

Supplemental material is available at the journal of Leukemia website. (http://www.nature.com/leu)
Conflicts of Interest statement: The authors do not have any conflicts of interest, including financial, to disclose related to this work.


http://www.nature.com/leu

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Whitman et al. Page 2

aged =60 years) with de novo cytogenetically normal acute myeloid leukemia (CN-AML). Patients
expressing GAS6 (GAS6+), especially those aged =60 years, more often failed to achieve a
complete remission (CR). In all patients, GAS6+ patients had shorter disease-free (DFS) and
overall (OS) survival than patients without GAS6 expression (GAS6-). After adjusting for other
prognostic markers, GAS6+ predicted CR failure (P=0.02), shorter DFS (P=0.004) and OS
(P=0.04). To gain further biologic insights, we derived a GAS6-associated gene-expression
signature (P<0.001) that in GAS6+ patients included overexpressed BAALC and MN1, known to
confer adverse prognosis in CN-AML, and overexpressed CXCL12, encoding stromal cell-derived
factor, and its receptor genes, CXCR4 and CXCRY7. This study reports for the first time that GAS6
expression is an adverse prognostic marker in CN-AML. Although GAS6 decoy receptors are not
yet available in the clinic for GAS6+ CN-AML therapy, potential alternative therapies targeting
GAS6+-associated pathways, e.g., CXCR4 antagonists may be considered for GAS6+ patients to
sensitize them to chemotherapy.

Keywords
GAS6; acute myeloid leukemia; prognosis

INTRODUCTION

Constitutive activity of the receptor tyrosine kinase (RTK) family has been observed in
malignant blasts from patients with acute myeloid leukemia (AML). Members of the RTK
family include FLT3 and KIT, whose constitutive kinase activity can occur through several
mechanisms, such as mutationally-induced autophosphorylation, receptor overexpression
and/or aberrant expression of the receptors’ ligands.1-3 The constitutive activity of FLT3 and
KIT has been associated with poor clinical outcomes, and therapeutic targeting of activated
RTKs is currently an area of intense investigation.4-8

In cancer, another RTK family, the TAM RTKSs (i.e., TYRO3, AXL and MERTK), has been
shown to support survival, proliferation, migration, invasion, angiogenesis, metastasis and
chemoresistance,®12 and TAM RTK inhibitors are already in pre-clinical and clinical
development for several solid tumors.11-13 Although TAM RTKs are aberrantly expressed in
AML,11.14.15 tg date, only AXL expression has been reported to adversely impact outcome in
adults with cytogenetically normal AML (CN-AML).16

No AXL mutations have been described in AML, suggesting activation of AXL may occur at
least in part via aberrant autocrine expression of GASS, that binds AXL with high affinity
and is also the common ligand for all three TAM RTKs.1” GAS6 was shown to be aberrantly
expressed in AML cell lines.1® These data point to a possible role for the GAS6/TAM RTK
signaling axis in AML and prompted us to test the clinical impact of GAS6 expression in a
molecularly characterized cohort of chemotherapy-treated adults with de novo CN-AML.
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Patients

Cytogenetic
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Available pretreatment bone marrow or blood samples were obtained from 270 patients with
de novo CN-AML (aged 18 to 83 years; median, 66 years; n=71 aged <60 years; n=199 aged
=60 years) enrolled on Cancer and Leukemia Group B (CALGB)/Alliance companion
protocols 8461 (cytogenetic analyses), 20202 (molecular analyses) and 9665 (tissue
banking). Patients were treated on CALGB/Alliance protocols 8525, 8923, 9420, 9720,
10201, or 19808.19-25 The treatment protocols included cytarabine/daunorubicin-based
induction but differed with regard to consolidation therapy (for details see Supplemental
Material). Per protocols, no patient received allogeneic stem-cell transplantation in first
complete remission (CR). All protocols were in accordance with the Declaration of Helsinki
and approved by institutional review boards at each center, and all patients provided written
informed consent.

and molecular analyses

For the patient’s karyotype to be considered normal, =20 metaphases from short-term
cultures of the bone marrow specimens obtained at diagnosis had to have been analyzed and
the normal result confirmed by central karyotype review.26 Tissue samples were
cryopreserved after mononuclear cell enrichment through a Ficoll gradient. The presence or
absence of FLT3 internal tandem duplication (FLT3-1TD),2” FLT3 tyrosine kinase domain
mutations (FLT3-TKD),28 MLL partial tandem duplication (MLL-PTD),29:30 mutations in
the NPM1,31 CEBPA,32 WT1,23 TET2,34 IDH1/2,35 RUNX1,%6 ASXL136 and DNMT3A3’
genes, and BAALC,38 ERG,38 and MN139 expression levels were assessed centrally as
previously described. Patients were also categorized according to the European
LeukemiaNet (ELN) reporting system.4® CN-AML patients with CEBPA mutation and/or
NPM1 mutation without FLT3-1TD were classified in a Favorable genetic group and those
with wild-type CEBPA, FLT3-ITD and/or NPM1 mutation, or wild-type NPM1 in an
Intermediate-1 genetic group

Expression analysis of GAS6 and TAM RTKs

GAS6, TYRO3, AXL and MERTK transcript expression levels measured with Affymetrix
U133 plus 2.0 array (Affymetrix, Santa Clara, CA, USA) assays. The GeneAnnot chip
definition file was used to derive a single expression value for each gene per patient
sample.# For array normalization and expression value computation, the robust multichip
average method was implemented separately for samples from older and younger patients.*2

Patients were categorized as either expressing GAS6 (yes or GAS6-positive, hereafter
denoted GAS6+) if the probe-set fluorescence intensity (PFI) was greater than background
fluorescence intensity (BFI) and not expressing GAS6 (no or GAS6-negative denoted
GAS6-) if the GAS6 PFI was less than or equal to the BFI. Similarly, patients were
categorized as either TYRO3+ or AXL+ (if the PFIs were greater than BFI) and TYRO3- or
AXL- (if the PFIs were less than or equal to BFI). The MERTK PFI was above the BFI in all
samples and, based on an optimal cutpoint analysis (see Supplemental Material),*3 patients
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were grouped into high expressers (MERTK+) or lower expressers (MERTK-) if they were
in the upper two tertiles or in the lowest tertile groups, respectively.

Affymetrix-microarray gene expression profiling analysis

To establish a signature of genes differentially expressed between GAS6+ and GAS6-
patients, we evaluated the aforementioned Affymetrix gene-expression profiles. Normalized
expression values were compared between GAS6+ and GAS6- patients and a univariable
significance level of P<0.001 was used to identify differentially expressed genes. A global
test of significance based on a permutation procedure was performed to determine whether
or not the number of differentially expressed genes was more than expected by chance. The
false discovery rate (FDR) was used to assess multiple testing errors. A permutation test was
computed based on 1 000 random permutations.

The Ingenuity Pathway Analysis tool (IPA Tool; Ingenuity H Systems, Redwood City, CA,
USA,; http://www.ingenuity.com) was used to identify enriched biological networks, global
functions and functional pathways. Genes with altered expression profile associated with
GAS6 expression status were imported into the IPA Tool. As a second means for identifying
enriched ontologies, the web-based Database for Annotation, Visualization, and Integrated
Discovery (DAVID) tool (DAVID Bioinformatics resources 6.7 http://
david.abcc.ncifcrf.gov/) was used.

Clinical endpoints and statistical analyses

Baseline characteristics were compared between GAS6+ and GAS6- patients using the
Fisher’s exact test for categorical variables and the Wilcoxon rank-sum test for continuous
variables. Definitions of clinical endpoints [i.e., CR, disease-free (DFS) and overall (OS)
survival] and details of outcome analyses are provided in the Supplemental Material.
Briefly, for time-to-event analyses, we calculated survival estimates using the Kaplan-
Meier*4 method, and compared groups by the log-rank test. We constructed age group-
adjusted multivariable logistic regression models to analyze factors associated with the
achievement of CR, and age group-adjusted multivariable Cox proportional hazards
models* for factors associated with survival endpoints. All analyses were performed by the
Alliance for Clinical Trials in Oncology Statistics and Data Center.

RESULTS

Association of GAS6 expression status with clinical characteristics, TAM RTK expression
status and molecular markers at diagnosis

Of the 270 patients, 26% of patients were GAS6+, (n=69) and 74% GAS6- (n=201). At
diagnosis, GAS6+ patients had higher platelet counts (P=0.03), lower percentages of blood
blasts (P=0.01), more often hepatomegaly (P=0.006) and co-expression of AXL (28% vs 5%,
P<0.001) compared with GAS6— patients. There was no association between GAS6 and
TYRO3 expression (P=0.74), whereas more GAS6- than GAS6+ patients were MERTK+
(P=0.02, Table 1). Compared with GAS6- patients, GAS6+ patients were more often wild-
type for NPM1 (P<0.001) and CEBPA (P=0.02) and therefore more often in the ELN
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Intermediate-1 Genetic Group (P<.001), and had mutations in RUNX1 (P<0.001) and ASXL1
(P=0.002), and high BAALC (P=0.02) and MN1 (P=0.05; Table 1) expression.

Impact of GAS6 expression on clinical outcomes of de novo CN-AML patients

In age group-adjusted analyses, GAS6+ expression associated with lower odds of achieving
CR (P<0.001; Table 2), with CR rates significantly different in patients =60 years of age
[46% GAS6+ (n=54) vs 74% GAS6— (n=145); P<0.001]. None of the TAM RTKSs impacted
on CR (Table S1). To assess whether GAS6 expression independently affects clinical
outcomes when other known clinical and molecular prognostic features are considered, we
performed multivariable analyses (MVAs). For CR, GAS6+ status predicted lower
probability of achieving CR [(P=0.02; odds ratio (OR), 0.46; 95% confidence interval (Cl),
0.23-0.89)], after adjusting for the ELN CN-AML Genetic Group*® status, BAALC
expression status, white blood cell (WBC) count and age group (Table 3).

GAS6+ expression associated with shorter DFS (P=0.03) and OS (P=0.004) compared with
GAS6- patients (Table 2 and Figure 1). As single markers, neither AXL nor MERTK
influenced DFS or OS, whereas TYRO3 expression adversely impacted on both endpoints
(Table S1). In multivariable modeling for DFS and OS, we noted a significant interaction
(DFS, P=0.01; OS, P=0.04) between GAS6 expression and the combined TYRO3 and AXL
expression status. In the dual receptor-positive patients, i.e., positive for one or both TYRO3
and AXL expression, GAS6 expression did not independently impact outcome, which may be
reflective of the interplay between the GAS6 ligand and the TYRO3 and AXL receptors
(Table 3). In the dual receptor-negative patients, i.e., negative for both TYRO3 and AXL
expression, GAS6 expression remained an independent, adverse prognostic marker. Within
the subgroup of dual receptor-negative patients, GAS6+ expression was a predictor of
shorter DFS (P=0.004; hazard ratio (HR)=2.12; 95% Cl, 1.27-3.56) and after adjusting for
WT1 and DNMT3A R882 mutations, BAALC expression and age group; and shorter OS
(P=0.04; HR=1.55; 95% Cl, 1.01-2.38) after adjusting for ELN group, WT1 and DNMT3A
R882 mutations, BAALC expression, WBC and age group.

A GAS6-associated gene expression signature in de novo CN-AML

To gain additional molecular insights into GAS6+ CN-AML, an Affymetrix microarray-
based gene expression signature was derived. The signature contained 1 238 genes that were
significantly differentially expressed between GAS6+ and GAS6— CN-AML blasts at
diagnosis (Table S2). Within this signature, genes for which high expression level is an
established adverse prognosticator in CN-AML were BAALC and MN1. These were
overexpressed, respectively, 2.57-fold and 2.41-fold in the GAS6+ subgroup. Although
hitherto not validated in large, independent patient sets, overexpression of the following four
genes was reported to have an impact on outcome of AML patients. These were APP, which
encodes the amyloid precursor protein and whose overexpression was associated with
shorter survival than that of AML patients without APP overexpression#® (overexpressed
3.37-fold in GAS6+ patients); SETBP1, whose overexpression leads to PP2A inhibition,
promoting proliferation of leukemic cells*’ (overexpressed 1.73-fold); SPARC, which is
overexpressed in patients with IDH2-R172 mutations and contributes to AML
aggressiveness*8 (overexpressed 2.05-fold); and CD74, whose lower surface protein levels
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associated with achievement of CR/partial CR in AML patients ages 60-75 years treated
with bortezomib in combination with chemotherapy (overexpressed 2.51-fold).4° Moreover,
overexpressed in GAS6+ CN-AML diagnostic samples were CXCL12 (3.2-fold), encoding
for stromal cell-derived factor-1, and genes encoding both of its receptors, CXCR4 (1.52-
fold) and CXCR7 (1.72-fold). Overexpression of CXCR4 has been previously associated
with adverse clinical outcome in patients with CN-AML50:51

CEBPA was among the 611 genes underexpressed in GAS6+ patients. Mutations in the
CEBPA gene that encodes a transcription factor are associated with better outcome of AML
patients (Table S2).32 CD33, encoding an immunotherapeutic target in AML, was also
underexpressed (1.67-fold) in GAS6+ patients.

Gene expression signatures were not identified for any of the TAM RTKSs (less than 10
genes, with FDRs of 10%; data not shown). Indeed, there was no apparent contribution from
TAM RTKs in profiling analyses combining GAS6 with each of the TAM RTKs. This
indicates that it is GAS6 expression status that drives the differential gene expression we
observed.

Pathway analysis revealed that the GAS6-associated gene expression signature contained the
following overrepresented molecular and cellular functions: a) cell cycle, b) cellular growth
and proliferation, c) cell death and survival, d) cellular assembly and organization and, €)
DNA replication, recombination and repair (Table 4). The top canonical pathways included
a) IL-8 signaling, b) growth hormone signaling, ¢) mitotic roles of Polo-like kinase, d)
CXCR4 signaling and e) Tec kinase signaling (Table 4). Of the top upstream regulators,
colony stimulating factor 2 (granulocyte-macrophage), CSF2, was predicted by Ingenuity to
be activated, while the cyclin dependent kinase inhibitor, CDKN1A, was predicted by
Ingenuity to be inhibited (Table 4). A second analysis using DAVID also identified enriched
clusters of genes, with the most highly enriched cluster (score of 9.66; Benjamini corrected
P-values ranging from 2.8E-9 to 3.5E-6) containing genes involved in the cell cycle (data
not shown).

DISCUSSION

We report herein that GAS6 expressed by AML blasts is a marker of poor clinical outcomes
in adults with CN-AML, independent of other established prognostic markers in this
cytogenetic subset. Not only does GAS6 expression predict CR failure, albeit driven by older
age, it has also a negative impact on DFS and OS in the studied cohort. The MVA revealed
the negative prognostic impact of GAS6 was in patients whose leukemic blasts did not
express TYRO3 and AXL. This suggests that GAS6 may contribute to a more aggressive
disease through signaling mechanisms that are not dependent on AXL and TYRO3 expression
within the AML cells. Perhaps it is the third GAS6 receptor, MERTK that together with
GAS6 has a role within the TYRO3—/AXL— patient subgroup. Based on recently published
data related to MERTK function in leukemia, MERTK, even when expressed at relatively
low levels appears to contribute to a leukemic phenotype. 14 However, in the current study,
too few numbers of patients prohibited a reliable GAS6/MERTK subgroup analyses.
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Given that GAS6 expression has an adverse impact on CR achievement, mainly in older
patients, and on DFS and OS in all patients, this warrants development of novel, less toxic
and perhaps more personalized therapies targeting GAS6. We recently reported that
blocking the engagement of GAS6 to the AXL receptor with soluble AXL-Fc chimeric
protein inhibits downstream signal transduction, inducing differentiation and apoptosis in
human AML cell lines and patient samples with activated AXL.>* Consistent with our
work,>* a recent study by Ben-Batalla et al,>® showed that pharmacologic inhibition of
GAS6/AXL signaling induces leukemic cell death. We did not find an impact of AXL-
positive expression as a sole marker on outcomes in our study, whereas AXL expression
above the median was associated with shorter OS in the Ben-Batalla and colleagues study.>®
This may be explained in part by therapy differences and differences in patient cohort
characteristics. Their study exclusively analyzed adult patients <60 years of age, whereas
73% of patients in our study were 60 years of age or older.

As our study measured GASG6 transcript levels, the relationship between GAS6 mRNA,
protein and secretion in AML is not yet clear. However, there are several studies of various
solid cancers that report GAS6 mRNA and protein are present within the tumor cells. For
example, Buehler and coworkers recently reported that GAS6 mRNA and the translated
protein are both elevated within ovarian cancer.8 Additionally, GAS6 mRNA and protein
levels were found in 81% and 74% of glioblastoma multiforme tissue samples, suggesting a
close 1:1 relationship between transcription and translation of GAS6.57 As for secretion,
Ben-Batalla, and co-workers performed immunohistochemistry for GAS6 on five AML
patients’ bone marrows and concluded that stromal cells are the primary source of secreted
GAS6 ligand (their Figure 1 and Supplement Table 3)%°

Interaction of the GAS6/TAM RTK signaling axis with the stromal microenvironment in
solid tumors has been associated with poor progression-free survival,®8:9 A similar
mechanism may be active in chemotherapy-resistant AML patients that express GAS6. This
suggests a potential for novel therapies targeting GAS6+ leukemic blasts that could also
simultaneously inhibit negative effects of GAS6 in the microenvironment, ultimately
improving patient survival. Promising studies using decoy receptors showed significant
activity against the growth of lung carcinoma cells in a xenograft model,13 and the absence
of toxicity in normal murine tissues or hematopoiesis is encouraging.6% Given our current
findings, GAS6-targeted therapeutic agents could lead to higher CR rates, particularly, as
our data indicate, benefiting older patients, and possibly prolonging survival of the GAS6+
subset of CN-AML patients. Furthermore, while our results await independent validation,
development of GAS6 decoy receptors, in addition to selective small molecule TAM
inhibitors, appears warranted.

Meanwhile, in the short term, one possibility for improving outcomes of GAS6+ patients is
alluded to by the GAS6-associated gene expression signature we identified. Overexpression
of CXCR4 and its ligand was detected in pretreatment samples from patients expressing
GAS6. In separate reports, overexpression of this signaling axis associated with increased
risk of relapse and shorter overall survival in AML.%9°1 CXCR4 is expressed on normal
hematopoietic stem cells and regulates stem cell homing and retention in the BM when
CXCL12, produced by BM stroma, engages the receptor.6 The CXCR4 antagonist,
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Plerixafor, currently has FDA approval in combination with G-CSF as a stem cell
mobilizing agent for patients with multiple myeloma and non-Hodgkin lymphoma who
undergo autologous hematopoietic stem cell transplantation.62 Uy and co-workers®? recently
reported their results of a phase I/11 clinical trial that demonstrated antagonizing the
CXCL12/CXCR4 axis with Plerixafor induces chemosensitization of relapsed or refractory
AML blasts. Thus, although GAS6 decoy receptors are not yet available in the clinic for
GAS6+ CN-AML therapy, potential alternative therapies such as CXCR4 antagonists should
be considered for GAS6+ patients to sensitize them to chemotherapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Clinical outcome by GAS6 expression status. Survival curves for (a) disease-free survival

(DFS) and (b) overall survival (OS) are displayed for GAS6+ and GAS6- patient groups.
Data were age adjusted (<60 years of age, n=71; =60 years of age, n=199).
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Comparison of clinical and molecular characteristics of de novo cytogenetically normal AML patients

according to GAS6 expression status

Table 1

Variabl GAS6+2  GAS6-2 b
ariable (n=69)  (n=201) "
Age, years 0.02

Median 68 65
Range 37-81 18-83
Age group, n (%) 0.35
<60 years 15 (22) 56 (28)
>60 years 54 (78) 145 (72)
Male sex, n (%) 35 (51) 101 (50) 1.00
Race, n (%) 0.81
White 63 (93) 181 (91)
Non-white 5(7) 19 (9)
Hemoglobin, g/dL 0.56
Median 9.4 9.4
Range 6.4-125  4.8-15.0
Platelet count, x10%/L
Median 84 66
Range 11-309 4-850
White blood cell count, x10%/L
Median 211 26.5
Range 1.0-434.1  1.0-450.0
Blood blasts (%) 0.01
Median 40 59
Range 0-96 0-99
Bone marrow blasts (%) 0.87
Median 70 67
Range 7-97 4-97
Extramedullary involvement, n (%) 20 (29) 45 (23) 0.33
Hepatomegaly 8(12) 5(3) 0.006
TYRO3 expression group @, n (%) 0.74
Positive 16 (23) 43 (21)
Negative 53 (77) 158 (79)
AXL expression group &, n (%) <0.001
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GAS6+2

GAS6-2

i b

Variable (n=69) (n=201) p
Positive 19 (28) 11 (5)

Negative 50 (72) 190 (95)

MERTK expression C, n (%) 0.02
Positive 38 (55) 143 (71)

Negative 31 (45) 58 (29)
TYRO3/AXL dual receptor 4, n (%) 30 (43) 51(25)  0.006
NPML1, n (%) <0.001

Mutated 20 (29) 141 (70)

Wild-type 48 (71) 60 (30)
FLT3-ITD, n (%) 0.56

Present 26 (38) 68 (34)

Absent 42 (62) 133 (66)

CEBPA, n (%) 0.02
Mutated 4 (6) 35 (17)

Single mutated 4 19
Double mutated 0 16

Wild-type 64 (94) 166 (83)

ELN Genetic Group €, n (%) <0.001
Favorable 12 (18) 115 (57)
Intermediate-| 56 (82) 86 (43)

FLT3-TKD, n (%) 1.00
Present 7 (10) 23(11)

Absent 61 (90) 178 (89)

WT1, n (%) 0.25
Mutated 2(3) 15 (7)
Wild-type 66 (97) 186 (93)

TET2, n (%) 0.43
Mutated 15 (22) 55 (28)
Wild-type 52 (78) 143 (72)

MLL-PTD, n (%) 1.00
Present 4(6) 13(7)

Absent 64 (94) 182 (93)

IDH1, n (%) 0.83
R132 5(7) 24 (12)

V71l 2(3) 0(0)
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GAS6+8  GAS6-2

i b

Variable (n=69) (n=201) p
Wild-type 60 (90) 173 (88)

IDH2, n (%) 0.72

IDH2 14 (21) 37 (19)
R140 8 33
R172 6 4

Wild-type 53 (79) 160 (81)

RUNX1, n (%) <0.001
Mutated 27 (44) 9(5)

Wild-type 35 (56) 173 (95)

ASXL1, n (%) 0.002
Mutated 16 (24) 16 (8)
Wild-type 51 (76) 179 (92)

DNMT3A, n (%) 0.76
Mutated 21(32) 66 (35)

R882 17 40
Non-R882 4 26
Wild-type 44 (68) 124 (65)

ERG expression group fn (%) 0.33
High 30 (43) 102 (51)

Low 39 (57) 99 (49)

BAALC expression group fin (%) 0.02
High 44 (64) 93 (46)

Low 25 (36) 108 (54)

MN1 expression group fon (%) 0.05
High 34 (65) 65 (48)

Low 18 (35) 70 (52)

Abbreviations: FLT3-ITD, internal tandem duplication of the FLT3 gene; ELN, European LeukemiaNet; FLT3-TKD, tyrosine kinase domain
mutation in the FLT3 gene; MLL-PTD, partial tandem duplication of the MLL gene.

aAII patients with GAS6 probe-set fluorescence intensity greater than the background fluorescence intensity (BFI) are defined as GAS6-positive
(GAS6+) and those with GAS6 probe-set intensity less than or equal to the BFI as GAS6-negative (GAS6-). Similarly, patients were categorized as
either TYRO3+ (TYRO3 expression greater than BFI) or TYRO3- (if TYRO3 expression was less than or equal to BFI) and AXL+ (expression
greater than BFI) or AXL- (expression less than or equal to BFI).

b . . . . . .
P-values for categorical variables are from Fisher’s exact test, P-values for continuous variables are from Wilcoxon rank sum test.

cAII patients in the upper 2/3 of the values of MERTK are defined as MERTK+. All patients in the lower 1/3 of the values of MERTK are defined as
MERTK-.

dIf patient has AXL+ and TYRO3+ expression, AXL+ and TYRO3- expression, or AXL- and TYRO3+ expression then TYRO3/AXL dual receptor is
defined to be positive. If a patient has AXL— and TYRO3- expression then TYRO3/AXL dual receptor is defined to be negative.
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eAccording to the ELN recommendations,40 Favorable Genetic Group is defined as CEBPA-mutated or FLT3-1TD-negative and NPM1-mutated.
Intermediate-1 Genetic Group is defined as CEBPA wild-type and FLT3-1TD-positive and NPM1-mutated, FLT3-1TD-negative and NPM1-wild-
type, or FLT3-ITD-positive and NPM1-wild-type.

f . . .
The median expression value was used as the cutoff for high and low values.
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Table 2

Age group-adjusted analyses of outcomes by GAS6 positive expression versus no expression in de novo
cytogenetically normal AML patients

Outcome Endpoint  OR/HR (95% CI) P

CR 0.35(0.20,0.63)  <0.001
DFS 1.55 (1.05, 2.26) 0.03
oS 1.55 (1.16, 2.09) 0.004

Abbreviations: CR, complete remission; DFS, disease-free survival; OS, overall survival; OR, odds ratio; HR, hazard ratio; Cl, confidence interval.

Note: ORs < 1.0 means a lower CR rate, and HRs > 1.0 mean higher risk

Leukemia. Author manuscript; available in PMC 2014 December 01.



Page 19

Whitman et al.

Author Manuscript

100°0>
8000
T00°0>
¥0°0
1000
8000
¥0'0
¥€0
¥0°0

100°0>
100
1000
100
100
€0
7000

L00°0
T00°0>
T00°0>

€00
¢00

(zz'v-002) 06°C
(SZTv0T) ¥T'T
(ve'c-62T) VLT
(S0'2-20T) SV'T
(S57-2¥'T) 65°C
(68°0-9%°0) ¥9'0

(0£'T-2°0) 8L°0
(8€Z-T0T) SS'T

(12 %S6) ¥H

(66'€-2.T) 29°C
(Gz'z-0TT) 85T
(e6'262T)G6'T
(eg's-vz'1) 292

(8£°1-8£0) €£2°0
(95°¢-22T) 2T

(10 %S6) ¥H

(5L'0-97°0) 5€'0
(LL°0-2v0) 250
(05°0-€1°0) 92°0
(ezv-L0T) €T'C
(68°0-€2°0) 970
(10 %S6) 4O

(s1eak 09> s sseah 09<) dnoub aby
(sBaJOUI 31UN QG ‘SNONURUO0I) JUNOD DM

Qoso_ sA ybiy) uoissaidxs Dvve

(8dA)-pjim pue paeinw zggy-uou sA palenu zggy) VELIAING
(adAy-pjim sA pareinw) TIM

e(1-a1e1paWwIB)U| SA B]geJones) dnois) d1sUsD N3

snyels 101dadal [enp TX/SOYAL PUB SNJEIS LUOISsaIdXa 9SS Usamiaq Uondesaiu|
suatted +103da2al [enp IXY/EOUAL
syuaned -103da2a1 [enp IXV/EOUAL
(- sA +) uoissaldxs 9SO
d|qetren
[EAIAINS [[BJ3NO
(s1eak 09> s s1eak 09<) dnolb aby
Qoso_ sA ybiy) uoissaidxa Dvvd

(9dA¥-pim pue parenw zggy-uou sA pajeInw zggy) VELING
(3dA1-plim sn parenw) TLm
snyels 101dadal [enp TXV/SOYAL PUB SNJelS LUoISsaldXa 9SS Uaamiaq Uoroessiu|
sjuaned +101dsdal [enp IXV/SOUAL
sjuatyed —103da2al [enp IXV/EOHAL
(- SA +) uoissaidxa 9SyO
d|qerren
[eAIAINS 88.-a5e3s1q
(s1eak 09> sA sieak 09<) dnolb aby
(asea.0ul 31UN OG ‘SNONURU0D) JUNOD DG

q (mo] sA ybiy) uoissaidxs Dvveg
(I-a1eIpawLBlU| SA 3]qelone) dnois onsusD N3

(- sA +) uoissaldxs 9SO
d|qerreA

uoissiwaJ a8|dwo)

€9l|qel

Author Manuscript

s|apouw ajqeLeAn|nA

Author Manuscript Author Manuscript

Leukemia. Author manuscript; available in PMC 2014 December 01.



Page 20

Whitman et al.

"(sreak 09> sA sreak 09<) dnoub abe ‘(asealoul J\moﬁxomv uNnod DgM ‘(moj sA ybiy) D1vvg ‘(moj sa ybiy) 943 ‘(adAi-piim
pue pajeInW Z8gy-uUou SA parelnw zggy) VELINNG ‘(2dA1-pjim sa pareinw) TXNNY ‘(1uasqe sA asaid) Ld-TTIA ‘(2dA1-pjim sa pareinw) T1M ‘(1-21e1pawiiaiu] SA ajqeioned) N3 ‘(- SA +) sniels 10idadal
[BNP TXV/EOUAL ‘(- SA +) 9SVD ‘[AIAINS |[BIDA0 10} {(S1e3A 09> SA sieak 09=) dnoub afe ‘(mo] sa ybiy) OTvve ‘(Mo] sA ybiy) 943 ‘(adAi-pim pue parenw zggy-uou sA pajeInu zggy) VELING ‘(ussqe

sAJuasald) ald-TTN ‘(edA-ppim sa pareinw) TIM ‘(1-ereIpawiaiu] SA ajgeloned) N3'(— SA +) sniels J01dadal [enp IXV/EOHAL ‘(- SA +) 9SVO ‘[eAIAINS 9a1)-aseasip 10y :(sieak 09> SA sieak 09<) dnolb
abe ‘(quasqe SA Juasaid) JusWBA|oAUI Alejnpawesxa ‘(asealoul ._\mOonmv unod DgM ‘(aseasoul ._\mo?omv sjunod 18ja3e|d ‘(Mo sA ybiy) O1vvg ‘(moj sa ybiy) 943 ‘(edA-pjim sa pareinw) TIXSY ‘(2dA)
-pIIM SA pateinw) T ‘(1-81e1pawdiu| SA 81qeioned) N3 ‘(- SA +) 9SO ‘UoISSIwal 813|dwod 4oy ‘a1 ‘S|apow a|gelieAlun Ul 0Z =" Je JuedIIUBIS 350U} 8JaM PaJapISU0D Sa|gelieA "Sa|qelien [ea1iobaled

8 404 paisi| A106a3ed 1S41) 8Y) PUB S8|BIIBA SNONUIIUOI 8y} 4O SanjeA Jaybiy ayy 4oy s (Jamoy) Jaybiy uesw QT (>) < SYH pue ‘ajel uoissiwal 83a|dwod (1amof) Jaybiy e uesw 0'T (>) < SHO 810N

*dnouB uoissaidxa Mo| 10 YBIY sy} Ul 19Mm Ssjualied JaYIBYM BUILLIZISP 0} Pasn Sem Ind cm_vw_\,_g

*9dA1-plIM-TINAN pue aAmsod-a L |-€ 174 10 ‘8dA1-plIm-TINN pue aaebau-aL-g 114 ‘pareinw-TINdN pue aasod-aLI-€.174 pue adA1-pjim vdg30 se paulsp
S1 dnoJS) 211BUSS) [-aTeIPaWLIBIU| "PaTeINW-TINAN Pue aAlebau-gl1-£174 40 paleInw-ydg3D Se paulyap si dnois) J1auss) ajgqelone ov.mco_accmEEoo& (N713) 19NelwaxnaT ueadoin3 ay} 0} mc_EoS{m

"011BJ pIBZRY “YH ‘(199 POOIG BHYM ‘DM ‘[eAIBIUI 30USPILUOD ‘IO ‘011l SPPO *HO :SUOIBIAIGQY

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Leukemia. Author manuscript; available in PMC 2014 December 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Whitman et al.

Biological pathways over-represented in the GAS6 expression signature in cytogenetically normal AML

Table 4

Molecular and cellular functions (number of genes) @
Cell cycle (202)
Cellular growth and proliferation (360)
Cell death and survival (363)
Cellular assembly and organization (195)

DNA replication, recombination and repair (136)

pb
7.75E-17 to 2.15E-032
3.48E-15 to 2.41E-03
5.28E-15 to 2.44E-03
2.76E-11 to 2.33E-03
2.76E-11 to 2.15E-03

Top canonical pathways &

Interleukin-8 signaling 5.43E-06
Growth hormone signaling 2.28E-05
Muitotic roles of Polo-like kinase 7.24E-05
CXCR4 signaling 1.23E-04
Tec kinase signaling 1.62E-04
Top upstream regulators &
Colony stimulating factor 2 (granulocyte-macrophage), CSF2 9.17E-16
Cyclin-dependent kinase inhibitor, COKN1A 2.55E-15

aThese data were obtained from Ingenuity’s Pathway Analysis program (see Methods)

Significance values shown indicate the range of P-values for each of the genes that were identified within each of the annotated functions listed
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