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Supplementary Material to Jentzsch et al.: High expression of the stem cell 

marker GPR56 at diagnosis identifies acute myeloid leukemia patients at 

higher relapse risk after allogeneic stem cell transplantation in context with the 

CD34+/CD38- population 

 

Difference to the published patient set used to analyze the prognostic impact of the 

CD34+/CD38- cell burden at diagnosis 

Previously, we showed a high CD34+/CD38- bone marrow (BM) cell burden (≥6%) at 

diagnosis to associate with inferior overall (OS) and disease-free survival in acute myeloid 

leukemia (AML) patients receiving an allogeneic hematopoietic stem cell transplantation 

(HSCT) in complete remission (CR).1 For 123 of these patients, pretreatment BM material for 

GPR56 analysis at diagnosis was available. Additionally, this set was expanded by 57 

patients receiving HSCT in CR or CR with incomplete peripheral recovery (CRi) with 

information on the CD34+/CD38- cell burden and pretreatment BM material available as well 

as 33 patients with pretreatment BM material at diagnosis available but without information 

on the CD34+/CD38- cell burden at diagnosis. 

 

Further genetic and HSCT related information 

Additional morphologic information, surface antigen expression and allogeneic HSCT related 

information is shown in Supplementary Table S1. 

 

Treatment protocols  

In the subgroup of AML patients diagnosed at the age of 60 years or younger 106 received 

chemotherapy according to the AML 2002 study (OSHO #061),2 two patients received 

chemotherapy within the PKC412 protocol3 one patient was diagnosed with AML as a child 

and treated within the AML BFM-2014 study.4 Among AML patients older than 60 years at 

diagnosis, 95 were treated within the AML 2004 (#069, ClinicalTrials.gov Identifier: 

NCT01497002) study,5 and five patients were treated within the OSHO #083 protocol. 
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Allogeneic hematopoietic stem cell transplantation 

For consolidation therapy, all patients received an allogeneic HSCT after myeloablative 

(MAC) or non-myeloablative (NMA) conditioning in CR or CRi at the University of Leipzig. 

NMA conditioning was administered to 154 patients and consisted of three days of 30 mg/m2 

Fludarabine and a 2 Gy total body irradiation (TBI) on the day of HSCT. MAC HSCT was 

administered to 59 patients and consisted of two days of 60 mg/kg body weight (BW) 

Cyclophosphamide followed by or prior to 12 Gy TBI in two daily doses over three days. All 

patients received granulocyte-colony stimulating factor stimulated peripheral blood stem 

cells. Reasons for NMA as opposed to MAC-HSCT were age over 50 years in patients 

receiving unrelated HSCT or age over 55 years in patients receiving related HSCT (n=106), 

previous autologous HSCT (n=3) or active systemic infections (n=4). Patients harboring a 

core binding factor AML received an allogeneic HSCT in second CR or according to patients’ 

choice in first CR if a suitable donor was available. 

 

Prevention of graft-versus-host disease 

Prevention of graft-versus-host disease (GvHD) was different according to the two 

conditioning regimes used. All patients receiving MAC-HSCT were treated with cyclosporine 

A (CyA), beginning intravenously with 5 mg/kg BW in two daily doses from day -1. Blood 

levels of CyA were measured from day 0 and doses were adjusted for target levels of 200 

ng/ml. Patients also received methotrexate 15 mg intravenously on days +1, +3, +6 and +11 

after HSCT. Furthermore, patients with an unrelated donor additionally received in vivo T-cell 

depletion with thymoglobulin 2 mg/kg BW per day on days -3 to -1. All patients receiving 

NMA-HSCT were treated with the same dose CyA as MAC patients and additionally received 

mycophenolate mofetil (MMF) 3 g per day in three daily doses if receiving unrelated HSCT or 

2 g per day in two daily doses if receiving related HSCT. CyA was reduced starting on day 

+84 or day +180 following related or unrelated HSCT, respectively, and MMF was stopped at 

day +28 following related HSCT and tapered from days +40 to +96 following unrelated 

HSCT.6 Immunosuppression was prolonged or extended with systemic steroids in cases of 
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GvHD (grade > 2 according to Glucksberg grading system). 7 Patients were evaluated for 

incidence of acute GvHD (aGvHD) and chronic GvHD (cGvHD), using established criteria of 

the Glucksberg grading system.7 Requirement for aGvHD was engraftment while 

requirement for cGvHD was engraftment and survival for at least 100 days after HSCT. 

 

Cytogenetic Analysis 

Pretreatment BM cytogenetic analyses were performed centrally in our institution using 

standard banding techniques. In cases were no metaphases could be obtained (n=13), 

fluorescence in-situ hybridization (FISH) was used to screen for recurrent abnormalities (i.e. 

deletion [del]5/5q, del7/7q, trisomy 8, abn(p53) and abn11q23). 

 

Flow Cytometry  

For 180 patients EDTA-anticoagulated fresh BM aspirates were analyzed at AML diagnosis 

using our institution’s standard myeloid panel. Surface antigen expression was measured 

with the FACSCalibur flow cytometer and analyzed using the CELLQUEST software (Becton 

Dickinson). Samples were stored at room temperature and processed within 12 hours. 100μl 

of BM aspirates were incubated for 15 minutes with Fluorescein isothiocyanate (FITC-; CD7, 

CD15, CD61, CD65), R-Phycoerythrin (PE-; CD13, CD64, Glykophorin A) phycoerythrin-Cy7 

(PE-Cy7-; CD2, CD45, CD38, CD56, CD117) and allophycocyanin (APC-; CD11b, CD14, 

CD33, CD34) labeled monoclonal antibodies. After erythrocyte lysis, samples were washed 

in 1ml phosphate buffered saline solution (PBS) acid, fixed in 500μl PBS acid with 1% 

formaldehyde and 10,000 cells per sample were analyzed. The BM blast population was 

determined by low side scatter properties as well as a low expression of CD45. 

  

Analysis of gene expression levels 

For gene expression analysis, total RNA was extracted using TRIzol (Invitrogen, Carlsbad, 

CA) following the manufacturer’s protocols. cDNA was synthesized using Superscript III 

(Invitrogen, Carlsbad, CA) which was used for a real time polymerase chain reaction (RT-
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qPCR). RT-qPCR of GPR56 (Hs00173754_m1), BAALC (Hs00227249_m1), MN1 

(Hs00159202_m1), EVI1 (Hs00602795_m1), ABL1 (Hs01104728_m1) and 18S 

(Hs99999901_s1) was performed with Taqman gene expression assays (Applied 

Biosystems, Carlsbad, CA) following the manufacturer’s protocols. GPR56, BAALC, and 

MN1 expression was normalized to ABL1 as internal control. The comparative cycle 

threshold (DDCT) method was used for relative quantification of gene expression as 

previously described.8 The to 18S normalized expression of EVI1 in the cell line SKOV3 was 

used to define EVI1 positive expressers, i.e. patients with an expression higher than 0.1 

relative to the EVI1 expression of SKOV3 were labeled EVI1 positive.9 

 

Analysis of recurrent gene mutations in AML 

The presence of internal tandem duplication in the FLT3 gene (FLT3-ITD), mutations in the 

FLT3 tyrosine kinase domain (FLT3-TKD) and in the NPM1 and CEBPA genes were 

determined as previously described.10,11 Insertion and deletion mutations at codon 646 in the 

gene ASXL1 were analyzed by Sanger sequencing using a proofreading polymerase as 

previously reported.12 Additionally, in 83 patients genomic DNA at diagnosis was available for 

targeted amplicon sequencing of 54 recurrently mutated genes in myeloid malignancies on 

the MiSeq platform (Illumina, San Diego, CA, USA) using the TruSight Myeloid Sequencing 

Panel (Illumina) as previously described.13 Analyzed genes were ABL1, ATRX, ASXL1, 

BCOR, BCORL1, BRAF, CALR, CBL, CBLB, CBLC, CDKN2A, CSF3R, CUX1, DNMT3A, 

ETV6/TEL, EZH2, FBXW7, GATA1, GATA2, GNAS, HRAS, IDH1, IDH2, IKZF1, JAK2, 

JAK3, KDM6A, KIT, KRAS, MLL/KMT2A, MPL, MYD88, NOTCH1, NRAS, PDGFRA, PHF6, 

PTEN, PTPN11, RAD21, RUNX1, SETBP1, SF3B1, SMC1A, SMC3, SRSF2, STAG2, TET2, 

TP53, U2AF1, WT1, ZRSR2. Patients were grouped according to the European 

LeukemiaNet (ELN) 2017 classification.14 
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Evaluation of the leukemia initiating cell burden 

The median normalized GPR56 expression was used to define high (n=107) and low (n=106) 

GPR56 expressers. For the CD34+/CD38- cell burden at diagnosis, the previously used 6% 

cut-off defined patients with a high (n=26) and a low (n=154) CD34+/CD38- cell burden.1   

 

Definition of complete remission 

CR was defined as the presence of <5% of blasts in BM, neutrophils >1.0 x 109/L, platelets 

>100 x 109/L, absence of blasts with Auer rods, independence of blood transfusion and no 

extramedullary disease.15 CRi was defined as CR with platelets <100 x 109/L or neutrophils 

<1.0 x 109/L. The presence of CR or CRi was confirmed within 28 days prior to HSCT by BM 

and peripheral blood analysis.  

 

Definition of clinical end points and statistical analysis 

All statistical analyses were performed using the R statistical software platform (version 

3.4.3).16 Cumulative incidence of relapse (CIR) was calculated from HSCT to relapse and 

leukemia free survival (LFS) was calculated from HSCT to death from any cause. For LFS, 

survival estimates were calculated using the Kaplan-Meier method and groups were 

compared with the log-rank test. CIR was calculated considering the competing risk (non-

relapse mortality) using the Fine and Gray model. Associations of GPR56 expression levels 

with baseline clinical, demographic, and molecular features were compared using the 

Kruskal-Wallis test and Fisher’s exact test for continuous and categorical variables, 

respectively.  

 

Multivariable analyses 

We constructed a multivariable proportional hazard model for CIR and LFS to evaluate the 

impact of the leukemia initiating cell burden defined by the GPR56 expression and the 

CD34+/CD38- cell burden at diagnosis by forward adjusting for other variables.17 Additionally 

to the GPR56 expression (high vs. low, median cut), the following variables were considered 
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for multivariable analyses: sex, hemoglobin count, platelet count, white blood cell count, blast 

percentages in peripheral blood and BM at diagnosis, age at diagnosis, AML type (de novo 

vs. secondary), ELN 2010 Genetic Groups, FLT3-TKD mutation status at diagnosis, BAALC 

expression at diagnosis, MN1 expression at diagnosis, EVI1 expression status at diagnosis, 

disease status at HSCT (CRi vs. CR), cytomegalovirus (CMV) status of recipient and donor 

(high risk [+/-] vs. all others), HLA match (antigen match vs. mismatch), HLA donor type 

(related vs. unrelated) and sex of the donor (female into male vs. all others). Variables 

significant at α=.20 in univariable analyses were considered for multivariable analyses. 

Hazard/odds ratios with their corresponding 95% confidence intervals (CI) were obtained 

using forward selection analysis and indicated for every significant prognostic factor. 

 

GPR56 in patients with a low CD34+/CD38- cell burden 

Because of the prognostic impact of GPR56 expression levels in patients with a low 

CD34+/CD38- cell burden at diagnosis, associations were also analyzed in this patients’ 

subset (n=154). Except a lacking association with JAK2 and only a trend for RUNX1 

mutation status – which are likely due to restricted patient numbers - similar clinical, 

cytogenetic and molecular associations were observed as in the entire set of patients 

(Supplementary Table S2). 

 

Additional associations of a high GPR56 expression 

We observed a distinct immunophenotype at diagnosis in patients with a high GPR56 

expression (Supplementary Table S1). Analyzing BM mononuclear cells at diagnosis, 

patients with a high GPR56 expression had a significantly higher expression of the immature 

antigen CD34 (P<.001) as well as a higher expression of antigens indicating T-cellular 

differentiation (i.e. CD2, P=.006; CD7, P=.002) and antigens indicating thrombocytic or 

erythrocytic differentiation (CD61, P=.002 and Glykophorin A, P=.02, respectively) but a 

lower expression of antigens indicating myeloid differentiation (i.e. CD15, P<.001; CD33, 

P<.001; CD38, P=.03; CD64, P=.002 and CD65, P<.001). All analyzed HSCT-related factors 
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did not significantly differ between patients with a high or a low GPR56 expression 

(Supplementary Table S1). 

 

First validation set: patients treated with an allogeneic HSCT 

To further validate the prognostic significance of the GPR56 expression levels in the context 

of the CD34+/CD38- cell burden at AML diagnosis we analysed a validation set of 96 AML 

patients that received allogeneic HSCT at our institution and were not included in the first set 

of patients described above. Conditioning regimens for this cohort were either MAC (n=20, 

as defined above), of reduced intensity (FLAMSA-based conditioning, n=17; 

Busulfan/Fludarabine, n= 5; or Fludarabine/Melphalan, n=2) or NMA (n=52, as defined 

above). Also in this cohort, a high CD34+/CD38- cell burden (6% cut) associated with higher 

CIR (P=.01, Supplementary Figure S3A) and by trend shorter LFS (P=.06, Supplementary 

Figure S3B). A high GPR56 expression (median cut) associated with by trend higher CIR 

(P=.06, Supplementary Figure S3C) and shorter LFS (P=.05, Supplementary Figure S3D). 

Finally, there was a stepwise higher CIR (P=.04, Supplementary Figure S3E) and by trend 

shorter LFS (P=.08, Supplementary Figure S3F) for patients with low expression of both 

markers, patients with a low CD34+/CD38- cell burden, but high GPR56 expression and 

patients with a high CD34+/CD38- cell burden. 

 

Second validation set: patients treated with chemotherapy 

We analysed a second validation set of 105 AML patients that received chemotherapy-based 

consolidation at our institution to validate the previously described impact of GPR56 

expression on outcome in chemotherapy-based consolidated AML patients. Similar to the 

results from our HSCT-treated cohort – although restricted due to the lower number of 

patients - we observed a separation of the survival curves according to the CD34+/CD38- 

cell burden (6% cut) for incidence of CR/CRi achievement (P=.14, Supplementary Figure 

S4A) and LFS (P=.20, Supplementary Figure S4B). Furthermore, a high GPR56 expression 

(median cut) associated with a higher incidence of CR/CRi achievement (P=.006, 
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Supplementary Figure S4C) and a trend for shorter LFS (P=.08, Supplementary Figure S4D). 

Finally, we also observed a separation of the survival curves according to the CD34+/CD38- 

cell burden and the GPR56 expression at diagnosis in patients consolidated with 

chemotherapy for both incidence of CR/CRi achievement (P=.05, Supplementary Figure 

S4E) and LFS (P=.08, Supplementary Figure S4F). Due to restricted patient numbers, no 

CIR analysis could be performed for this cohort. 

 

Third validation set: TCGA dataset 

We evaluated the TCGA dataset (from http://cancergenome.nih.gov) for the mRNA 

expression levels of GPR56 as well as CD34 and CD38 (n=172). Consistent with our patient 

sets, a high GPR56 expression (median cut) associated with a significantly shorter LFS 

(P=.03, Supplementary Figure S5C) and by trend shorter OS (P=.06, Supplementary Figure 

S5D) after diagnosis. Using RNA data for CD34 and CD38 expression levels, we divided the 

cohort into quartiles for both genes and patients with the highest expression of CD34 (4th 

quartile) and the lowest expression of CD38 (1st quartile) were defined as having high 

CD34high/CD38low expression (n=9). Also for these patients, we observed a trend for shorter 

LFS (P=.08, Supplementary Figure S5A) and significantly shorter OS (P=.01, Supplementary 

Figure S5B). Finally, combining all three parameters we divided the cohort into patients with 

a high CD34high/CD38low expression, patients with a low CD34high/CD38low expression but a 

high GPR56 expression and patients with a low CD34high/CD38low expression and low GPR56 

expression. Again, a stepwise shorter LFS (P=.01, Supplementary Figure S5E) and OS 

(P=.02, Supplementary Figure S5F) was observed for patients with a high expression of one 

or both markers. 

 

Correlation of GPR56 RT-qPCR results with GPR56 analysis by flow cytometry 

In six patients, surface antigen GPR56 expression levels on mononuclear cells at diagnosis 

were evaluated using flow cytometry on the FACSCalibur flow cytometer and analyzed using 

the CELLQUEST software (Becton Dickinson). For labeling the GPR56 antibody (Santa Cruz 



	

9	
	

Biotechnology, Dallas, Texas, USA) was used. Results were correlated with mRNA 

GPR56/ABL1 expression levels by RT-qPCR. GPR56 surface antigen expression levels and 

mRNA expression correlated well (R2=.80, Supplementary Figure S1). 
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Supplementary Tables 

Supplementary Table S1. Additional characteristics of HSCT treated AML patients 
according to the GPR56 expression at diagnosis, median cut, n=213. 
 

Characteristic 
All patients 

(n=213) 
low GPR56 
expression  

(n = 106) 

high GPR56 
expression  

(n = 107) 
P 

Morphologic information 

FAB classification, n (%) 
   M0 
   M1 
   M2 
   M4 
   M4eo 
   M5 
   M6 
   M7 

 
7 
18 
92 
14 
13 
9 
2 
5 

 
1 (1) 
5 (6) 

44 (52) 
8 (9) 
9 (11) 
15 (18) 
2 (2) 
1 (1) 

 
6 (7) 

13 (15) 
48 (56) 
6 (7) 
4 (5) 
3 (4) 
2 (2) 
4 (5) 

 
0.12 
0.08 
0.65 
0.59 
0.16 
0.003 

1 
0.37 

Flow Cytometry 

BM CD2 expression, % 
   Median 
   Range    

 
13 

1-93 

 
11 

1-92 

 
18 

2-93 

0.006 
 

BM CD7 expression, % 
   Median 
   Range    

 
16 

1-94 

 
11 

2-94 

 
21 

1-90 

0.002 
 

BM CD11b expression, % 
   Median 
   Range    

 
15 

0.5-93 

 
14 

0.5-93 

 
17 

1-80 

0.78 
 

BM CD13 expression, % 
   Median 
   Range    

 
61 

0.5-96 

 
61 

0.5-95 

 
62 

7-96 

0.95 
 

BM CD14 expression, % 
   Median 
   Range    

 
2 

0.5-74 

 
2 

0.5-74 

 
2 

0.5-44 

0.86 
 

BM CD15 expression, % 
   Median 
   Range    

 
30 

2-94 

 
47 

2-94 

 
24 

2-91 

<0.001 
 

BM CD33 expression, % 
   Median 
   Range    

 
67 

1-98 

 
79 

1-98 

 
57 

2-98 

<0.001 
 

BM CD34 expression, % 
   Median 
   Range    

 
35 

0-97 

 
18.0 
0-97 

 
42 

0-93 

<0.001 
 

BM CD38 expression, % 
   Median 
   Range    

 
76 

0.5-98 

 
80 

0.5-98 

 
72 

4-98 

0.03 
 

BM CD45 expression, % 
   Median 
   Range    

 
94 

6-100 

 
95 

13-100 

 
93 

6-99 

0.11 
 

BM CD56 expression, % 
   Median 
   Range    

 
8 

0-97 

 
8 

0-93 

 
8 

0.5-97 

0.42 
 

BM CD61 expression, % 
   Median 
   Range    

 
4 

0.5-39 

 
3 

0.5-30 

 
6 

0.5-39 

0.002 
 

BM CD64 expression, % 
   Median 
   Range    

 
15 

0-98 

 
22 

0-98 

 
13 

0.5-85 

0.002 
 

BM CD65 expression, % 
   Median 
   Range    

 
18 

0.5-93 

 
25 

0.5-93 

 
14 

0.5-81 

<0.001 
 

BM CD117 expression, % 
   Median 
   Range 

 
40 

0.5-96 

 
41 

0.5-95 

 
38 

3-96 

0.86 
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BM Glykophorin A expression, % 
   Median 
   Range    

 
8 

0.5-90 

 
6 

0.5-90 

 
10 

0.5-61 

0.02 
 

HSCT related information 

Age at HSCT, years 
   Median 
   Range 

 
60.6 

19.6-76.2 

 
59.2 

20.6-75.3 

 
61.5 

19.6-76.2 

0.17 

Conditioning, n (%) 
   NMA 
   MAC 

 
154 
59 

 
73 (69) 
33 (31) 

 
81 (76) 
26 (24) 

0.29 

Remission at HSCT, n (%) 
   CR1 
   CR2 
   CRi 

 
151 
35 
28 

 
77 (73) 
15 (14) 
14 (13) 

 
74 (69) 
20 (19) 
14 (13) 

0.70 

HLA antigen match, n (%) 
   Matched  
   Mismatched  

 
170 
43 

 
83 (78) 
24 (22) 

 
87 (82) 
19 (18) 

0.50 

Donor, n (%) 
   Related 
   Unrelated  

 
45 
168 

 
21 (20) 
85 (80) 

 
24 (22) 
83 (78) 

0.74 

Female into male, n (%) 
   Absent 
   Present 

 
181 
29 

 
90 (86) 
15 (14) 

 
91 (87) 
14 (13) 

1 

aGvHD, n (%) 
   Absent  
   Present  

 
137 
48 

 
70 (77) 
21 (23) 

 
67 (71) 
27 (29) 

0.41 

cGvHD, n (%) 
   Absent 
   Limited 
   Extended  

 
48 
27 
80 

 
21 (29) 
10 (14) 
41 (56) 

 
27 (33) 
17 (20) 
39 (47) 

0.40 

 

Abbreviations: aGvHD, acute graft-versus-host disease; BM, bone marrow; CD, cluster of differentiation; cGvHD, 
chronic graft-versus-host disease; CR, complete remission; CRi, complete remission with incomplete peripheral 
recovery; FAB, French American British classification; HSCT, hematopoietic stem cell transplantation; HLA, 
human leukocyte antigen; MAC, myeloablative conditioning; NMA, non-myeloablative conditioning.  
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Supplementary Table S2. Clinical and genetic characteristics of AML patients with a 
low CD34+/CD38- cell burden at diagnosis treated with HSCT according to the GPR56 
expression at diagnosis, median cut, n=154. 

Characteristic All patients 
(n=154) 

Low GPR56 
expression  

(n=84) 

High GPR56 
expression  

(n=70) 
P 

Clinical Characteristics 

Age at diagnosis, years  
   Median 
   Range  

 
59.9 

14.5-74.8 

 
59.0 

14.5-74.8 

 
62.0 

19.5-73.7 

0.28 

Sex, n (%) 
   Male    
   Female   

 
73 
81 

 
39 (46) 
45 (54) 

 
34 (49) 
36 (51) 

0.87 

Disease	origin, n (%) 
   De novo  
   Secondary 

 
117 
37 

 
69 (82) 
15 (18) 

 
48 (69) 
22 (31) 

0.06 

Hemoglobin, g/dL 
   Median  
   Range  

 
8.9 

4.5-15.7 

 
9.1 

4.5-15.7 

 
8.6 

4.5-14.9 

0.15 

Platelet count, x 109/L 
   Median  
   Range  

 
65 

1-327 

 
65 

1-327 

 
79 

3-287 

0.35 

WBC count, x 109/L 
   Median  
   Range  

 
7.2 

0.7-385 

 
11 

0.9-385 

 
4 

0.7-177 

0.002 

Percentage of blood blasts, % 
   Median 
   Range 

 
23 

0-98 

 
26 

0-97 

 
17 

0-98 

0.18 

Percentage of BM blasts, % 
   Median 
   Range  

 
57 

3-95 

 
60 

20-95 

 
55 

3-95 

0.96 

BM CD34+/CD38- burden, % 
   Median 
   Range  

 
0.4 
0-5 

 
0.1 
0-5 

 
0.5 
0-5 

0.008 

Genetic Characteristics 

Karyotype, n (%) 
   Abnormal 
   Normal 

 
78 
68 

 
38 (49) 
40 (51) 

 
40 (59) 
28 (41) 

0.25 

Monosomal karyotype, n (%) 
   Absent 
   Present 

 
136 
9 

 
77 (99) 
1 (1) 

 
59 (88) 
8 (12) 

0.01 

Complex karyotype, n (%) 
   Absent 
   Present 

 
129 
16 

 
73 (94) 
5 (6) 

 
56 (84) 
11 (16) 

0.07 

del5/del(5q), n (%) 
   Absent 
   Present 

 
145 
6 

 
81 (99) 
1 (1) 

 
64 (93) 
5 (7) 

0.09 

del7/del(7q), n (%) 
   Absent 
   Present 

 
134 
16 

 
78 (95) 
4 (5) 

 
56 (82) 
12 (18) 

0.02 

CBF AML, n (%) 
   Absent 
   Present 

 
129 
17 

 
64 (82) 
14 (18) 

 
65 (96) 
3 (4) 

0.02 

Trisomy 8, n (%) 
   Absent 
   Present 

 
133 
18 

 
73 (89) 
9 (11) 

 
60 (87) 
9 (13) 

0.80 

ELN 2017 Genetic Group, n (%) 
   Favorable 
   Intermediate 
   Adverse 

 
48 
12 
38 

 
41 (69) 
3 (5) 

15 (25) 

 
7 (18) 
9 (23) 
23 (59) 

<0.001 

NPM1, n (%) 
   Wild-type   
   Mutated  

 
113 
41 

 
52 (62) 
32 (38) 

 
61 (87) 
9 (13) 

<0.001 
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FLT3-ITD, n (%) 
   Absent 
   Present 

 
124 
30 

 
70 (83) 
14 (17) 

 
54 (77) 
16 (23) 

0.48 

NPM1 mut/no FLT3-ITD, n (%) 
   Absent 
   Present 

 
128 
26 

 
62 (74) 
22 (26) 

 
66 (94) 
4 (6) 

<0.001 

CEBPA, n (%) 
   Wild-type 
   Single mutated 
   Double mutated 

 
126 
9 
4 

 
65 (88) 
5 (7) 
4 (5) 

 
61 (94) 
4 (6) 
0 (0) 

0.19 

DNMT3A, n (%) 
   Wild-type 
   Mutated  

 
44 
15 

 
21 (68) 
10 (32) 

 
22 (79) 
6 (21) 

0.24 

FLT3-TKD, n (%) 
   Wild-type 
   Mutated  

 
128 
21 

 
73 (88) 
10 (12) 

 
55 (83) 
11 (17) 

0.48 

IDH1, n (%) 
   Wild-type 
   Mutated  

 
49 
10 

 
27 (87) 
4 (13) 

 
22 (79) 
6 (21) 

0.49 

IDH2, n (%) 
   Wild-type 
   Mutated  

 
50 
9 

 
26 (84) 
5 (16) 

 
24 (86) 
4 (14) 

1 

JAK2, n (%) 
   Wild-type 
   Mutated  

 
57 
2 

 
31 (100) 

0 (0) 

 
26 (93) 
2 (7) 

0.22 

RUNX1, n (%) 
   Wild-type 
   Mutated  

 
50 
9 

 
29 (94) 
2 (6) 

 
21 (75) 
7 (25) 

0.07 

TP53, n (%) 
   Wild-type 
   Mutated  

 
54 
5 

 
28 (90) 
3 (10) 

 
26 (93) 
2 (7) 

1 

ASXL1, n (%) 
   Wild-type 
   Mutated 

 
50 
9 

 
25 (81) 
6 (19) 

 
25 (89) 
3 (11) 

0.48 

EVI1 expression status, n (%) 
   Negative 
   Positive  

 
92 
15 

 
55 (95) 
3 (5) 

 
37 (76) 
12 (25) 

0.005 

MN1/ABL1 expression 
   Median 
   Range  

 
0.11 

0.00-75.15 

 
0.02 

0.00-1.63 

 
0.23 

0.01-59.67 

<0.001 

BAALC/ABL1 expression 
   Median 
   Range  

 
0.06 

0.00-56.31 

 
0.01 

0.00-2.41 

 
0.21 

0.00-56.31 

<0.001 

 

Abbreviations: ABL1, Abelson murine leukemia viral oncogene homolog 1 gene; AML, acute myeloid leukemia; 
BAALC, brain and acute leukemia cytogenetic gene; CBF, core-binding factor; CEBPA, CCAAT/enhancer-binding 
protein alpha gene; del, deletion; DNMT3A, DNA-methyltransferase 3A gene; ELN, European LeukemiaNet; 
EVI1, ecotropic viral integration site gene; FLT3-ITD, internal tandem duplication of the FLT3 gene; FLT3-TKD, 
tyrosine kinase domain of the FLT3 gene; HSCT, hematopoietic stem cell transplantation; IDH1, isocitrat 
dehydrogenase 1 gene; IDH2, isocitrat dehydrogenase 2 gene; JAK2, janus kinase 2 gene; MN1, meningioma-1 
gene; NPM1, nucleophosmin-1 gene; RUNX1, Runt-related transcription factor 1 gene; TP53, tumor protein 53; 
WBC, white blood cell.  
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Supplementary Figures 
 
Supplementary Figure S1 

 
 
Supplementary Figure S1: Correlation of the GPR56 protein surface expression (assessed 
by flow cytometry) and GPR56 mRNA expression (assessed by RT-qPCR) in diagnostic 
bone marrow samples from six AML patients. MFI, mean fluorescence intensity.  
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Supplementary Figure S2 

 
 
Supplementary Figure S2: Cumulative incidence of relapse according to the CD34+/CD38- 
cell burden at diagnosis for patients in the initial set (n=180). (A) 1% and 6% cut and (B) 2% 
and 6% cut.  
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Supplementary Figure S3 
 

 
 
Supplementary Figure S3: First validation set of AML patients treated with HSCT (n=96). 
(A) Cumulative Incidence of relapse and (B) Leukemia free survival according to the 
CD34+/CD38- cell burden, high vs. low, 6% cut, (C) Cumulative incidence of relapse and (D) 
Leukemia free survival according to the GPR56 expression, high vs. low, median cut and (E) 
Cumulative incidence of relapse and (F) Leukemia free survival according to the 
CD34+/CD38- cell burden and the GPR56 expression.  
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Supplementary Figure S4 

 
Supplementary Figure S4: Second validation set of AML patients treated with 
chemotherapy (n=105). (A) Cumulative incidence of CR/CRi achievement and (B) Leukemia 
free survival according to the CD34+/CD38- cell burden, high vs. low, 6% cut, (C) Cumulative 
incidence of CR/CRi achievement and (D) Leukemia free survival according to the GPR56 
expression, high vs. low, median cut and (E) Cumulative incidence of CR/CRi achievement 
and (F) Leukemia free survival according to the CD34+/CD38- cell burden and the GPR56 
expression. 
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Supplementary Figure S5 

 
 
Supplementary Figure S5: Third validation set of AML patients using the TCGA dataset 
(n=172). (A) Leukemia free survival and (B) Overall survival according to the CD34 and 
CD38 mRNA expression (patients with CD34 expression in the 4th quartile and CD38 
expression in the 1st quartile vs. all others) (C) Leukemia free survival and (D) Overall 
survival according to the GPR56 expression (high vs. low, median cut) and (E) Leukemia 
free survival and (F) Overall survival according to the CD34high/CD38low and the GPR56 
expression.  
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Supplementary Figure S6 
 

 
Supplementary Figure S6: Non-relapse mortality (A) and Leukemia free survival (B) 
according to the GPR56 expression at diagnosis in the initial patient set, high vs. low, median 
cut (n=213).  


