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Appendix Figure S1
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ASSHQGL[ FLJ S1. GPR56 LV aVVRcLaWHG ZLWK a RKR/WQW/HK QHWZRUN. 

A. FACS contour plots showing the loss of GPR56 protein expression in CD34 cells after GPR56 
suppression via shRNAs. 

B. Genomic scheme showing human GPR56 transcripts. The arrowheads indicate the translation start 
sites and positions of the two shRNAs, weak and strong, against GPR56. The black boxes 
represent the exons which are transcribed. The scheme was generated according to data from 
Uniprot and Ensembl database using wormweb software (http://wormweb.org/exonintron). 

C. Heatmap of the top 200 genes (top 100 in either direction of log2FC of shGPR56strong vs. shLuc) 
with an FDR < 0.1. Shown are the variance-stabilized values (using the vst function from the 
DESeq2 R package) that have been centered and scaled in row direction for visualization purposes. 

D. GO term enrichment analysis of genes differentially expressed after GPR56 KD. Act.: activity, reg.: 
regulation, resp.: response, act.: activating, cycl: cyclase, signal.: signaling, PW: pathway, pos.: 
positive, diff.: differentiation.  

E. Log2FC of Snai1, Tcf4, and Gpr56 gene expression after siRNA- mediated KD of Itf2/Tcf4 in mouse 
neuronal stem cells (GSE70872, left), of Snail1 in mouse primary myoblasts (GSE38236, middle), 
and of ITF2/TCF4 via shRNA in hiPSC-derived neural progenitor cells (Doostparast Torshizi et al, 
2019). See Dataset EV4 for values extracted from public datasets. 

F. Heatmap showing log2-fold changes (shGPR56 vs. shLuc) of significantly differentially expressed 
genes (FDR<0.1) associated with Wnt (above) or Hh (below) pathways based on the literature 
(Dataset EV6). 
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ASSHQGL[ FLJ S2. GPR56 LV UHTXLUHG IRU WKH PaLQWHQaQcH RI HSC aQG AML H[SaQVLRQ. 

A. Gating strategy for the detection of human cells in mouse bone marrow. Cells were gated on human 
CD45+ followed by gating on GFP+. Subsequently, the fraction of CD19+ B lymphatic and CD33+ 
myeloid cells and double negative cells were determined. CD33 and CD34 were used to distinguish 
myeloid committed progenitors (CD34+CD33+) and more mature myeloid cells (CD33+CD34-). 
CD34+ gating was also used to distinguish pre-B precursors (CD34+CD19+CD33-) and immature 
CD34+SSClowCD33-CD19- hematopoietic precursors comprising stem and progenitor cells. 

B. KD of GPR56 in 8 leukemia cell lines with shGPR56weak and shGPR56strong versus shLuc control. 
Loss of the GFP+ fraction on day 5 (top) and day 9 (bottom) compared with day 2 indicates a 
proliferative disadvantage of GPR56 KD cells in the indicated cell lines. Three replicate wells were 
monitored by HTS-FACS per condition. Multiple t-tests, ns: not significant, * p<0.05, ** p<0.005, *** 
p<0.0005. 

C. No difference in overall human leukemic engraftment in immunocompromised mice (including non-
transduced cells) was observed excluding technical issues with injections. 

D. Quantification of mechanical strength of cell adhesion. Left: Schematic illustration of quantification 
of cell adhesion strength using laser pulse induced pressure waves. Right: Fraction of detached 
cells plotted versus induced pressure for control (turquoise) and GPR56 KD cells (violet), 
distributions fitted with error functions (yellow) to determine the critical pressure for detachment. 
Reduction of adhesion strength by factor 1.2 in GPR56 KD cells (p < 0.05, Wald method for binomial 
distributions). N (control) = 2037, n (KD) = 2928.  
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ASSHQGL[ FLJ S3. GPR56 UHJXOaWHV WQW aQG HK SaWKZa\V. 

A. FACS ploWV confiUming GPR56 VXUface e[pUeVVion in HEK293T cellV afWeU WUanVfecWion ZiWh GPR56 
FL mXWanWV in eiWheU pFBNeo oU pcDNA3.1+ backbone. The Vame mXWaWionV ZeUe inWUodXced in Whe 
GPR56-CTF YeUVion. 

B. SXpeUTop UepoUWeU aVVa\ VhoZing fold-change of RLU in pUeVence of WnW3a noUmali]ed Wo cWUl 
media afWeU WUanVfecWion of HEK293T cellV ZiWh empW\ YecWoU, GPR56 FL, GPR56 CTF, oU Whe 
Rho/SRF acWiYaWoU MAL/MKL1 (MegakaU\oc\Wic AcXWe LeXkemia).  

C. SRF UepoUWeU aVVa\ indicaWing fold change in RLU afWeU addiWion of WnW3a condiWioned media. NoWe 
WhaW WheUe iV no diffeUence in Whe Vignal caXVed b\ WnW3a condiWioned media. MeanV, VWdeY, foXU 
UeplicaWeV aUe VhoZn. 

D. SXpeUTop UepoUWeU aVVa\ VhoZing fold-change of RLU noUmali]ed Wo VhSCR afWeU addiWion of WnW3a 
compaUed Wo conWUol media (lefW WZo VeWV) oU afWeU addiWion of 1�M CHIR99021 compaUed Wo DMSO 
(UighW WZo VeWV). NoWe WhaW VhRNAV againVW GPR56 aUe Xnable Wo UedXce Whe UepoUWeU Vignal indXced 
b\ Whe GSK3 inhibiWoU CHIR99021. 

E. ȕ-caWenin pUoWein e[pUeVVion in K562 cellV infecWed ZiWh VhGPR56VWUong oU VhLXc negaWiYe conWUol in 
pUeVence and abVence of WnW3a (UepUeVenWaWiYe WeVWeUn BloW (aboYe) and qXanWificaWion afWeU 
noUmali]aWion Wo GAPDH (beloZ). ShoZn iV fold-change compaUed Wo VhLXc in conWUol media, baUV 
and eUUoU baUV UepUeVenW mean and VWandaUd deYiaWion of WhUee biological UeplicaWeV, XnpaiUed W-
WeVW).  

F. SXpeUTop UepoUWeU aVVa\ VhoZing fold change in RLU in WnW3a condiWioned media (+) YeUVXV 
conWUol media (-) afWeU WUanVfecWion ZiWh empW\ YecWoU (YioleW) oU GPR56 CTF (WXUqXoiVe) in HEK293T 
ZW oU LRP6-/- KO cellV noUmali]ed Wo Whe UeVpecWiYe empW\ YecWoU conWUolV in conWUol media. GPR56 
CTF doeV noW pUomoWe a SXpeUTop Vignal in Whe abVence of LRP6. UnpaiUed W-WeVW, baUV and eUUoU 
baUV UepUeVenW mean and VWandaUd deYiaWion of foXU biological UeplicaWeV, **** p<0.0001. 

G. SRF UepoUWeU aVVa\ indicaWing fold change in RLU afWeU WUanVfecWion of HEK293T cellV ZiWh empW\ 
YecWoU, GPR56-FL, oU fiYe GPR56-CTF mXWanWV. 

H. RelaWiYe SMO gene e[pUeVVion (peUcenWage of GAPDH) in K562 (aboYe) and RPE-1 (beloZ) cellV 
in VhLXc YeUVXV VhGPR56VWUong cellV deWeUmined b\ q-RT-PCR. Mean and VWdeY of WhUee 
independenW infecWionV (biological UeplicaWeV).  

I. WeVWeUn BloW VhoZing ȕ-caWenin pUoWein e[pUeVVion in RPE-1 cellV afWeU infecWion ZiWh VhLXc oU 
VhGPR56VWUong in WZo baWcheV of RPE-1 cellV.  

J. CiliXm lengWh (mean, VWdeY, and indiYidXal YalXeV) meaVXUed in 26-50 cellV peU condiWion aW 
indicaWed Wime poinWV folloZing Whe VWaUW of VeUXm VWaUYaWion.  

K. RepUeVenWaWiYe IF imageV VhoZing DAPI, ܤ- and Ȗ-WXbXlin VWaining in RPE-1 cellV infecWed ZiWh 
VhLXc (aboYe) oU VhGPR56VWUong (beloZ) in coloU mode (lefW, middle) oU aV black-and-ZhiWe image 
(UighW, ܤ-WXbXlin). NoWe Whe diVWXUbed alignmenW of ܤ-WXbXlin filamenWV Xpon GPR56 KD. 
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ASSHQGL[ FLJ S4. RHcLSURcaO VKLIW ZLWKLQ GPR56+ LSC cRPSaUWPHQWV LV UHJXOaWHG b\ TGFb, 

WQW aQG HH acWLYLWLHV. 

A. RNA-seq of CD34+ cells showed suppressed SMO expression upon GPR56 knockdown. At the 
same time, expression of Hh targets GLI1 and GLI2 is higher in the CD34+GPR56+ versus the 
CD34-GPR56+ compartment suggesting higher Hh activity in the CD34+ fraction. For D-F: * p<0.05, 
** p<0.005, *** p<0.0005, non-adjusted p-values, see Dataset EV2. 

B. Left: Contour plot showing changes of the CD34+GPR56+ fraction during treatment of PDX AML-
661 with either the Wnt inhibitor PRI-724 (turquoise) or the Wnt agonist CHIR99021 (violet), 
respectively. Right: percentage of CD34+GPR56+ cells in AML-661 after 4-days treatment with PRI-
724, iCRT3, CHIR99021 or DMSO. Summary of three replicates, unpaired t-test.  

C. Left: FACS contour plots of AML-661 showing a decrease in the CD34+GPR56+ and an increase in 
the double negative fraction during treatment with Wnt3a conditioned media compared to control 
media. Unstained control plots show that there was no difference in baseline autofluorescence in 
the conditions. Right: summary of 3 replicate cultures, unpaired t-test.  

D. Q-RT-PCR showing an increase in EMT gene expression (SNAI1, SRC, TGFB1) normalized to 
GAPDH after overnight treatment of PDX AML-661 with the Wnt inhibitor PRI-724. n=3 biological 
replicates. 

E. Top: RNA-seq data revealing exclusive induction of Wnt targets VEGFA and PSAT1 by the 
combined Wnt/AhR-agonist 6-BIO, while the more specific AhR-agonist MeBIO has no effect on 
expression of these two genes. Induction of AhR target gene CYP1A1 in contrast is stronger with 
MeBIO compared to 6-BIO (GSE48843). Bottom: exclusive downregulation of TGFB1, TWIST1, 
and SNAI1 by 6-BIO compared with MeBIO suggests that the effect was mostly due to the Wnt and 
not AhR activating activity of 6-BIO. Unpaired t-test, * p<0.05. 

F. Bar graph showing the distribution of CD34 and GPR56 fractions at the end of the 5-day culture of 
purified CD34-GPR56+ cells from AML E2113590 with indicated compounds. 

G. Left: FACS profile and sorting strategy for the CD34+GPR56+ fraction (top), and post-sort purity 
(bottom) of AML sample E2112376 on the day of thawing. Middle: Bar graph showing the 
distribution of CD34 and GPR56 fractions at the end of the 5-day culture of purified CD34-GPR56+ 
cells from AML E2112376 with indicated compounds. Right: representative FACS plots showing 
CD34 and GPR56 expression of purified CD34+GPR56+ cells exposed to the indicated molecules 
or their combinations for 5 days. Arrows indicate whether the pathway is inhibited (p) or activated 
(n) by the compound.  
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ASSHQGL[ FLJ S5. CDK7 LQKLbLWRUV aWWHQXaWH WKH GPR56 aVVRcLaWHG QHWZRUN. 

A. Gene expression determined by q-RT-PCR for GLI1 in PDX AML-491 after 4-hour treatment with 
THZ1 0.5µM or LDC4297 2µM. n=3 biological replicates.  

B. Gene expression determined by q-RT-PCR for LEF1, MYC, WNT5B, and WNT11 in PDX AML-491 
after treatment with different doses of THZ1 or LDC4297. n=3 biological replicates. 

C. SNAIL1 and ITF2 mRNA expression normalized to GAPDH in AML-491 cells determined by q-RT-
PCR 4 hours after treatment with THZ1 0.5µM or LDC4297 2µM. Mean, stdev, and individual values 
from three to six culture wells are shown. 

D. Dose curves for THZ1 (left) and LDC4297 (right) in two individual batches of the PDX AML-491 (#1 
and #2), K562 WT, K562 cells overexpressing GPR56 (K562-GPR56), and MV4-11 cells. IC50 
(nM) are indicated in the figure. Shown is one of two independent experiments. Three technical 
replicates per dose per experiment. x indicates means. Cell counts were normalized to the numbers 
of viable cells in vehicle DMSO. 

E. Viability of HEL cells determined by DAPI and Annexin V staining after treatment with indicated 
drugs and doses. Note that the compounds had no major effect on viability. 

F. Summary bar graph (left) and FACS plots (right) showing that only compounds with CDK7 inhibitory 
effect (THZ1 and YKL-5-124), but not the CDK12/13 inhibitor THZ531 reduce GPR56 on CB CD34+ 
cells.  

G. SRF reporter assay revealing a dose-dependent suppression of the GPR56-CTF induced SRF 
signal by THZ1. Four technical replicates. One of four individual experiments. 

H. SuperTop Wnt reporter assay showing that only THZ1 and THZ531, but not the CDK7 inhibitor 
YKL-5-124, which lacks CDK12/13 inhibitory activity, suppress the baseline (Wnt3a) and GPR56 
CTF enhanced Wnt3 reporter signal. Four technical replicates. One of two individual experiments.  
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ASSHQGL[ FLJ S6. CDK7 LQKLbLWLRQ V\QHUJL]HV ZLWK YHQHWRcOa[. 

A. 3D-map showing synergy scores (BLISS) between VEN and YKL-5-124 in the primary AML sample 
E204098. 

B. Western Blot showing MCL-1 protein expression after overnight treatment with THZ1, YKL-5-124, 
or THZ531 in HEL cells at indicated doses. Vinculin protein expression was used as reference. 
One of two individual experiments. 

C. Western Blot showing protein expression of Mcl-1, Bcl-2, and ȕ-Actin in HL60 cells after treatment 
with VEN, THZ1, THZ531, or YKL-5-124 at indicated combinations and concentrations. 

D. Western Blot showing protein expression of Mcl-1, Bcl-2, Bcl-xl in GPR56 depleted HEL cells. One 
of two individual experiments.  

E. Above: Pearson correlation between IC50s for THZ1 and the percentage of CD34+GPR56+ cells 
in 8 primary human AML samples alone and with increasing concentrations of VEN. Asterisks 
indicate significant correlation. Below: Correlation plot between THZ1 IC50s and CD34+GPR56+ 
percentages in 8 primary human AML samples including standard deviation shown for THZ1 in 
presence of 500nM VEN (Ven500). Ven10: VEN at 10nM, Ven50: VEN at 50nM, Ven500: VEN at 
500nM. Symbols represent in dividual samples. 

F. Above: IC50 values in presence of increasing doses of VEN are visualized for CT7001 in AML 
primary sample E2112376. Unpaired t-test. Below: BLISS scores at each combination dose of 
CT7001 with VEN are shown for PDX AML sample E2112376.  
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ASSHQGL[ TabOH S1. T-RT-PCR SULPHUV XVHG LQ WKH VWXG\ 

Oligonucleotides 5' --- 3' 
GAPDH forward AGCCACATCGCTCAGACAC 
GAPDH reverse GCCCAATACGACCAAATCC 
GPR56 forward TATGTCCCTGGCTACCTACTC 
GPR56 reverse GTCCTATGCACAGCCAAGAT 
SMO forward TGCTCATCGTGGGAGGCTACTT 
SMO reverse ATCTTGCTGGCAGCCTTCTCAC 
LRP6 forward CAGTTGGAGTGGTGCTGAAAGG 
LRP6 reverse CCATCCAAAGCAGCCCGTTCAA 

WNT11 forward CTGTGAAGGACTCGGAACTCGT 
WNT11 reverse AGCTGTCGCTTCCGTTGGATGT 
SNAI1 forward TGCCCTCAAGATGCACATCCGA 
SNAI1 reverse GGGACAGGAGAAGGGCTTCTC 
GLI1 forward TGGAGGTCTGCGTGGTAGA 
GLI1 reverse TTGAACATGGCGTCTCAGG 

CCNE1 forward TGTGTCCTGGATGTTGACTGCC 
CCNE1 reverse CTCTATGTCGCACCACTGATACC 

MYC forward TGAAAGGCTCTCCTTGCAGC 
MYC reverse GCTGGTAGAAGTTCTCCTCC 
LEF1 forward CTACCCATCCTCACTGTCAGTC 
LEF1 reverse GGATGTTCCTGTTTGACCTGAGG 

WNT5B forward GTGCAGAGACCCGAGATGTT 
WNT5B reverse CAGGCTACGTCTGCCATCTT 

ITF2/TCF4 forward GCCTCTTCACAGTAGTGCCATG 
ITF2/TCF4 reverse GCTGGTTTGGAGGAAGGATAGC 

TGFB1 forward GCCTTTCCTGCTTCTCATGG 
TGFB1 reverse TCCTTGCGGAAGTCAATGTAC 
SRC forward  CTGCTTTGGCGAGGTGTGGATG 
SRC reverse  CCACAGCATACAACTGCACCAG 
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ASSHQGL[ TabOH S2. LLVW RI VKRNA ROLJRV XVHG LQ WKH VWXG\ 

 
 
  

Oligonucleotides 5' --- 3' 

sh18 (shGPR56strong) 
sense 

CCGGCCTGGTGTTTCTGTTCAACATCTCGAGATGTTGAACAGAAACA
CCAGGTTTTTG 

sh18 (shGPR56strong) anti-
sense 

AATTCAAAAACCTGGTGTTTCTGTTCAACATCTCGAGATGTTGAACAG
AAACACCAGG 

sh19 (shGPR56weak) 
sense 

CCGGGACTTCTTGCTGAGTGACAAACTCGAGTTTGTCACTCAGCAAG
AAGTCTTTTTG 

sh19 (shGPR56weak) anti-
sense 

AATTCAAAAAGACTTCTTGCTGAGTGACAAACTCGAGTTTGTCACTCA
GCAAGAAGTC 

shLuc sense 
CCGGCGCTGAGTACTTCGAAATGTCCTCGAGGACATTTCGAAGTACT

CAGCGTTTTTG 

shLuc anti-sense 
AATTCAAAAACGCTGAGTACTTCGAAATGTCCTCGAGGACATTTCGA

AGTACTCAGCG 

shScrambled sense 
CCGGGCGCGATAGCGCTAATAATTTCTCGAGAAATTATTAGCGCTAT

CGCGCTTTTTG 

shScrambled anti-sense 
AATTCAAAAAGCGCGATAGCGCTAATAATTTCTCGAGAAATTATTAGC

GCTATCGCGC 
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ASSHQGL[ TabOH S3. ROLJRV XVHG IRU JHQHUaWLQJ GPR56 RYHUH[SUHVVLRQ cRQVWUXcWV 

Oligonucleotides 5' --- 3' 
GPR56 CTF forward ATGAATTCGCCACCATGACCTACTTTGCAGTGCTGATGGTCT 
GPR56 CTF reverse CTAAGCGGCCGCGATGCGGCTGGACGAGGTGCT 

GPR56 CTF T442A forward AAACCTCGGGACTACGCCATCAAGGTGCACATG 
GPR56 CTF T442A reverse CATGTGCACCTTGATGGCGTAGTCCCGAGGTTT 
GPR56 CTF Y498A forward TGGATGGGCCTCGAGGGGGCAAACCTCTACCGACTCGTGGTG 
GPR56 CTF Y498A reverse CACCACGAGTCGGTAGAGGTTTGCCCCCTCGAGGCCCATCCA 
GPR56 CTF Y501A forward CTCGAGGGGTACAACCTCGCACGACTCGTGGTGGAGGTC 
GPR56 CTF Y501A reverse GACCTCCACCACGAGTCGTGCGAGGTTGTACCCCTCGAG 
GPR56 CTF T442A forward AAACCTCGGGACTACGCCATCAAGGTGCACATG 
GPR56 CTF T442A reverse CATGTGCACCTTGATGGCGTAGTCCCGAGGTTT 
GPR56 CTF R565W forward ATGTGCTGGATCTGGGACTCCCTGGTC 
GPR56 CTF R565W reverse GACCAGGGAGTCCCAGATCCAGCACAT 
GPR56 CTF L640R forward CAGCTTGTCGTCCGCTACCTTTTCAGC 
GPR56 CTF L640R reverse GCTGAAAAGGTAGCGGACGACAAGCTG 
GPR56 CTF T603A forward CTGCGCCCCCACgCCCAAAAGTGGTCA 
GPR56 CTF T603A reverse TGACCACTTTTGGGcGTGGGGGCGCAG 

 


