Supplemental material

Meyer et al., https://doi.org/10.1084/jem.20171312

Meyer et al. Journal of Experimental Medicine S23
miR-196b controls leukemia stem cell activity https://doi.org/10.1084/jem.20171312


https://doi.org/10.1084/jem.20171312

("5 ]
-
Ry EM
L)
3
HEK293 Validation Pulldowns D CDKN1B
16384 R W Bicol-67 Window Position: Human Feb. 2009 (GRCh37/hg19) chr12:12,869,327-12,875,926 (6,600 bp)
CIBi-miR-196b 12,870,5001 1 12,871,5000 1 12,872,500 1 12,873,500 112,734,500 112,8735,5001
2 40961 GSE21578-GSM545212 AGO1 CLIP
3 1024 GSE43573-GSM1065667 ' ' AGO1 CLIP, i i
& GSE43573-GSM1065668 AGO1 CLIP
8 256 GSE43573-GSM1065669 AGO1 CLIP i
= 2 GSE21578-GSM545213 AGO2 CLIP
§ 64 AGO2 CLIP i
£ . . '
£ 16] i
5 b
a4 )
SR i
e GSE28865-GSM714645 AGO2 CLIP = i
0.257 AGO2 CLIP . .

& O
& T
& S i AGO2 CLIP i

-
Q‘?‘o GSE28865-GSM714647 AGO2 CLIP |

72h 72h GSE32113-GSM796038 f AGO2 CLIP - ' u

B .
— AGO2 CLIP B
50 GSE2113-GSM796040 AGO2 CLIP - & i
50kD- $- sacin AGO2 CLIP .
37K factin 37 f "y

& &£ Q}é ,9&? AGO2 CLIP .
2 o 5 QL 1
& &\G & & '
& & GSE41437-GSM1020023 AGO2 CLIP '] 1
GSE41437-GSM1020024 AGO2 CLIP [
GSE41437-GSM1020025 AGO2 CLIP LA '
C / AGO2 CLIP 1 1
L] 1
|2 1
1
90 miRanda GSE43666-GSM1067869 AGO2 CLIP
_ (5743) AGO2 CLIP
ufiee — N GSE46611-GSM1133252 AGO2 CLIP
o1 AGO2_SRX388831 AGO2 CLIP
0 <_25\0 0 / GSE21578-GSM545214 ' AGO3 CLIP '
‘0 “3\754‘ / GSE21578-GSM545215 AGO4 CLIP
W 1 N U
,00 0 4 1107‘9774_ o UCSC Genes (Refgeg, GenBank, CCDS, Rfam, tRNAs & Comparative Genom\cs
< o CDKN1B RefSeq Genes
~00‘1% 139/339 Human mRNAS Human mANAs from GenBank
1% 4.88 100 vertebrates Basewise Conservation by PhyloP
@ 0 100 Vert. Cong R - rwain il PO 1Y N TS ummh .
y -4.5. Simple Nucleotide Polymorphisms (dbSNP 142) Found in >= 1% of Samples
Common SNPs(142) 11 l 1 I | [ (R [ | 1 |
E CLIPdb AGO HITS-CLIP Experiments F Pulldown targets:
AGO Hoxa7 |t
miR-196 target site coordinates: Cdkn1b [

Gene  |GRCh37/hg19 2 3/4 Rpi22l1 |ty

TMTC3  chr12:88,593,051-88,593,072 .. Rps27a |rtg
Chi1308.960.436.56. 809 457 - R o I—
€hr12:88,093,436-65,993, Rps25 |ty
chr12:88,588,859-88,588,880 R?)B4 ]

HOXA7  chr7:27,194,049-27,194,071 Nt [ —
chr7:27,194,019-27,194,040 u e
chr7:27,194,182-27,194.203 l Dph3  [=—a
chr7:27,194,219-27,194,240 Sptssa  fr===tq,

ZCCHC9 chr5:80,608,492-80,608,513 |l W Cld ==y
can :80,608,443-80,608,464 l. Gmnn  E=—e
chr5:80,608,413-80,608,434
chr5:80.600 792-80.600.813 u u E,eczgs I

MRPL39 chr21:26,958,020-26,958,041 | Il ] mp ——

RBM8A chr1:145,512,430-145,512,451 Jagn1 ==t
chr1:145,512,318-145,512,339 | [ Tmed2 |===f—e

SLC9A6 chrX:135,129,340-135,129,361 Prelid2  fe==—y
chr§:135,128,691-135,128,712 [ T S—
chrX:135,128,070-135,128,091 R

K ps14 ==

HOXA1 chifasi2eostd 3;532 28951 Cedc90b fe=—¢ Limiting miR-196 alleles:

chr7:27.134.084-27.134.105 Rps7 == 257 b¥-vs a2+

CDKN1B chr12:12,874,192-12, 874 213 | Jam3 ==,

CAV1  chr7:116,200.867-116,200,888 Rapla |===p

TBPL1  chr6:134,308,445-134,308 466 RoI11 =

ANXA1  chr9:75,785,112-75,785,133 Hoxb7?

chr9:75,773,648-75,773.669 e

POU2F1 chr1:167,389,044-167,389,065 | Il . P =
chr1:167,387,630-167,387,651 ] Schd  [=u¢
chr1:167.365.560-167.365.581 Akap12 |=—e

WDRs2 °R%3%272'2333%815';%8%132 s | i —
chr; Riim

CPSF7  chr11:61,188,914-61,188,935 Mdmé

TAF5L  chr1:229,738,377-229, 733 398 . . -
chr1:229,738,390-229,738,410 X [E=——
chr1:229,738.605-229.738,626 Ppwdl _[=—e

RPRD2 chr1:150,445,993-150,446,013 || || va 2 X O R ,O

chr1:150.443.280-150.443,301 N DS O N

SPTSSA chr14:34.903.412-34,903,433 [ ] old change (log,)

Figure S1. Optimization, characterization, and corroboration of biotinylated miRNA mimic target pulldown approach. (A) The average + SEM fold
pulldown by RT-qPCR relative to matched input controls for each Bi-cel-67 control (black bars) and Bi-miR-196b mimic (white bars) in three to four indepen-
dent pulldowns in HEK293 cells. Statistical significance by paired t tests for each gene versus Bi-cel-67 control. Results shown are an average of at least three
independent experiments. *, P < 0.05; **, P < 0.01. (B) Immunoblot analyses for known (HOXA7) and pulldown-identified (p27) miR-196b targets were per-
formed on whole cell lysates from HEK293T cells transfected with indicated Bi-miR mimics (B-actin served as loading control). A representative of two inde-
pendent experiments is shown. (C) Venn diagram of miR-196b pulldown targets in THP1 cells from Fig. 1 B, with target algorithm predicted miR-196b targets
from four different algorithms: DIANA, miRanda, PITA, and TargetScan. (D and E) AGO CLIP sequencing data from CLIPdb>? (Table S1) was manually searched
using BLAT in UCSC Genome Browser for miR-196b binding sites in pulldown targets identified in human AML cells from Fig. 1 B. Example UCSC Genome
Browser AGO CLIP tracks for pulldown target CDKNIB in D shows overlap of AGO binding with miR-196b target site (blue highlight). The process was re-
peated for several Bi-miR-196b pulldown targets, and the chart in E summarizes the results for each candidate miR-196b binding site (genomic coordinates).
The AGO CLIP-Seq dataset(s) in CLIPdb with corresponding AGO binding site overlap are indicated for each (black squares). (F) Mouse orthologues of the top
500 target genes identified by biotinylated miR-196b pulldowns in human AML cells, were queried in quantitative gene expression datasets generated from
E9.5 miR-196 mutant mouse embryos by RNA-seq. miR-196a2*/- control (n = 5) were compared with embryos with limiting alleles of miR-196 (196a2*/-;b™/",
196a277;b*~, or 196a2/-;b~/~ vs. 196a2*/-;b*/*; n = 4/genotype). Genotype comparisons are color coded, filled circle at the tips of fold changes represent a
statistically significant change at g < 0.05. Only genes that pass expression threshold requirements and exhibit significant up-regulated expression in at least
one genotype comparison are displayed. Cdkn1b is highlighted (red) within this list.

Meyer et al. Journal of Experimental Medicine
miR-196b controls leukemia stem cell activity https://doi.org/10.1084/jem.20171312

S24



~ —
o -
25 D gl
g K
o 4 °
3 5 21
0 34 193]
c (=
S o] s -4 L
£ 2 = HUU=HYLS L=
5 E - = UUE R
= 14 o -6 - U
I o
GO clustgr? — -8 T T T
TT T T T T T T T T T T T T T T T T T T T T T 11T o1 1T lolgggﬁ“&%gzwggﬁggezg
800 SOonNpTh T NIONT T a0 EQQOT O W E S s A8TS 0 foxas
SO o€ ©X = 0T aQ N5 cQ; = . c oS54
Or 8BS o S 58P0 =- 5238 Q8L = Eon QETCof »ionon
1G] %6 Ira=s w Co£TRI=ge £ o
GO cluster GO cluster
m endoplasmic reticulum m RNA processing
m cell cycle / cell death mnucleus
m enzymatic activities ion binding / transferase activity
= nucleotide binding / metabolism / catabolism
m transcription
C -+-- eT shRNA D 1.5+
—— Zcchc9 shRNA1 P

— Zcchc9 shRNA2

-
o
1

Percent survival
Relative expressiol
o :
()]
L >
)
h

100

757

50

254 0.0- T T T T T T T T T T T T T T

SELEE S ELELE
— S SESLEELLSEELSESE
0 5 10 15 20 25 30 35 FILO IR0 PP PP XX
. QURTATAL & & S F PP T
time (days) PP RN T ¥

p=0.886 shRNA1 vs. eT
p=0.225 shRNA2 vs. eT

Figure S2.  shRNA knockdown of miR-196b pulldown targets in MLL-AF9 AML. In vivo shRNA screening of AML-116 miR-196b pulldown targets was
performed in murine MLL-AF9 leukemic splenocytes. (A and B) The average log, RNAi screen enrichment (A) and depletion scores (B) of representative
hairpins/gene within GO clusters compared with average hairpins/gene scores of three controls (GFP, LUC, and RFP; black bars). The dotted lines denote the
average scores of control hairpins. (C) Survival curves of mice transplanted with MLL-AF9 leukemia cells expressing shRNA against Zcchc9 or €T control (n =
3-4 mice/group). Zcchc9 shRNA are a representative example of a gene whose hairpins were depleted from MLL-AF9 leukemia in the shRNA screen, and as
anticipated, its knockdown does not accelerate leukemogenesis. No significant differences were detected between groups by Log-rank (Mantel-Cox) text. (D)
shRNA activity was independently validated by TagMan on leukemic splenocytes from at least two moribund mice each in Fig. 2 (D-G) and Fig. S2 C. Sdha
served as a loading control, and shRNA-mediated knockdown is shown as relative to NT control mice for each gene. eT and LUC negative control shRNA
showed similar gene expression as NT (data not shown).

Meyer et al. Journal of Experimental Medicine
miR-196b controls leukemia stem cell activity https://doi.org/10.1084/jem.20171312

S25



A

SshRNA

NT Phc2
shRNA

e C

= =
N /

N /

R \\\\M‘

3= Phc2sh

NTsh

@)

Enrichment plot: "ADULT TISSUE STEM CELL MODULE
(WONG ET AL, 2008)"

g \/
0 AR

«Cakn1bsh

N

En lot: JADULT TISSUE STEM CELL MODULE O NT shRNA
RN GEL AT To0m, 2501 @ Cakn1bShRNA  m NT ShRNA
O Gakn1b ShRNA
p2 s
s} 2
215 810
s
g g
210 Sois
z &
50- b5l
So.0
I: o] T
NES 146 FDRO0.04 Pidting
E MLL-AF9 NTsh MLL-AF9 Cdkn1bsh donor 1 MLL-AF9 Cdkn1bsh donor 2
1004 , Cell Dose Cell Dose 100. Cell Dose
T — 1000 —1000 —1000
_ -600 —600 5, --600
g — 300 300 2 © 300
2 —100 100 £ 100
7 30 30 @ S 30
< ®
25
04
0 10 20 30 40 50 60

T

Percent of live cells

Days Post-Transplant

100

CINT shRNA
M Cakn1b ShRNA
ns.

IS
=}

ns.

©
S

N
S
Percent of GMP

o

o

10 20 30 40 50 60
Days Post-Transplant

GO Biological Process:
B CD11b+Gri+ p<0.02
cell proliferation
cellular amino acid metabolic process
cellular response to stress
cell migration
mitotic cell cycle process
G1/S transition of mitotic cell cycle
myeloid cell differentiation
cell motility
response to cytokine
positive regulation of cell differentiation
negative regulation of cell proliferation

10 20 30 40 50 60
Days Post-Transplant

No. genes altered by Cdkn1b knockdown

downregulated(-

upregulated(+)
-15 -10 -5 0 5 10

15

apoptotic process

S
&
o

Enrichment plot: MYC-REGULATED ES CORE

K &L

Enrichment plot: NON-MYC-REGUALTED ES CORE

<~

o |

Cdkn1bsh

NTsh

Figure S3. Effects of Cdknlb knockdown on MLL-AF9 transcriptional programming and immunophenotype. (A) Heat map of log, gene expression in
Phc2 shRNA-knockdown and NT control leukemias. Hierarchical clustering of 82 differentially expressed genes showing greater than twofold change in ex-
pression by RNA-Seq analysis of NT shRNA control (n = 3) or Phc2 shRNA (n = 3) expressing MLL-AF9 leukemic splenocytes. (B) GSEA analyses plots ranking
ESC core gene set (upper) and adult tissue stem cell gene set (lower) along descending fold change gene expression in Phc2-knockdown (n = 3 mice) versus
NT control (n = 3 mice) MLL-AF9 leukemias by RNA-Seq. Expression of the top subset of leading edge genes in the Phc2 shRNA (Phc2sh) or control NT shRNA
(NTsh) MLL-AF9 leukemias is shown for each GSEA. NES, normalized enrichment score. (C) GSEA plot ranking adult tissue stem cell gene set along descend-
ing fold change gene expression in Cdknlb-knockdown versus NT control leukemias by RNA-seq (n = 2 mice/group). Expression of the top subset of leading
edge genes in the Cdknlb shRNA (Cdknlbsh) or control NT shRNA (NTsh) MLL-AF9 leukemias is shown for each GSEA. (D) MLL-AF9 leukemic splenocytes
transduced with NT shRNA control or Cdkn1b shRNA lentiviruses, puromycin selected, and 3 x 103 cells/group were plated in methylcellulose colony forming
assays (CFU). Left, average CFU + SEM of NT (dashed line) or Cdkn1b (solid line) shRNA transduced MLL-AF9 cells performed in triplicate. Cells were replated
in triplicate for a total of three platings. A representative of two independent experiments is shown. Two-way ANOVA Bonferroni's multiple comparisons test
was used to evaluate statistical significance, no differences were detected. Right, RNA was isolated from NT or Cdknlb shRNA MLL-AF9 cells after serial re-
plating, and Cdkn1b expression measured by TagMan. Two technical replicates are shown as representative of at least two independent experiments with
similar results. Sdha served as a loading control and expression is shown relative to NT control. *, P < 0.05 by t test. (E-G) Survival curves of mice (n = 6/cell
dose per shRNA) transplanted with the indicated number of NTsh (E), Cdkn1bsh donor 1 (F), or Cdkn1bsh donor 2 (G) MLL-AF9 AML cells. (H and 1) Leukemic
splenocytes harvested from moribund NT shRNA control and Cdknlb-knockdown mice were evaluated by flow cytometric analyses for differences in pro-
genitor gate populations LK and GMP (H) and myeloid differentiation markers CD11b and Grl on leukemic GMP-gate cells (). The average percentages of the
indicated populations = SEM are shown (n = 3/group). Statistically significant differences between NT shRNA and Cdknlb shRNA groups were evaluated by
t test for LK, GMP-gate in H, and two-way ANOVA Bonferroni's multiple comparisons test was used to determine significant differences between NT and
Cdkn1b shRNA groups for each population in I. **, P < 0.01. n.s., not significant. (J) Gene ontology analyses of differentially expressed genes from RNA-Seq
analyses of Cdknlb-knockdown MLL-AF9 leukemia cells compared with NT control (n = 2 mice/group; Fig. 3 A). GO biological processes are reported as a bar
graph showing the number of up-regulated (+) or down-regulated (-) genes. (K and L) GSEA analyses plots ranking along descending fold change gene ex-
pression in Cdknlb-knockdown MLL-AF9 cells compared with NTsh MLL-AF9 control (n = 2 mice/group). Gene sets were derived from the Wong ESC core

gene set (from Fig. 3 B) divided into two groups: Myc-regulated target genes (K) or non-Myc-regulated target genes (L). Expression of the top subset of
leading edge genes is shown for each GSEA.
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Figure S4. p27€P!induces cyclin/cdk-dependent cell cycle arrest in MLL-r AML. (A) Representative histograms of Vybrant DyeCycle DNA dye stained
ZsGreen* murine MLL-AF9 cells at 48 h after transduction with EV, WT p27, S10A, and CK~ lentiviruses. Areas used to calculate the percentage of cells in each
cell cycle stage are indicated for G1 (purple), S (yellow), and G2/M (green). The percent of cells per cell cycle stage are indicated in the upper right corner of
each histogram. The experiment was repeated at least twice with similar results. (B) Average relative expression of miR-196b + SEM by RT-qPCR analyses of
RNA isolated from human AML cell lines THP1, MV4;11, and MOLM13. Results are average of two independent experiments. Significant differences were
evaluated by parametric unpaired t tests. *, P < 0.05; **, P < 0.01. n.s., not significant. (C) Representative histograms of Vybrant DyeCycle DNA dye stained
ZsGreen* THP1, MV4;11, and MOLM13 cells at 48 h post-transduction with EV, WT p27, S10A, or CK" lentiviruses. Areas used to calculate the percentage of
cells in each cell cycle stage are indicated for G1 (purple), S (yellow), and G2/M (green). The percent of cells per cell cycle stage are indicated in the upper right
corner of each histogram. The experiment was repeated at least twice with similar results.

A . + DMSO B . & + DMSO
12.5 SLZ P1-41 (uM) 0825 0825 1 25 22d (uM)

37kD
gg ::B- @ DE p27
37 kD]! ng I_I S pactin

7 kD- —_
THP1 MV4;11 MOLM13 MOLM13  MV4;11 THP1

Figure S5.  p27XiP! levels in human AML treated with SCFSP2 inhibitors. Immunoblots for p27 and loading control B-actin on protein lysates generated
from THP1, MV4;11, and MOLM13 human AML cells after 24 h treatment with SLZ P1-41 (A) or 22d (B). SLZ P1-41 doses chosen for immunoblot were based
on the lowest dose to achieve a significant reduction in cell viability as indicated by black arrows in Fig. 5 B. 22d doses were chosen based on mid and high
used in synergy assays in Fig. 5 (C-E). A representative of two independent experiments is shown.
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Tables S1, S2, and S3 are included as separate Excel files. Table S1 shows AGO-CLIP-Seq datasets from CLIPdb. Table S2 shows
differentially expressed genes in Cdkn1lb shRNA expressing MLL-AF9 AML compared with NT shRNA control AML. Table S3
presents Skp2 inhibitor 22d synergy drug analyses in combination with I1-BET151, MI-1, or Palbociclib.
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