SPINK2 protein expression is an independent
adverse prognostic marker in AML, and is
potentially implicated in the regulation of
ferroptosis and immune response
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Supplementary methods and information

Identification of SPINK2 overexpression in AML and functionally defined LSC fractions

The Oncomine [1] database was used to initially compare microarray gene expression data between
AML samples (N=831) and normal bone marrow (NBM) samples (N=141) in 4 independent datasets
(GSE7186, GSE13164, GSE13159, GSE995) generating a list of differentially expressed genes. The top-50
genes by median-ranked analysis were further selected. From these 50 genes, only those were further
selected which were (i) not well characterized in AML, and (ii) part of a recently generated LSC gene
signature from Ng ef al [2]. Four genes were selected by these criteria: SHANK3, GPSM1, FSCN1 and
SPINK2. Median expression of the 4 genes was then compared between sorted CD34* AML cells (n=46)
and sorted CD34* NBM cells (n=31) in the GSE30029 dataset [3]. Of the 4 genes, SPINK2 had
significantly highest fold-change (SPINK2: 2.34, p=0.0065; FSCN1: 1.53, p=0.004; GPSM1: 1.37, p=0.086;
SHANK3: 1.29, p=0.19). Furthermore, median expression of these genes was also compared between
functionally defined LSC-enriched (LSC, n=25) and LSC-depleted (LSC-, n=29) populations in the
Eppert et al dataset (GSE30377) [4]. SPINK2 and FSCN1 were significantly upregulated in LSC* vs. LSC-
populations (SPINK2: 1.653 vs. -0.2122, P=0.032; FSCN1: 0.2649 vs. -0.3189, P=0.034), whereas there was
no data available for the other 2 genes (SHANK3, GPSM1). In the Ng et al dataset, SPINK2 was increased
approximately 4-fold in the functionally defined LSC fraction vs non-LSC fraction, while FSCN1 was
increased around 2.5-fold (Data obtained from original study, extended data table 1 “List of 104 DE
LSC genes”) [2]. Based upon these initial observations, SPINK2 was chosen for further analysis. From

the initial Oncomine analysis, SPINK2 expression was significantly increased more than 2-fold in AML
vs. NBM in all 4 datasets. Further Oncomine analyses of relative SPINK2 gene expression among 3,248
leukaemia patients (AML, CML, ALL, CLL) demonstrated relatively high SPINK2 expression
specifically in AML patients.

Public datasets used for validation of clinical findings in adult and pediatric AML
TCGA-LAML (N=200)

RNA Sequencing data was available for 173 out of 200 patients included into The Cancer Genome Atlas
(TCGA) adult AML study [6]. SPINK2 RPKM expression values were downloaded for each patient
from cBioPortal (https://www.cbioportal.org/) and detailed clinical and mutational information for 200
patients was kindly provided by Prof. T Ley (timley@wustl.edu) in January 2019. A value of 1 was
added to each RPKM value before log2-transformation was performed. Patients were dichotomized
into higher and lower SPINK2 expression groups by the median to analyse the correlation of SPINK2
expression with cytogenetic and mutational status. Out of the 173 patients, 58 patients were excluded
from the survival analysis because they either were of FAB M3 subtype (N=16) or received induction
with therapeutics not involving the standard DA 7+3 regimen backbone (N=36) or had OS <1
month(N=4) or had incomplete data (N=2). This left a more homogeneously treated subgroup of 115

patients. Of note, only OS data was available for analysis. For survival analysis, patients were
dichotomized into high and low SPINK2 groups based upon the median of SPINK2 expression. For the
pairwise multivariate Cox analysis comparing LSC gene expression signatures and SPINK2 expression,
three previously published LSC gene expression signatures (Ng [2], Gentles [7] and Eppert [4]) were
used. The scores of each patient sample were calculated using the gene signatures as described in the
respective publications.

OHSU BEAT-AML, N=672

RNA-Sequencing data for SPINK2 was available for 405/672 patients included into the BEAT AML
study [8]. Of these, patients not having a diagnosis of AML (N=13) were excluded, leaving 392 patients
with complete mutational data for analysis. SPINK2 RPKM expression values were downloaded for
each patient from cBioPortal (https://www.cbioportal.org/) in July 2020, including mutational,
cytogenetic and clinical information for each patient. For analysis of SPINK2 and chemotherapy




response, 180 patients were analysed since they (i) were without a diagnosis of AML with
myelodysplasia-related changes or therapy-related AML, (ii) were treated on standard induction
regimens involving cytarabine and anthracycline backbones, and (iii) had available data on treatment
response.

Verhaak (GSE6891, N=537)

This dataset [9] comprises of 537 adult de novo AML patients <60 years of age treated according to the
protocols of the Dutch-Belgian Haematology-Oncology Cooperative Group (available at
www.hovon.nl). Log-transformed microarray gene expression data and other relevant clinical data
available for 458 patients were downloaded from NCBI GEO database and/or kindly provided by direct
correspondence with Prof P.J.M Valk (p.valk@erasmusmec.nl) in September 2018. After excluding 17
patients with MDS and 24 patients with FAB M3, 417 patients were included for clinicopathological
analysis. Patients were dichotomised into high and low SPINK2 groups by the median.

Balgobind Pediatric AML (GSE17855, N=237)

Microarray gene expression data of this cohort [10] were downloaded from NCBI GEO, and clinical
data of the patients were kindly provided by Prof Monique L. den Boer
(M.L.denBoer@prinsesmaximacentrum.nl) in December 2019. Only 193 out of 237 were included into
the survival and treatment-response analysis after exclusion of patients having no survival data (N=16),
patients with OS less than 1 month (N=14), and patients with t(15;17) AML (N=14). More detailed
information of this patient cohort can be found in the original article [10].

TARGET-AML (pediatric), N=235

Freely accessible RNA Sequencing data as well as clinical data available for 235 non-FAB M3 patients
of this cohort were downloaded in February 2020 from https://portal.gdc.cancer.gov/projects/TARGET-
AML. Other detailed information about this cohort is available online. Only 224 patients were included
into the survival and treatment-response analysis after exclusion of patients above age 18yrs (N=10)
and patients with OS<1 month (N=1).
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Supplementary Figure S1. Identification of SPINK2 overexpression in AML and in LSC fractions.
(A) Figure adapted from Oncomine listing the top-50 genes identified in the differential analysis
comparing 831 AML samples vs. 141 NBM samples in 4 datasets — (1) Andersson (GSE7186), (2) —
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Haferlach (GSE13164), (3) Haferlach 2 (GSE13159), (4) Stegmaier (GSE995), showing the genes listed
according to their median rank. Grey squares indicate that the gene was not detected in the
corresponding dataset.

(B) Selection criteria to filter out LSC-associated genes (SHANK3, GPSM1, FSCN1, SPINK2) with bar
graph showing median and expression ranges in NBM CD34+ and AML CD34+ cells in the GSE30029
dataset. Ns — not significant. P-value computed by Mann-Whitney test.

(C) Data adapted from Oncomine showing the fold-change of SPINK2 in each of the 4 datasets. In
brackets are the sample sizes for each comparison. Abbreviations: BM — bone marrow, PBMNC -
peripheral blood mononuclear cells

(D) Figure adapted from Oncomine demonstrating comparative analyses of SPINK2 expression among
the leukemias in datasets GSE13159 and GSE13164 which showed high expression in AML relative to
other leukemias. Abbreviations: BM (bone marrow), PBMNC (peripheral blood mononuclear cells), FC
(Fold Change), ALL (acute lymphoblastic leukemia), CLL (chronic lymphocytic leukemia), CML
(chronic myeloid leukemia).

(E) Analysis of the Eppert et al dataset (GSE30377) comparing SPINK2 expression in functionally
defined leukemogenic (LSC+, n=25) or non-leukemogenic (LSC-, n=29) AML fractions (Median: 1.653
vs. -0.2122, p=0.032)

(F) Figure adapted from the Ng et al dataset showing the log: foldchange of the 104 most differentially
expressed genes (represented as yellow spheres) between the functionally defined LSC fraction (n=138)
and non-LSC fraction (n=89). Blue arrow points to SPINK2 at position 2 with an approximate fold-
change of 4 in the LSC* vs. LSC- fraction.
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Supplementary Figure S2. Univariate Kaplan-Meier (KM) survival analysis for RFS in the whole
PWH cohort (N=112), the cytogenetic IR-AML (N=80), ELN2022 IR subgroup (N=35), normal
karyotype subgroup (N=62) and the NPM1 cohort (N=35).

(A) KM curves for RFS in the heterogeneous cohort. Median RFS in SPINK2"s" vs. SPINK2!v groups: 9
vs. 37 months.

(B) KM curve for RES in the cytogenetic IR-AML cohort. Median RFS in SPINK2"" vs. SPINK2lw groups:
12 vs. 37 months.

(C) KM curve for RFS in the ELN2022 IR-AML cohort. Median RFS in SPINK2"" vs. SPINK2/» groups:
14 vs. 37 months.

(D) KM curve for RFS in normal karyotype cohort. Median RES in SPINK2"s" vs. SPINK2/» groups: 12
vs. 35 months.

(E) KM curve for RFS in the NPM1" cohort. Median RFS in SPINK2"s" vs. SPINK2lw groups: 14 months
vs. undefined.

Survival proportions were compared using the logrank P-value and logrank hazard ratio (HR).
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Supplementary Figure S3. SPINK2 and outcome of SCT recipients of our transplant cohort and the
TCGA-LAML

(A) KM survival curve comparing post-SCT-OS between patients with high and low median SPINK2
expression of our combined transplant cohort, N=114. Median post-SCT OS (high vs. low SPINK?2):
both unreached

(B) KM survival curve comparing post-SCT OS between patients with high and low median SPINK2
expression who received SCT in relapse after CR or in refractory status. Median post-SCT OS (high vs.
low SPINK?2): 8 vs. 82 months.

The logrank P-value and logrank hazard ratio (HR) were used for comparison of groups.
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Supplementary Figure S4. Univariate KM survival analysis for EFS and OS in the heterogeneous
cohort and IR, NK-AML and NPM1mut subgroups of the PWH adult AML cohort.



(A-B) Survival curves of the heterogeneous cohort (N=137) for EFS (A) and OS (B). Median survival in
SPINK2"sh vs. SPINK2!» groups: EFS, 8 vs 18 months; OS, 15 vs. 74 months.

(C-D) Survival curves of the cytogenetic IR cohort (N=101) for EFS (C) and OS (D). Median survival in
SPINK2"s" vs. SPINK2"v groups: EFS, 8 vs 22 months; OS, 15 vs. 74 months.

(E-F) Survival curves of the ELN2022 IR cohort (N=45) for EFS (E) and OS (F). Median survival in
SPINK2"sh vs. SPINK2w groups: EFS, 8 vs 26 months; OS, 14 vs. 35 months.

(G-H) Survival curves of the NK-AML cohort (N=76) for EFS (G) and OS (H). Median survival in
SPINK2"gh vs. SPINK2 groups: EFS, 8 vs 25.5 months; OS, 13.5 vs. 78 months.

(I-]) Survival curves of the NPM1mut cohort (N=46) for EFS (I) and OS (J). Median survival in SPINK2"is"
vs. SPINK2! groups: EFS, 9 months vs unreached; OS, 11 months vs. unreached.

Survival proportions were compared using the logrank P-value and logrank hazard ratio (HR).
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Supplementary Figure S5. Univariate survival analyses (OS) of SPINK2 mRNA overexpression in
the TCGA-LAML whole cohort and indicated subgroups.

(A) Kaplan-Meier (KM) survival curves for OS in the heterogeneous cohort including all ages (N=115).
Median OS (high vs low SPINK2): 17.1 vs 30.6 months.

(B) KM survival curve for OS in the cytogenetic IR subgroup: Median OS (high vs low SPINK2) —14.5
vs 37.4 months.

(C) KM survival curve for OS in the normal karyotype subgroup: Median OS (high vs low SPINK2) —
15.4 vs 42.3 months.

(D) KM survival curve for OS in the NPM1m subgroup: Median OS (high vs low SPINK2) —17.0 vs 56.3
months.

(E) KM survival curve for OS categorized by ELN2022 risk criteria only. Median OS (fav vs. int vs. adv
risk) — 56.3 vs. 17 vs 11.8 months. Logrank trend test, P<0.0001.

(F) KM survival curve for OS categorized by ELN2022 risk criteria with incorporation of SPINK2
expression status. Logrank trend test, P<0.0001.

(G) KM survival curve for OS categorized by ELN2022 risk criteria with incorporation of SPINK2
expression by combining categories as indicated. Median OS (adv+int/high SPINK2 vs. int/low SPINK2
+ fav/high SPINK2 vs. fav/low SPINK2) —11.8 vs. 24.8 vs. 95.6 months. Logrank trend test, P<0.0001.
Survival proportions were compared using the logrank P-value and logrank hazard ratio (HR).
Abbreviations: Fav, favorable risk; Int, intermediate risk; Adv, adverse risk.
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Supplementary Figure S6. SPINK2 and pediatric AML: Univariate survival analysis in the PWH
pediatric AML cohort (N=61) and in the TARGET-AML (N=224) and Balgobind (N=193) pediatric
AML datasets.

(A) In order to determine an optimal expression cut-off with strongest prognostic implications, the
cohort of 61 patients was first examined by univariate Cox survival analysis comparing OS and EFS
using 10% increments of SPINK2 expression fold-change (FC). A cut-off at the 70t percentile
demonstrated strongest association with adverse outcome in terms of the log-rank P-value, hazard ratio
(HR) and 95% CI of HR. The subsequent Kaplan Meier (KM) survival and clinicopathological analyses
were performed by dichotomization of the cohort at this cut-off.

(B) KM survival curve for RFS in pediatric AML patients who had achieved CR: Median RFS (high vs
low SPINK2) — 12.5 months vs unreached.

(C) KM survival curve for EFS in pediatric AML patients: Median EFS (high vs low SPINK2) — 13.5
months vs unreached.

(D) KM survival curve for OS in in pediatric AML patients: Median OS (high vs low SPINK2) - 28.1
months vs unreached.

(E) KM survival curve for EFS in the TARGET AML cohort: Median EFS (high vs low SPINK2) - 9.9 vs
17.3 months.

(F) KM survival curve for OS in the TARGET AML cohort: Median OS (high vs low SPINK2) — 32.5
months vs unreached.

(G) KM survival curve for EFS in the Balgobind cohort: Median EFS (high vs low SPINK2) —11.0 vs 58.4
months.

(H) KM survival curve for OS in the Balgobind cohort: Median OS (high vs low SPINK2) — 32.3 months
vs unreached.

Survival proportions were compared using the logrank P-value and logrank hazard ratio (HR).

12



A KG1a ME1 GDM1

1.5 1.5 1.5
‘3 104 é 1.0+ ‘3 1.0
: : :
:
g 0.5 2 0.5 2 0.5
3 =z F
& a &
w ol w
0.0~ 0.0 0.0=
‘_@e‘ 4 &*’ 94\&3 ‘@9 :,Q“}p ﬁe‘;ﬂ ‘(e“’ &P gd\‘,s?'
L LA LA
B & o LR
& 5 = &£ 4
o &£ & o & 4 C o P i
F %«’ o * & o « & &
PBActin ‘ — —‘ LR — — S w— | p-Actin
SPINKZ | -] [ - — - s
KGia ME1 OCGIAML3 MBLM‘I_
D MOLM13 wt MOLM13-EV MOLM13-SPINK2
Q @ GFP BOO
GFRp 99.3%
= 0.00% i e g
= : & 600
o
=
E g 10
(39}
e | 800 4 g;’&%
=
<
(&)
o
0 T T T 1
I[ln 'ID‘ 10: |CJ |l'|' Iﬂn
FLIH- GEP FLI-H: OFF
OCIAML3 wt OCIAML3-EV OCIAML3-SPINK2

Supplementary Figure S7. Modulation of SPINK?2 gene expression in KG1a, ME1, GDM1, MOLM13
and OCIAMLS3 cells.

(A) qPCR confirming the reduction of SPINK2 expression upon SPINK2 knockdown with siRNAs #1
and #2 in KGla (left), ME1 (centre) and GDM1 (right) cells. gPCR shows the mean + SD of at least 3
independent experiments in KGla and MEI cells, and the mean + SD of 2 independent experiments in
GDML. Statistics, ordinary one-way ANOVA and Dunnett’s multiple comparisons test. *** P<0.001,
#**P<0.0001 (B) Western blots showing decrease in SPINK2 protein expression in cells with SPINK2
knockdown. 3-ACTIN was used as loading control. (C) Western Blot of SPINK2 in OCIAML3 and
MOLM13 cells transduced with empty vector (EV) and SPINK2 lentiviruses. 3-ACTIN was used as
loading control. (D-E) Flow cytometry showing transduction efficiency in MOLM13 (D) and OCIAML3
(E) cells as measured by percentage of GFP* cells after 1 week of puromycin selection at 1pg/ml.
Transduction efficiency was consistently >90%.
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