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DEVELOPMENT OF WHOLE-GENOME CRISPR-CAS9 SCREENS TO DISCOVER NOVEL
IMMUNOTHERAPY TARGETS IN PEDIATRIC LEUKAEMIA

Jacgelyn Nemechek*, Kealan Schroeder, Jenniter Pace, Bradley Stockard, John Means, Scott Younger, John Perry
*imnemechek@cmh.edu

Children’s Mercy Kansas City

IC inhibitors prevent the immune system from overacting. Leukaemia stem cells (LSCs) use
this to their advantage to protect themselves from immune attack. In contrast to typical clinical
usage, low-dose DXR freatment reduces expression of multiple IC inhibitors, which exposes
LSCs to elimination by cytotoxic T lymphocytes. We have been able to capture this same effect,
of targeted DXR exposure (low, sustained dose) and clinical DXR exposure (high, cytotoxic
dose), so that we can apply and recapitulate that same immunogenic function in our dCas9-
stable leukaemia cell lines for the whole-genome screen (Fig 4).

BACKGROUND & RESEARCH QUESTION

Therapy-resistant cells are responsible for cancer freatment failure, but targeting these cells
remains challenging. Minimal residual disease (MRD) contains chemoresistant leukemia stem
cells (LSCs), which are particularly resistant to therapy and reduce the risk of relapse.

Treatment of pediatric leukaemia often involves the use of high doses of anthracyclines, which

DEVELOPMENT & VALIDATION

Preparatfion of SQRNA Libraries

CRISPRi & CRISPRa whole genome libraries have been amplified, sequenced, and packaged
info lentiviral particles. Each library contains > 18,000 human genes and each gene is targeted
by 3 unique sgRNAs.

results in severe side-effects. Based on previous studies showing that anthracyclines such as
doxorubicin (DXR) can target therapy-resistant leukemia stem cells (LSCs) at low, non-tfoxic doses,

we repurposed DXR as a targeted inhibitor rather than a broadly cytotoxic chemotherapy. Unlike Generation Of dCClSQ-Sbe/e Ce// Lines & VO/[O’foOn Of O’CCISQ A B 4 -
clinical usage, low-dose DXR treatment reduces expression of multiple immune checkpoint (IC) F fi 3x10° ¥ vehicle A
genes, which exposes LSCs to elimination by cytotoxic T lymphocytes. uncrion : ;2 ”m 3
. . . . n
~ Here, we use whole genome CRISPR-Cas9 screening fo invesfigate the mechanisms that Leukaemia cell lines are being designed to stably express deactived-Cas9 (dCas9) or dCas9- o > 7
distinguish immunotherapeutic vs chemotherapeufic doses of anthracyclines in pediatric KRAB (Fig. 3A) to activate or inhibit transcription, respectively, when transduced with the sgRNA 82x10°7 8 25
leukaemia. libraries. To determine if the newly established dCas9- and dCas9-KRAB- expressing cell lines & L!f i l l
are active, intfroduction of lenfivirus for positive control sgRNAs targeting human cell surface é L 1T = T
A B @ . @ CD8* T cell genes that have shown high activity have been tested. These sgRNA constructs are infected into 3 1x10° T m EcoCALR =
. \, " 2 each corresponding CRISPRi or CRISPRa line and knockdown or overexpression efficiency is ;: L Hcelis U
) . < / @ ., LSC —4 measured by flow cytometry (Fig. 3B). , ¢ e
: 7 I I | I | I | | | I |
\ Y Y N o
( J ¢ o A B F TSI ST
A o NTe o8 & e 08 & Days post-treatment @ N N 2) ) A Q
C 2\ ) -\ D =2\ ) -\ Cancer Cell 7 Ch155 ////\ CDT155 / \ Figure 5. “Intermediate” exposure range inducing ICD. (A) Leukaemia cell proliferation with differential
> N, - - = - > . o - 5 g ] s — exposure to DXR. (B) Fold change of ecto-CALR expression and cell numbers from day 1 to day 5. Red box
\ - - \ &7 & o ( i - vox 96.3% /\\ sgCD%535 ? sZSTZ indicates exposure where cell expansion stops and ecto-CALR is induced.
- & ° !/ W 518 ' D /0 § )
Y ¥ D)\ Y s *" o | s e In the laboratory, anthracyclines can also stimulate ICD. Unlike other forms of cellular death,
¥ e \e 8w Low DXR J\ ; CD%%_? Z,%ﬁ% ICD can induce an anfi-cancer immune response, effectively immunizing against cancer
20€ \“i\ A recurrence. As the first responder to cell-stress (and potentially ICD induction), we monitored
Figure 1. Therapy resistant LSCs exhibit unique properties of immune escape that can be targeted. (A) LSCs ! //’/ : ; CD;I 595; SZ,%'T_% CALR expression, hUﬂ@)é:pAeLCIQ’[Qd|Y, dwe Tfound l}/\/'hm ?ppeors TT(T)h be|. 5 pO|TSIb|e llmf erdIOTe”
express diverse immune checkpoints, which protects from elimination by T cells. (B) Low dose DXR inhibits IC v . ‘g eXposUre mng,e W ere. _ IS INTICATing Ce_ JIar siress, yet the dive Cells populdiion 1s we
expression. (C-D) Now lacking their immuno-suppressive shield, LSCs are exposed to anti-cancer T cell activity IS = e PR LS L I P I U AL A I L L enough fo continue prohferohng (16 nM DXR)(F'Q /).
and selectively targeted (Perry et al., 2020. Nat Cell Bio). S N ° ° 0 " " " " " " "
Fluorophore
ANALYSIS of GENE HITS

DESIGN

We are currently utilizing CRISPR-Cas9 gene editing technology to construct and validate a
chemical-genetic strategy for identitying immune checkpoint (IC) suppressors and immunogenic

Figure 3. (A) Generation of dCas%-stable cell lines. After transduction of dCas9 lentiviral particles, leukemia cells
were FACS sorted for selection of BFP-positive dCas9. (B) Validation of dCas?9 function. Nearly all dCas?-stable
leukemia cells express CD155 on their cell surface, however, when transduced with each of the 3 sgRNA
lentivirus against CD155 expression is knocked-down. This experiment confirms that dCas? is indeed functional
in the stable cell line. NIC = non-infected control.

Currently, we are analyzing the sequencing data from the first screen and identifying the top
positively- and negatively-selected gene hits. The selected biologically relevant hits will be
further validated and then studied in depth for potential therapeutic uses.
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Figure 4. Inhibition of immune checkpoints by low/targeted anthracycline treatment in patient-derived leukemia
cells. (A) Cell proliferation with differential exposure to DXR. (B) % PD-L1+ Kasumi-1 cells and fold change (vs
vehicle) in PD-L1 expression at low vs high DXR exposure. This is the same effect as seen in mouse LSCs from
our previous studies indicating that we are able to recapitulate the targeted DXR mechanism for this studly.
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