Interrogating the lkaros Axis and MM Heterogeneity in IMID resistance
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Drug Resistance in Multiple Myeloma

The lkaros Axis Is expressed in more PC-like MM

IMID cross-resistance is prevalent in MM cell lines

Multiple myeloma (MM or myeloma) is a malignant plasma cell neoplasm that afflicts more than 30,000 e HO29 MMAS o 1363 = Amod v KMS12-PE cel IS, while MYC is expressed in all MM cells
Americans each year and is the second most prevalent adult hematologic malignancy'. Over the last ' HTB-1389.1
decade its incidences have continued to increase, with an estimated 12,960 deaths occurring this year. i - A) ' B)
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pIC. drug Cla_SS with Severe_" meChamSm_S of c %g < % u\: x 2 - g% Figure 3. IMiD sensitivity in MM cell lines. Five MM cell lines were treated with increasing doses of three different IMiDs for 96 hours.
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anti-tumor effects by promoting the proteaso- E E - I8 % Il PC-like MM [ Less PC-like MM [ CD45+CD3+ PC-like MM [[Z]CD45+CD3+ PC-like MM
. o T ©
mal degradation of critical MM transcription = % a O _ _ _ _
factors Ikaros (IKZF1) and Aiclos (IKZF3) (Fig- & : Alterations In the lkaros axis that affect the IMID o
ure 2)*°. Although most patients initially re- ¢ X - - - I i O, & I il
spond. the majority of patients exposed will O . MOA are not found in IMiD-resistant MM - HF@‘ R
become resistant or cross-resistant to IMiDs?, 85/ 5 1 ”"%L%f‘*ﬁ,iﬁgﬁg = I
and the mechanisms of acquired IMID resis- oF o s | §;§,tf¢§i§?% e _
tance remain largely unknown. Based on the ' ' ' ' | o G ' { notMM 1 #hagshaAnifi ety W I
: : : : > & OF SO F T L L9 o T 4 e 2L o ' i
known mechanism of action in IMiDs, we NGRS OX KPP KO P X KX B IR VAL IS gk
: : oV L 7V fl’@ & & v ¢ & & 176 o ; MM . 6868 | St dg. >, 3568
have investigated whether the lkaros axis & & %Qé e S D T ey _ _ I | e e I
shows a differential response to IMiD treat- o g - o
ment in patients with IMiD resistance. 3 S 3 1 T T L BAs0n 1 S
ﬁ 823 o -] . : D R T e et RIS B .
Figure 1. Disease course of Patient 614. Bottom axis is time and vertical axis is free light chain (FLC), indicative of disease burden. 9. S R IKZF1—>  |KZF3 — D) IMID-naive, newly-diagnosed
Colored boxes are labeled with treatment for the corresponding period of time. Revlimid (R)=lenalidomide (len), Pomalyst (Pom)=pom- oo N CD138 BCMA CD45
alidomide, Cy=cyclophosphamide, Bor (V)=bortezomib, D=dexamethasone, PACE=chemo, Elo=elotuzumab, Dara/Dar=daratumumab, FSH > CD38 > . .
Car=carfilzomib, Cis=cisplatin, DCEP=chemo+Dex, Pan=panobinostat, Sel=selinexor. B) C) —
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7 and MYC, leading to MM cell death. D | | | | | | Figure 6. CyTOF analysis of two plasma cell leukemia (PCL) patients. (A) Overlaid viSNE of all live MNCs in Len-relapsed/refractory PCL patient with
T Cw »‘ ‘ i (\ro‘?’ 2 ((o‘?’ 2 066 2 MM clusters denoted below. (B) Histograms of MM clusters in (A) to illustrate how populations were classified. (C) Heatmap of IKZF1, IKZF3, IRF4,
‘ﬂ “ 0.0- : %QO QO(\ %QO QO(\ 6QO Qo° and MYC in different clusters with scales indicated on the right. (D, E, F) Same as (A, B, C) but for an IMiD-naive, newly diagnosed PCL patient.
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Figure 4. Ikaros axis IMiD response and expression in primary MM patients. (A) Representative gating scheme of live cells pri- C O n CI U S | 0 nS a n d F Utu l'e D | l'e Ctl O nS
IVI et h O d S mary samples. (B) Relative protein expression of IKZF1 or IKZF3 following 24hr 10 uM Pom treatment. Each dot represents an individual
patient sample. Each is relative to its own re_spectlve. untreated con’FroI. (C) Relatlve IRF4 expression in primary samples after 48hr 10 uM -IKZF1 degradation in response to IMiDs is retained in IMiD-resistant patients and IKZF3 response does not
MM cell line and prima MM samble drua treatment Pom treatment. Each dot represents a technical replicate, and relative MFI is calculated compared to respective untreated controls. Re- i i . .
{iné and p ry Wil P g trea o | | sistant = HTB-646.1, HTB-634.3. Sensitive = HTB-656.1 (D) IKZF1, IKZF3, and IRF4 normalized RNA expression data from bulk RNA-se- differ between sensitive and resistant patients. | - | | |
For cell line Vlablllty, MM cell lines were treated with the indicated IMiD concentrations for quencing in patients enrolled in the MMRF CoMMpass research study. No response was classified as a patient who received either Len or °|[RF4 is also equwalently downregulated between IMiD-sensitive and -resistant cell lines and patlent SampleS
96 hours and relative live cell count with assess by flow cytometry. Mononuclear cells Pom and had progressive disease or relapsed, whereas a responsive patient completed their regimen succesfully. RNA-sequencing data *Collectively suggesting that the major mechanisms of resistance occur downstream of these proteins or
(MNCs) from patient bone marrow biopsies were Ficoll-separated and cryopreserved pre- was processed by MMRF Research Gateway consortium using Cufflinks in R. through alternate pathways.

viously. Patients are shown by identification number. All samples were treated (Tx) with 10 *Greater heterogeneity is present in a relapsed/refractory len-treated PCL patient (HTB-1389.1) compared to a

UM IMiD (Len or Pom) for 24 (IKZF1/3) or 48 hours (IRF4/MYC) ex vivo. IMiD sensitivity MYC expression is maintained in IMiD-resistant t@?tthme?; nﬁiveFF{’/%LPrﬁientt,(HIB-:802-1|>- M oo

o . o 5 . - ) . . *Within the Len patient, a less plasma cell-like MM population is predominant, and interestingly this cor-
was classified by ex vivo Myeloma Drug SenS|£|V|ty test® on CD38"CD138™ cells FSI\/Iy DST, MM cell lines and pri mary sam ples responds to the loss of the Ikaros axis expression while maintaining MYC expression.
Sherbenou lab). Cell lines were plated at 9x10° cells/well and primaries at 25x10

*Suggesting that less PC-like MM subpopulations may emerge in IMiD-exposed patients and be responsible

cells/well. All conditions were performed in triplicate. A) o : B) : for IMiD resistance through losing dependence on PC-related transcriptional pathways like the Ikaros axis.
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Measuring lkaros pathway via intracellular flow cytometry 1.5 000 N Ongoing Work & Future Directions:
An intracellular flow cytrometry staining assay was performed on MM cell lines and patient ™ b= 1.5 = 1.5- ns ns . . .
: - : s o = - [1Mass cytometry of IMiD-resistant patients
samples for IKZF1, IKZF3, IRF4, and MYC. Samples were fixed and permeabilized with B ! . . . . . .
FoxP3 transcriotion factor kit. Patient samples were also stained for CD38. CD138 and O 1.0 :E 5 O T 10l .%o oo [1Determine necessity of Ikaros axis and PC genes in IMiD-resistant primary samples
_ _ P - P _ = E o 1.0 | [ g 1.0 "1Single-cell RNA-sequencing of IMiD-resistant primary samples
or A !lght chain (LC). lkaros axis and MYC protein levels were analyzeq in FIovyJo by geo- > S o A : "in vivo models of acquired IMiD resistance for longitudinal studies
metric mean (MFI) and normalized to untreated. P values were determined using unpaired % 0.5- 0.5- % 05-
t-test or one-way ANOVA multiple comparisons in Graphpad Prism 8. 9 0.57 S 0.57
Acknowledgments
Mass cytometry 0.0-—— . 0.0 . 0.0 . 0.0 . 0.0 .
MNCs from patient BM biopsies were thawed and cells were stained for a panel of MM Un Pom Un Pom Un Pom Un Pom Un Pom Cancer Biology Graduate Program, University of Colorado Anschutz Medical Campus
and immune cell surface markers, as well as LCs, IKZF1/3, IRF4, MYC, proliferative, and . . . L ” . . : : . We would like to thank Gwendoyn Tice for helping create the illustration for Figure 2
. : Figure 5. MYC protein is decreased in response to IMiDs in IMID-sensitive MM cell lines but not IMiD-resistant cell lines or pri- This work was supported by:
apoptotic intracellular markers. Prepared CyTOF sample were run on the Helios mass cy- mary samples. Cell lines (A) or primary samples (B) were treated with 10 uM Pom for 48hr. Relative MYC protein was determined by « NIH (K08-Sherbenou), CCTSI Junior Faculty CO-PILOT
tometer. Data was analyzed by VISNE in Cytobank and median signal intensity histograms flow cytometry and no.rmalized to untreated control. Each point represents a technical replicate. (A) Sensitive = MM.1S, OPM2. Resis- - Colorado Cancer League
were generated |n FIOWJOVQ tant = Amo-1. (B) Resistant = HTB-646.1 and HTB-634.3. e The Kessenich Donation

1. Kumar. Nat Rev Dis Primers (2017). 2. Siegel et al. CA Cancer J Clin (2020) 3. Walker, VanWyngarden et al. Blood Adv (2020) 4. Kronke et al. Science (2014) 5. Lu et al. Science (2014)



