Patient-specific longitudinal assessment of myeloma therapy
by detection of intermolecular p-sheet-structure formation
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Multiple myeloma therapy efficacy is conventionally assessed by whole cell-population mechanistic action of proteasome inhibition in synergy with label-free protein-structure
methods such as Fluorescence-Activated Cell Sorting and Western Blot assays or serum specificity of mid-infrared optoacoustic microscopy, facilitates longitudinal evaluation of
analysis and flow cytometry of bone marrow aspirates and biopsies. However, these myeloma treatment exploring patients’ heterogeneous response. Specifically, we use
methods require a large number of cells, which results in limited applicability for intermolecular B-sheet formation as an endogenous biomarker for cell viability during
longitudinal evaluation of patient-specific therapeutic response. Label-free monitoring of proteasome inhibition therapy. Aiming to promote personalized medicine in myeloma
treatment at single-cell levels would avoid the need of using large patient cell populations therapy, detection of intermolecular B-sheet structure was applied to assess drug-treatment
for longitudinal evaluation. Here, we present a unique technology that exploiting the performance in myeloma patients.

Mid-infrared Optoacoustic Microscopy Label-free monitoring of myeloma cells therapy
Mid-infrared Optoacoustic Microscopy (MiROM) combines the high spectral specificity MIiROM can detect misfolded proteins, rich in intermolecular B-sheet structures at
of mid-infrared excitation with the positive contrast nature of optoacoustic SenSing. 1620 Cm"l, and can use this absorptign band as intrinsic marker to assess myeloma

: e drug therapy.
Chemical specificity ) 9 Py b) )
o Vs R L —— LEN/BTZ Treated cells 65 mV Diff. spectra LEN+BTZ troatmont , ___NMF Components
‘ F g / S 0.2} —Untreated cells 11:320 ' —gnmp ; 1545
: . ) d — =2 5Ft—Com
200 nm 400 nm 700 nm 2500 nm Lipid Protein Nucleic acid  Carbohydrate 12000 nm X3 ' — S, g.15) ~ 1reated cells N L cﬂmﬁ_ 3
_ : + ' r 5, 2f_c 4 1618
2 4l | . % ~ O~ c 01} 1 = omp. l
ﬁ(' : -*-_,:‘ "8 ' . $00, \ ‘:‘ | % E 1.5 —Comp. 5 ]
Preamplifier M ) e @ o - 2 0.05} - % j 4
US transducer ( ‘ 2@ ' 008 o8 g " < 4
Gas mix TUEQARS X g < 005l | Qos
. - T 0 Vs O
incubator _ _ _ 0700 1680 1660 1640 1620 1600 1700 1680 1660 1640 1620 1600
coll med b) Stretching Scissoring Wavenumber [cm™] Wavenumber [cm™]
ell medium IR dish f\ r\ d) Component 2 e) -;:-zﬂl Treated cells .. ..
— Objective Q\ /. \ ) 7, | B reeacn 2 smms o e
E-. 0.2 Untreated cells c s o d v + Time 96h
N, chamber == \ , | @ %10- t{;} .fm.:.:*.r.: '&'\‘ Medium
* c o T e '._g;_ *
c) Gold mirror 7 S 7 N E“-‘- E 0 "E'_-i_g:--"'-' R
Qc ° “ ‘ N W, I ’;.::‘-:\
o ) O mmm o ERIl
Protel d truct 3 = RN
. . . . rotein seconaary structure = z

Figure 2. Method. a) Light absorption spectral range. Mid- g 20—

infrared (Mid-IR) spectroscopy is specific for biomolecular detection as ha"m ark Of time [h] ¢  Firstt-SNE component [a.u.]

detection. b) Specific molecular vibrations induced by mid-

IR excitation. ¢) Schematic representation for MiROM. QCL.: i

Quantum Cascade Laser. US: Ultrasound. IR: InfraRed. ) myelOma therapy eﬁlcacy Figure 3. Monitoring protein misfolding

Figure 1. Introduction. in myeloma cells. a) LEN/BTZ treated
MR (CATIONOF Einsrn Cans) a) Abnormal plasma cells caused multiple myeloma cells. b) Differential spectra of
. myeloma.* b) LEN/BTZ therapy generates LEN/BTZ treated myeloma cells (red line)
Assessment to therapy Bone pain accumulation of misfolded proteins in mye|oma and untreated cells (blue Iine). The band at
- - - - 1620 cm' is assigned to intermolecular B-
Abnorasl plasing _cells. c) Misfolded proteins are rlch of | | _
response In LEN/BTZ cells accumulatein  intermolecular B-sheet structures detectable in the sheet assigned to misfolded proteins. c)
o . bone marrow i id-i Non-negative Matrix Factorization (NMF)
amide | mid-infrared spectra. g
SenSItlve and reS|Stant Armide | components extracted from spectral data in
- (b). d) Violin plots showing the time
mye|0ma patlents A - evolution coefficients of NMF component 2.
Lymphocyte ) e) t-Distributed Stochastic Neighbor

MiROM assesses myeloma therapy _ | (i o e Embedding (t--SNE) map representing the

response at Single_ce"s Ievel In patlents .d|Str|bUt|On Of the 5 Components |dent|f|ed

samples f 3\ psHEET in LEN/BTZ treated and untreated myeloma
' _A Plasma cells c) — . cells. f) Differential spectra of BTZ treated
/ 1700 1680 1660 1640 1620 1600 .

a)  LEN/BZT treated cells 54 mV | Wavenumber [cm] myeloma cells (red) show the intermolecular
= Misfolded protein B-sheet band at 1620 cm. g) Differential
H ) Myeloma cells accumulzti on spectra of LEN treated myeloma cells (red)
0 26S proteasome show the intermolecular B-sheet band. i)
= / _/ o~ BN Differential spectra of doxorubicin (DOX)
@ cen] F [orz ~ Misfolded treated myeloma cells (red) do not show
N ~ protein the intermolecular B-sheet band. Untreated
N .

E [ orz | cells in blue.
i -~ "’ Protein BTZ treated cells 148 mV Diff. spectra BTZ treatment

b) Sensitive patient C) NMF Components degradation l e B nz.—u.;ni::ateci cells -

— Untr ' | ' - Apoptosis O 5 "7 _

5 ﬂ.1-__li_1::arte:::eﬁ:||5 1620 — 2} gzﬁz; 1642 , pPop ; ®, 45} ~Treated cells 1620
© 3 Q m
— < . _|—Comp.3 s £ 01
S 0.05 =1-5[—comp. 4 2 o
[=) © ® 9 0.05} -
T > 1 BRZ - <
< 0 (7 h g Dw
o < o5l S o
= 00-5 0 E-ﬂ.ﬂﬁ‘ .
?é-u.us- < . 3 © 01 . . . .

. . . . . : . . - o , - - 1700 1680 1660 1640 1620 1600

1700 1680 1660 1640 1620 1600 1700 1680 1660 1640 1620 1600 Flgure 4. Monltorlng_ Pmtem m'quldmg 44 mV Wavenumber [cm™"]

W 1 1 in LEN/BTZ sensitive or resistant

avenumber [cm '] Wavenumber [cm ] . _ .

d) e).—. f) Sensitive patients response pahents_ a) LEN/BTZ treated mye|oma LEN treated cells 135 mV Diff. EPEGtI"E LEN tl'EEtlTIEI‘It

Component 4 5 Treated cells - : T = 0.2} —Untreated cell "
_9 m Treated cells 35 — 100, 0=0.004 cells biopsied from LEN/BTZ sensitive 9 3 —-r.l ::;ﬂe:: s
3 | M Untreated cells = o ity patient. b) Differential spectra of LEN/BTZ o & 0.15] 1620
5, © V4 N 5,. F @ 80- ] Q r-

8 S . [ b -" ., < @ treated (red) and untreated (blue) patient 5 g O ;
3™ S0l oV A ) 2 % myeloma cells in (a). The band at 1620 ® B o5} .
& 8101\, .,.J:""‘. . 7 D 40 4 f isfol LEN O ¢
@ W £, o cm™' indicate presence of misfolded 2 O o
o & &1’ s tTmeOh o 0. proteins. c) NMF components extracted ~ S =
0.0 & z. .l; P Time 48h o = -0.05} <
= g N S T 72t . from spectral data in (b). d) Violin plots A

o 4 | 72 3 25 , : ‘ showing the time evolution of NMF 1700 1680 1660 1640 1620 1600
: & L NE ° 10 Treated  Untreated - 47 mV A
time [h] First t-SNE component [a.u.] component 4. e) t-SNE map representing Wavenumber [cm™']

d) LEN/BTZ treated cells 65 mv N) Resistant patlent )  Resistant patients response  the distribution of the 5 NMF components. DOX treated cells 131 mV Diff. spectra DOX treatment
g o _ 02— 100, f) Percentage response (%) of LEN/BTZ " ‘ T 0.2 —Untreated cells -
= > 3 oaspTireatedcells * p=0.500 sensitive patients’ cells analyzed from 10 S, 0.5} ~ Treated cells
- Q 3 o4 s independent patients. g) LEN/BTZ treated T 4
£ 2 5 S 60 myeloma cells biopsied from LEN/BTZ =
= 8 " Q. ] ] : . DOXO 0.05 1
o - @ 40. resistant patient. h) Differential spectra of g o -

N g Z W £ . LEN/BTZ treated (red) and untreated (blue) g z
0 g B0 | : N patient myeloma cells in (g). i) Percentage £ -0.05]
& : o) =— —— f LEN/BTZ resi ients’ L T P YRS
- 011?uu 1530 1E'Et] 16411 152{: 1600 r v response o resistant patlents 1700 1680 1660 1640 1620 1600
22 mV Wavenumber [cm™'] Treated Untreated cells. Wavenumber [cm™']
Key publicati Funding - Acknowled t B[l (@ @Munichimaging
ey publications unding - Acknowledgments
* Hideshima T. et al, Molecular Cancer Therapeutics, 2011 ERC under the European Union’s Horizon 2020 and innovation program DFG m
Pleitez M.A., ... Gasparin F. et al. (2020), Nat. Biotechnol., 38, 293-296. (grant No 694968-PREMSOT).

Gaspa .o, 2024 B e Tt 066 40 came femsh pet MUOLTZ MUNICH




