g Technion
: Israel Institute of

Technology

Tracing Individual Cancer Cells in Blood with Artificially

Intelligent Nanoarray
Reef Einoch Amor, Yoav Y. Broza and Hossam Haick

Department of Chemical Engineering and Russell Berrie Nanotechnology Institute, Technion-II'T; Israel

Introduction Study Design

There is increasing effort being put into finding and producing new technologies that PTr:,mmi? Blood Blood Sample
will allow personalized and evidence-based medicine, including early diagnosis and Flow

accessible follow-up tools. A promising approach is the detection and monitoring of l A

Individual Cancer Cells (ICCs). However, currently available methods suffer from low | | IQN?;’.-;éfﬂ

sensitivity, complicated technical procedures, low cost-effectiveness and are not A\ | @rn NP

suitable for continuous monitoring.

Here we show that artificially intelligent nanoarray that is based on heterogenous set of
chemisensitive nanostructured films could serve as a diagnostic tool for the detection of
ICCs via Volatile Organic Compounds (VOCs) emanated to the air trapped above blood
samples. The potential ability to continuously record, store and pre-process these
signals suggest this nanotechnology can be used for early detection of the cancer and
continuous monitoring of disease progression.
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Figure 1. lllustration of the experimental approach to the hypothesis. A.
Results Primary tumor formation or cell dissemination in the metastatic process
leads to B. SCCs are releases into the blood stream and therefore to C. a
change in the blood VOCs pattern. D. Exposure of the headspace to the
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5 | T sensors-array in combination with machine-learning methods can provide
i ) i high accuracy data on the subject’s health. Chemiresistors are based on
—= organically stabilized spherical gold nanoparticles (core diameter 3-4 nm), 2D
3 R o InE S random networks of single-walled carbon nanotubes (RN-SWCNTs) capped
i “ with different organic layers, and polymeric composites. Complementary GC-
_Fscr - MS analysis of blood headspace samples strengthens the sensor’s results,
Z oo and helps improve sensor sensitivity to different health states.
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SCCAH 100,000 T GoeA 100,000 SCC*# 100,000 We have shown that an interaction between SCC*>*°-specific VOCs in the blood
sce See >e samples and a miniaturized artificially intelligent nanoarray of cross-reactive,
highly sensitive nanomaterial-based chemical sensors can serve as a
A 3 * diagnostics tool. We were able to detect SCC*>%? in blood samples with >90%
\ \ accuracy, >85% sensitivity and >95% specificity with a 2 features-based DFA
Figure 5. A. Statistically ST 0 : .
A _ 0.3 model. Discrimination accuracy reached 100% when comparing between naive
significant 2—ethy|—1-hexan9| n blood samples and 100,000 SCC*>*? and were high in comparing blood samples
the headspace of medium, __-324' 3 02 spiked with SCCA>%9 and with 100,000 SCCA>%°, indicating a potential amount
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Statistically S|gn|f|Fant 2- ¢ 81' S between the SCC and the blood gave an indirect indication of the existence of
-)- c 7 c J . . .
mgthyl 2.propanol in blood s ) 50'05 SCCA>% in the blood, even before actual SCCA>%? capturing. GC-MS displayed a
c
splke.d with A543 lung cancer 3 1%: unique pattern of VOCs, depending on the presence and number of SCCA>%° .
cell lines, detected by the GC- < 4- The ability to record, store and pre-process the signals by integrated miniature
MS.*p<0.05. NOTE: a.u. stands 0

000 — B ood  Blood*  Blood * on-chip electronics, and to transfer them via the internet to an external server

SCC** 100,000 SCCAS that holds previous measurements and other clinical data of the same patient
could increase the chances that this nanotechnology can be used for
continuous monitoring of cancer progression.
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