Can Tumor Cells be Distinguished from Blood Cells by M echanical Parameters?
A Label*ree CTC Detection Approach
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Table 1. Clinicopathological characteristics Patients were

included after agreeing and =igning a written infbrm ed consent.
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Figure 3. Relative deformation curves of blood cells and MDA-MB
231. A) PBMC from a healthy donor (blue line) and from a patient
with breast cancer (green line) exhibited the same deformation
behavior at 1200 mW stretching power. Relative deformations of the
two samples were not distinguishable. B) We analyzed the relative
deformation of PBMC samples (n=2098 cells, light blue line,
separate measurement). We then measured the relative deformation
of breast cancer cells from the highly invasive breast cancer cell line
MDA-MB 231 (brown line separate measurement). The deformation
patterns of both cell types were significantly different (p < 0.001) at
875 mW. Further, PBMC samples were mixed with GFP-expressing
MDA-MB 231 cells to mimic a clinical blood sample containing
CTCs. In total 957 single cell experiments of MDA-MB 231 and
1517 single cell experiments of PBMC were performed. The
fluorescence signal of the transfected MDA-MB 231 cells served as a
definite identifier between the two intermixed cell populations and
was used as an internal control upfront data analysis. The relative
deformation curves of MDA-MB 231 cells (red line, spiked sample)
and PBMC (green line, spiked sample) were significantly different (p
< 0.001). In comparison to MDA-MB 231 cells, PBMC were much
softer and showed a twofold elevated relative deformation (Median
relative deformation MDA-MB 231 = 0.012, Median relative
deformation PBMC = 0.0245).

Figure 4. Relative and elliptic deformation curves of blood cells compared
to non-hematopoietic CTC candidates from mamma and vulvar carcinoma
patients. In total, we analyzed 1265 PBMC (green line) respective 1070
and 197 non-hematopoietic cells derived from 4 patients with breast
cancer (red line) and one vulvar carcinoma patient (blue line).
Measurements were carried out using three different laser powers P1 =
400 mW, P2 = 800 mW and P3 = 1200 mW, resulting in three different
step stresses. A)-C) show the pooled relative deformation curves of
possible CTC candidates from mamma and vulvar carcinoma compared to
PBMC at each laser power. The deformation behavior of the three cell
populations appeared to be similar, and only at P = 1200 mW the relative
deformation curves differed significantly at the end of the stretching phase
(p = 0.001). D)-F) show the elliptic deformation of all three cell
populations at each laser power. The ellipticity of CTC candidates and
PBMC differed significantly at each laser power indicating that in PBMC the
elliptic deformation was increased by the factor 2 (p(P = 400 mW) = 0.01,
p(P = 800 mW) < 0.001, p(P = 1200 mW) < 0.001). G) Elliptic
deformation of CTC candidates derived from patients with mamma and
vulvar carcinoma was significantly lower at all laser powers compared to

PBMC.

Figure 5. Shape Restoration of cells in the optical stretcher. After being
exposed to the laser-induced step stress, cells were tending to restore their
original shape. An adequate shape restoration parameter was the
difference between the elongation at the end of the step stress and the
elongation at 1.5 s after the step stress. At all laser powers, PBMC showed
significantly lower shape restoration compared to CTC candidates from
mamma carcinoma (p < 0.001). Compared to CTCs from vulvar
carcinoma, PBMC shape restoration was significantly lower only 400 and
800 mW (p < 0.05), but not at 1200 mW. Shape restoration of CTC

candidates from mamma and vulvar carcinomas was similar.

PBMC. Cells were tested in step stress experiments at various laser
powers, and physiological parameters as well as cellular
deformation were recorded. Kelvin Voigt modeling was applied to
the data to derive a number of active and passive rheological
parameters. The prediction power slightly increased from 400 mW
over 800 mW to 1200 mW. When data from all three laser powers
were pooled before applying the RF algorithm, accuracy was 0.71,
sensitivity and specificity were 0.69, respectively. Interestingly, when
shape restoration/relaxation was included accuracy, sensitivity and
specificity increased to 0.74 and 0.73, respectively.

SUMMARY & CONCLUSIONS

« MDA-MB 231 cells could be clearly distinguished from PBMC based on their mechanical

paramaters obtained from OS measurements

* Analysis of clinical samples revealed that in PBMC the elliptic deformation was

significantly increased compared to CTCs.

« CTCs showed significantly higher shape restoration compared to PBMC.

cell area and cell radius only, and then progressively added the
mechanical  features  relative  deformation,  elliptical
deformation, and shape restoration. The prediction results were
computed for the laser power of 1200 mW and revealed
superior accuracy, sensitivity and specificity when mechanical
parameters were included.

* Based on Kelvin-Voigt modeling, the RF algorithm revealed that the OS

discriminated CTCs from PBMC with an accuracy of 0.74, a sensitivity and

specificity of 0.73, respectively.

> CTCs exhibit mechanical features that favor their escape from the vascular

system. Together with cell morphology the mechanical deformation pattern
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might be an appropriate tool for marker-free CTC detection.

UNIVERSITAT LEIPZIG QBRUSTZENTRUM DKG:

Zertifiziertes
Gynakologisches Krebszentrum

KREBSCESELLSCHAFT



