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Label-free detection of small molecules in clinical samples.
Aptamers take the lead
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The Context

Therapeutic Drug Monitoring (TDM): the
determination of circulating drugs' and
correction of the dosage if the concentration is
outside the therapeutic range.

Costs: TDM implies costly equipment (e.g. mass
spectrometers) and specialistic expertise

Restricted availability: only facilities possessing the
adequate instrumentation (non Point Of Care - POC)

Limited availability of detection platforms for small
molecules' TDM

Approach - Questions - Goals

Employ cheaper and easier methods to Limited application: only a fraction of

detect small molecules in complex ’ treatments that would benefit from it currently
matrices (e.g blood/serum) NS~  undergo TDM

Optical-based and label-free

nucleic acid 4 translatabl o nortable device How comparable to standard of Characterize pitfalls and potentials of
based* for smart POé/‘s elf monitoring?2 clinical practice? How — aptamer based detection of small
performing? molecules in complex matrices through
optical strategies
Develop novel DNA aptamers for small SELEX strategy to obtain a beacon DNA aptamer binding
molecule biosensing ===%> Imatinib, an anticancer drug requiring TDM

1. Label-free SPR & beacon aptamers assessment of | | 2. Towards a beacon DNA

clinical tobramycin concentrations in patients' sera aptamer for Imatinib (Gleevec)

5 3 , ,
We developed an interative
Tobramvein® patient serum ‘ procedure to produce DNA beacon |
lobramycin- p i 14 - T Means 15D aptamers against, potentially, any
_ | can = small molecule of choice (Spiga et al. |
r"_, _ 12 + . Mean [Value] SPR_Aptamer (n22) Elute with adequate buffer 1hr at 4C 20RPM 2075).
4 dsDNA to ssDNA Recover eluates and purify
10 4 A-exonuc lease digestion PCR amplification of eluates (~70%) ;
| 100% PCR from previous cycle \ We validated it by generating an
| Control (blank) samples | 84 T8 I aptamer binding tobramycin, an
= T ssDNA purification 150 volumes (~5oml) — 1 ml step-washing anthIOtIC COmmonly UndergOIng
2 6 = 6.2C (ChargeSwitch kit) Finalstep:'l_5—2o' at 4C- 20 RPM wheel th . . .
- B T DNA] cuanification ok Naro drop Resuspend in BB1X erapeutic drug monitoring. |
o . i {routinely, ~15 ng/ul
-E T | \ ssDNA-loading estimates HyC
8 2 | % i ssDNA-biotin Orlgo complexing Recover supernatant from 3 aliquots D\
c ss:DI"IdA quantit?': ~24 Hg Load UV cuvette with 1 -ml
8 _ N —n_ - [leii’i[;ne\,;ilai:;cfgc;h%c:omtj;cglml Blank onto BW2X + elution buffer HN NH
i i 0 - = ; @ 0. ~300 g ssDNA + ~600 ng biotin-oligo / )\ o /CH3
Preparatlgn Df tDbram cin 1 f ssDNA-oligo loading on beads NZ" |N O
- - . . -2 4 \2 ul of streptavidin M28o beads N
Reduction of complexity t calibration curve _ l[f;iﬂnsoai?ﬁﬁ{ﬂ X N
(1:10 dilution in buffer and oH 4 - N
low MW filtering) LN I ' . .
< B O r--'i.ﬂ--jx 6 ; ; ; ; ; . . ; . ! O We applied the SELEX protocol to obtain an aptamer
- MH- Original library (full diversit . . . . .
a "ﬁ",i};_;‘;;jg;ahh ' ’ ! 1 binding Imatinib, a molecule undergoing TDM and a
patient mg/L uM Avg (uM) StDev ') candidate for systematic TDM approach?.
-0.92 1.04 4543% | 501.9% 71 We test its affinity for the molecule using SPR
0.33 0.46 148.1% 6.0%
0.57 0.50 151.9% 72.9% Cycle 1-5 Reference cell Experimental cell Reference cell | Experimental cell
. . - _0.38 na. na. 212 6% (aspecific binding) ! (Imatinib-specific binding)
[Tobramycin] in clinical serum samples 0.96 0.36 71.4% 88.9% | ‘A
ﬂ from tobramycin-treated patients = 082 139.0% glzfj %& %\; ‘
. n.a. n.a. T% : 3
undergoes LC-MS quantification at the 143 103 98 5% e 2% 05 . /4
CH UV 2.13 n.a. n.a. 30.6% £ £
' 2.80 0.75 37.0% 38.0% /j\ /\
(1 The same samples are processed to 0.02 n.a. n.a. 99.2%
WY reduce their complexity and analyzed at R T ey E
the SPR taking advantage of a custom 1.88 n.a. n.a. 54.0% After A 10-step selection we appreciate the biding of
. .o b 6% cle 6. I
tobramycin-specific DNA beacon aptamer 251,2 133 ;1’;51,3 ié Zz Cycle 6.0 selected DNA aptamer pools against the target small
' ' — = molecule
8.07 1.26 15.4% 1.6%
Average 0.86 68.7% 50.4%
Average above 1pM - 4.7mg/L 1.05 35.0% r 33.2% 700 —100 pM
600 25 uM
250 uM
. . . . . . 500 100 uM
The calibration curve method allows to obtain concentration values reflecting the ones obtained through LC-MS... i
400 =500 pM
) —10 M
. . . . (0 uM
...With an accuracy that reaches 33.2% when dealing with concentrations Zone 2 "

above 1uM and a precision of 35% in the same concentration range, all that in a simple label-free SPR “Increased” Imatinib stringency i§
. . Metabolite counterwashing
CO nflgu ratl O n ’ 1 f 51 101 151 201 251 301 351 401

Bibliography:

1. F. M. Spiga, P. Maietta, and C. Guiducci, “More DNA-Aptamers for Small Drugs: A Capture-SELEX Coupled with Surface Plasmon Resonance and High-Throughput Sequencing,” ACS Comb. Sci., Apr. 2015.

2. G. Cappi, F. M. Spiga, Y. Moncada, A. Ferretti, M. Beyeler, M. Bianchessi, L. Decosterd, T. Buclin, and C. Guiducci, “Label-Free Detection of Tobramycin in Serum by Transmission-Localized Surface Plasmon Resonance,” Anal. Chem., Mar. 2015.
3. Heinz-Josef KlUumpen, Caroline F. Samer, Ron H.J. Mathijssen, Jan H.M. Schellens, Howard Gurney, Moving towards dose individualization of tyrosine kinase inhibitors, Cancer Treatment Reviews, Volume 37, Issue 4, June 2011, Pages 251-260



