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Purpose: To investigate a novel energy transfer pathway from 6 MV therapeuticX-rays to Quantumdots (QDs), which further
activates Photofrin to produce reactive singlet oxygen species by a processknown as Foster ResonanceEnergy Transfer,and
subsequently enhances cell kil l.
Methods andMaterials: The photonemission efficiency of QDs uponexcitation by 6 MV X-rayswasmeasured asa function of the
doserate from 100 cGy/min to 600 cGy/min. A conjugatewas synthesized basedon the conjugationof Photofrin and QDs. The
quenchingof thephoton emissionwas measuredwith the conjugate. Theenergytransferred to thephotofrin wascalculated basedon
the principle of Foster Resonance Energy Transfer (FRET) that the energy transfer efficiency is proportional to the degreeof
quenching.Thecell kil l enhancement with theconjugateswasstudiedusing A549 humanlung carcinomacells andanoptical density
basedassay. Thecellular distributionof theconjugateswas imagedby a confocalmicroscope.
Results: QDs were foundto beexcited by the 6 MV radiation and thenumberof visible photonsgeneratedfrom QD dependedlinearly
on the radiation doserate. The FRET efficiency increasesas the number of Photofrin moleculesconjugated to the quantum dots
increases. Theconjugateresultedin a statistical significant34%increasedcell kill at 24 pmol/ml conjugateconcentration comparedto
radiation alone with minimal toxicity in non-irradiated controls. Fluorescencemicroscopy revealed that the conjugateswere
distributedwithin thecytoplasm.
Conclusions:This conjugate showsdistinct propertiesasa novelmediafor generating singlet oxygenandenhancedtumor cell killi ng,
which is achievedsynergistically with radiation througha physical andlinearinteraction betweenQDs andX-ray; theconjugateitself
showsminimal dark toxicity at nM concentration, thus can be readily targeted by conformal radiotherapywith high geometrical
specificity.


