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Introduction: Despite advances in treatment of cancer, there is an unmet need for new intervention strategies with a refined 
pharmaco-toxicological profile. Cold atmospheric plasma (CAP), a ionized gas generated by exposing a gas to an electric 
field at biocompatible temperatures, has gained interest as potential anticancer strategy. Several lines of evidence suggest 
the increase in oxidative and nitrosative stress induced by CAP as the main responsible for its biological effects. With the aim 
to expand the applicability of CAP in the oncological field, we characterized CAP cellular, molecular, and genetic impact on 
leukemia cells. Moreover, we studied the selectivity of CAP for tumour cells through the analysis of its cytotoxic effects on 
T-lymphocytes from healthy donors, as the non-transformed counterpart of leukemic cells. Moreover, to preliminary predict the 
clinical potential of CAP, we tested its cytotoxic effects in hypoxic conditions, a model of chemoresistance.

Methods: CAP treatment was performed by means of a microsecond pulsed DBD jet source, driven by micropulsed generator 
producing high voltage pulses with a tungsten wire used as electrode and positioned on the axis of a borosilicate glass capillary. 
Helium was used to generate CAP. All the experiments were done exposing cells to plasma activated medium (PAM). Cell 
treatments were performed under different operating conditions, such as voltage (10 or 15Kv) and time of medium exposure 
(120 or 180 s) to generate PAM. Cell were exposed to PAM for different times (1or 3h) with a recovery time of 5-48h. Leukemic 
cells were additionally cultivated in a hypoxia workstation, at O2concentration up to 1%. The pro-apoptotic, cytostatic and 
genotoxic effects induced by PAM were assessed using flow cytometry. Detection of reactive oxygen and nitrogen species 
(RONS) in PAM was performed spectrophotometrically with a microplate reader.

Results: On Jurkat cells, PAM induced apoptosis through the activation of the intrinsic pathway and inhibited cell-cycle 
progression. Moreover, we demonstrated that the alteration of the redox state of cells deeply influence the cytotoxic activity of 
PAM. In fact, treatment of cells with the scavengers N-acetylcysteine or O-phenantroline led to a significant decrease in PAM 
pro-apoptotic activity. Considering that the increase in RONS levels could cause DNA damage, the genetic impact of PAM was 
assessed on TK6lymphoblastoid cells, resulting in a significant increase in micronuclei frequency. Although in a lesser extent 
compared to normoxia, PAM showed cytotoxic effects on leukemia cells cultivated in hypoxia, which plays a critical role in 
promoting chemoresistance. To better understand the different cytotoxic activity, we characterized PAM reactive species both 
in normoxia and hypoxia, recording lower peroxides and higher nitrites in the hypoxic condition. To explore CAP selectivity for 
tumour cells, PAM was tested on normal lymphocytes. On this model, we recorded a lower cytotoxic effect than that observed 
in Jurkat cells.

Discussion and conclusion: Taken together, our results provide a deeper understanding on the cellular and molecular impact 
of PAM in leukemia models, highlighting its partial selectivity towards malignant cells and its cytotoxic activity in a model 
of chemoresistance, such as cell cultured in hypoxia. Based on these findings, a synergistic effect of CAP with well-known 
modulators of RONS signalling and traditional chemotherapy can be supposed. These associations could decrease the time 
of CAP exposure necessary to induce optimal anticancer effects, potentially improving its toxicological profile and increasing 
its efficacy.
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