
JBUON 2021; 26(6): 2360-2367
ISSN: 1107-0625, online ISSN: 2241-6293 • www.jbuon.com
Email: editorial_office@jbuon.com

ORIGINAL ARTICLE

Corresponding author: Razvan Popa, MD. Department of Surgery, Iuliu Hatieganu University of Medicine and Pharmacy, 34th-36th 
Republicii street, 400124, Cluj-Napoca, Romania.
Tel: +04-0753636029; Email: p.razvan@gmail.com 
Received: 13/02/2021; Accepted: 02/04/2021

 Lidocaine for ovarian cancer. Preclinical in vitro data
Razvan Popa1,2,3, Diana Cenariu1, Ancuta Jurj4, Noemi Dirzu1, Sergiu Pasca5, Tiberiu Tat3, 
Daniela Ionescu6, Alexandru Irimie2

1Medfuture Research Center for Advanced Medicine, Iuliu Hatieganu University of Medicine and Pharmacy, Cluj-Napoca, 
Romania. 2Department of Surgery, Iuliu Hatieganu University of Medicine and Pharmacy, Cluj-Napoca, Romania. 3Department 
of ICU, Ion Chiricuta Clinical Cancer Center, Cluj-Napoca, Romania. 4Research Center for Functional Genomics, Iuliu Hatieganu 
University of Medicine and Pharmacy, Cluj-Napoca, Romania. 5Department of Hematology, Iuliu Hatieganu University of 
Medicine and Pharmacy, Cluj-Napoca, Romania. 6Department of ICU, Octavian Fodor Regional Institute of Gastroenterology 
and Hepatology, Cluj-Napoca, Romania. 

Summary

Purpose: To explore the influence of long non-coding ri-
bonucleic acid (lncRNA) small nucleolar RNA host gene 1 
(SNHG1) on the proliferation and apoptosis of gastric cancer 
cells. 

Methods: Data from the TCGA ovarian cancer cohort was 
downloaded using cBioPortal. The results shown in this sec-
tion are in whole based upon data generated by the TCGA 
Research Network. The ovarian cancer cell lines used in this 
study were A2780 and A2780 cis.

Results: Only cases which had a documented sensitivity or 
resistance to platinum were selected, resulting in the inclu-
sion of 287 patients with ovarian cancer. According to previ-
ous results, we investigated the mode of action of lidocaine in 

ovarian cancer cells. The obtained data for both cell lines and 
selected concentrations suggested a slight inhibition of rela-
tive gene expression, but not statistically significant when 
compared to the control group.

Conclusions: Local anesthetics administration has proved 
to be protective against tumor invasion and cell growth in-
hibition on different cancer cell lines. Even if our results sug-
gest a higher lidocaine dose to be administered to patients, 
we also demonstrated that we could modify the biology of 
tumor cells.
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Introduction

Ovarian cancer is one of the most frequent 
types of cancer in women with high incidence and 
mortality rates [1]. It usually has a high impact on 
females right after menopause (over 50 years old), 
but sometimes it can affect younger women as 
well. Its high mortality rates are due to rapid pri-
mary dissemination within the peritoneal cavity. 
Aggressive surgery, usually pelvic exenteration is 
the most efficient procedure and treatment in such 
tumors. Nevertheless, surgery presents its own 
risks for spreading the disease intraperitoneally. 
It is known in clinical practice that right surgi-

cal technique, the resected section size with clear 
margins and careful manipulation of the tumor in 
order not to disseminate cells elsewhere are the 
primary steps in eluding a recurrence. However, 
in ovarian cancer this is not often possible as pa-
tients usually present to the clinician when the 
tumor has already enclosed the peritoneum, the 
reproductive organs, the omentum and the sig-
moid colon. Even if the tumor is localized, the mi-
crometastases might be invisible macroscopically, 
but they can already be present at the intervention 
time and by manipulating the solid tumor, a re-
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lease of tumor cells will occur, which can metasta-
size locally or through the vascular and lymphatic 
systems [2]. The circulating tumor cells, surgical 
stress, metabolic response, and subsidiary surgical 
inflammation will inhibit the cell-mediated immu-
nity [3]. As a consequence of surgical stress, proin-
flammatory cells, mainly activated macrophages, 
are present in large numbers at the site releasing 
cytokines and vascular endothelial growth factor 
(VEGF), a well-known pro-angiogenic factor, thus 
promoting neovascularization and cancer spread. 
Inflammation occurs perioperatively as a natural 
response of the body to the surgical trauma. The 
anti-inflammatory properties of local anesthetics 
will attenuate the overstimulation of the inflam-
matory pathways response through their media-
tors: interleukins, tumor necrosis factor, lipopol-
ysaccharide, by weakening leukocyte adherence 
and migration through the intercellular adhesion 
molecule-1 (ICAM-1) [4]. Lidocaine is a local an-
esthetic from the amide group, widely used in 
regional anesthesia and postoperative pain man-
agement. The abovementioned studies showed the 
anti-inflammatory effect of lidocaine by inhibiting 
the T-cell lineage, the secretion of IL-2, TNF-α and 
interferon γ. The anti-inflammatory properties of 
lidocaine were previously demonstrated by differ-
ent research teams in acute lung injury through 
NF-kappa-B signaling [5], reduced cancer cell mi-
gration mediated by VEGF [6], reduced tumori-
genicity of ovarian cancer ES-2 cells and human 
breast cancer cells in vitro and in vivo [7,8], SRC 
inhibition on metastasis was shown in a murine 
model [9], inhibition of human bladder cancer cell 
proliferation [10] and induced apoptosis of cervical 
and thyroid cancer cells [11,12].

The role of anesthetics in preventing tumor re-
currence is still assiduously investigated. Anesthe-
siologists interact with cancer patients through an-
esthesia, delivery of perioperative analgesics, and 
by treating postoperative or chronic pain. The pre-
sent research demonstrated that anesthesia tech-
niques and postoperative pain management could 
influence the patient’s oncological evolution after 
surgery. The beneficial effect of propofol, nonsteroi-
dal anti-inflammatory drugs and lidocaine were 
already proved as well as locoregional anesthesia 
techniques [13]. Lidocaine is one of the commonly 
used drugs for local anesthesia. The in vitro ex-
perimental data from the literature suggests that 
besides local anesthesia effect, postoperative nau-
sea (GVPO) reduction, less opioid consumption and 
lidocaine might have cytotoxic, antiproliferative 
and apoptotic effects on tumor cells and also the 
ability to potentiate the effect of certain cytotoxic 
drugs such cisplatin [14]. 

The purpose of the present study was to deter-
mine the in vitro sensitivity of different types of 
ovarian cancer cell lines (A2780 and A2780cis) to 
lidocaine treatment. Although local anesthetics are 
usually used in perineural injections, intraperito-
neal administration was documented in rats and in 
humans [15]. In the literature the in vitro doses of 
lidocaine used in researching the antitumor effect 
were higher than the therapeutic doses used in lo-
cal anesthesia [16]. 

In this study we wanted to see if higher doses 
are more effective or smaller doses are enough to 
eliminate residual tumor cells. Injecting lidocaine 
directly into the tumor for size reduction preopera-
tively, or peritoneal lavage after surgery may be a 
better approach to capitalize on the antitumor effects 
than only local and regional anesthesia techniques. 

Methods 

TCGA gene expression analysis

Data from the TCGA ovarian cancer cohort was 
downloaded using cBioPortal.

The results shown in this section are in whole based 
upon data generated by the TCGA Research Network: 
https://www.cancer.gov/tcga.

Cell culture 

The ovarian cancer cell lines used in this study were 
A2780 and A2780 cis (cell lines resistant to cisplatin) 
purchased from ECACC (European Collection of Authen-
ticated Cell Culture). All cells were grown in a humidi-
fied atmosphere at 37°C, supplemented with 5% CO2. 
Cell cultures were maintained in RPMI 1640 (Gibco™) 
culture medium, supplemented with 10% fetal bovine 
serum (FBS) (Gibco™), 50 U/ml penicillin and 50 μg/ml 
streptomycin (Gibco™).

Lidocaine

Dilution was performed with ultrapure water. We 
established the doses between 1-75μg/ml relaying on the 
literature, as in normal intravenous bolus and plasma 
lidocaine levels were found to be between 1.6-4.6 μg/ml 
[16], but for VEGF inhibition doses 11.5-46μg/ml con-
centrations were effective [6]. 

Cell viability assay

Cell viability was evaluated using MTT assay (Thia-
zolyl Blue Tetrazolium Bromide, Sigma-Aldrich, Ger-
many). Both cell lines, A2780 and A2780 cis respectively, 
were cultured sub-confluence before being seeded for the 
experiments. At a seeding density of 104 cells/well, cells 
were seeded in 96-well plates and after 24 h incubation 
were treated with stepwise lidocaine concentrations. The 
cytotoxic and antiproliferative activity of lidocaine on 
the cells was evaluated after 24 and 48 h using MTT 
assay. After the incubation period, treated cells were in-
cubated for 2 h with 1 mg/mL MTT solution in the dark 
at 37°C. The metabolized formazan salt was resolubilized 
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in dimethyl sulfoxide (DMSO) (Sigma-Aldrich, Germany) 
by incubation for 15 min in the dark at room tempera-
ture under gentle shaking. The absorbance at 570 nm 
was read using spectrophotometer. The results were 
expressed in optical density (OD) units and then trans-
formed in percent of viability compared to the control 
group. The experiments were performed in triplicate.

Apoptosis evaluation by fluorescence microscopy

The ovarian cancer cell lines were cultured at a seed-
ing density of 12×104 cells/well in 24-well plates for 
24 h in a CO2 incubator at 37°C, after which cells were 
exposed to lidocaine in stepwise concentrations. Forty-
eight h post-therapy, the apoptotic effects of lidocaine 
were evaluated with Olympus IX71 inverted microscope 
using the Multiparameter Apoptosis Assay Kit (Cayman 
cat no 600330, Estonia). To evaluate the different apop-

totic events the kit uses Hoechst dye to stain the nuclei, 
FITC-labeled Annexin V for the staining of the outer 
membrane of the apoptotic cells, RedDot™2 to reveal the 
plasma membrane permeability and TMRE (Tetramethyl 
rhodamine ethyl ester) for the mitochondrial membrane 
activity potential. Cells were analyzed in UV light. The 
experiments were performed in triplicate. 

Total RNA extraction and RT-PCR 

Total RNA extraction from A2780 and A2780 cis cells 
was performed using TriReagent (Invitrogen, Waltham, 
USA) according to the manufacturer’s instruction. RNA con-
centration and quality were assessed using Nanodrop-1000 
spectrophotometer (Thermo Scientific, Waltham, USA). 
500 ng of total RNA were reversed-transcribed into 
cDNA using High Capacity cDNA Reverse Transcription 
Kit (Applied Biosystems). Gene expression evaluation was 

Figure 1. Oncoprint of the overlap between sensitivity or resistance to platinum compounds and the occurring mutations.
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conducted using SYBR Select Master Mix (Applied Bio-
systems) and qRT-PCR was performed on ViiATM7 System 
(Thermo Scientific) in 10 μl volume using a 384-well mi-
croplate. GAPDH was used as internal control. Relative 
quantification was conducted using the 2 ΔΔCT method. 

Statistics 

Data were expressed as mean ± standard deviation. 
The difference between experimental conditions and 
controls was analyzed using Student’s t-test (statistically 
significance was considered at p<0.05). Image generation 
was carried out using GraphPad Prism version 6 software. 

Results

TCGA

Only cases which had a documented sensitivity 
or resistance to platinum were selected, resulting 
in the inclusion of 287 patients with ovarian can-
cer. Because of the EGFR target of lenalidomide 
documented through drugs.com, we decided to 
analyze only the MAPK pathway offered by de-
fault by cBioPortal, being represented by KRAS, 
HRAS, BRAF, RAF1, MAP3K1, MAP3K2, MAP3K3, 
MAP3K4, MAP3K5, MAP2K1, MAP2K2, MAP2K3, 
MAP2K4, MAP2K5, MAPK1, MAPK3, MAPK4, 
MAPK6, MAPK7, MAPK8, MAPK9, MAPK12, 
MAPK14, DAB2, RASSF1, RAB25 (Figure 1).

Mutual exclusivity between the mentioned 
genes revealed 2 co-occurring instances represent-
ed by MAP2K1 and MAPK9 (p=0.003) and MAP2K1 
and MAP2K5 (p=0.023). Because of the aforemen-
tioned co-occurrences, we decided to explore the 
effect of MAP2K1 expression on the other mRNA 
signatures. Due to the high frequencies and known 
importance, we included MAP2K4 and KRAS. 
Moreover, because it is an important and frequent 
gene, we decided to take a look at TP53 also. The 
oncoprint for this is represented in Figure 2.

Lidocaine activity in ovarian cancer cell lines

To determine chemosensitivity of ovarian can-
cer cell lines A2780 and A2780cis to lidocaine, cell 
lines were treated with stepwise drug concentra-

Figure 2. Oncoprint representation of TP53 mutation distribution between platinum sensitive and resistant patients 
in the cohort.

Figure 3. The antiproliferative effect of lidocaine evaluated 
at 24 (A, B) and 48 h (C, D) on A2780 and A2780 cis cell 
lines using MTT assay.
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tions: 1μg/ml, 2 μg/ml, 4 μg/ml, 6 μg/ml, 8 μg/
ml, 10 μg/ml, 25 μg/ml, 50 μg/ml, and 75 μg/ml. 
Unexposed cells were used as controls. The cell 
viability and the cytotoxicity of lidocaine were as-
sessed using MTT assay. According to the obtained 
results, the cytotoxic effects of lidocaine and cell 
viability for both ovarian cancer cell lines was es-
tablished. In Figure 3 are presented the results at 
24 and 48 h on both cell lines, A2780 and A2780cis, 
for lidocaine exposure. At 24 h, cell destruction 
was not yet activated in neither cell line. Statisti-
cally significant results were not obtained. At 48 h 
the cytotoxic effect of the lidocaine was visible at 
larger concentrations. 

Lidocaine reduces the number of viable cells and pro-
motes apoptosis in ovarian cancer cell lines

In order to evaluate the impact of lidocaine 
in the progression of ovarian cancer cells, we 
performed functional analysis on both cell lines, 
A2780 and A2780cis, respectively. Forty-eight h 
post-therapy, apoptosis was evaluated through 
fluorescence microscopy after performing stain-
ing with TMRE and Hoechst dyes. We observed 
that control cells stained with TMRE dye exhib-
ited undisrupted mitochondrial membrane poten-
tial. In this regard, cells were not affected by any 
stimulus that might alter their morphology and 

Figure 4. Assessment of apoptosis through fluorescence microscopy following exposure to 4μg/ml and 75μg/ml lido-
caine on (A) A2780 and (B) A2780cis cell lines (20x magnification). Forty-eight h post therapy, a decreased number 
of viable cells was observed compared to control cells. Also, in the treated group disrupted mitochondrial membrane 
potential, and irregular and fragmented nuclei were observed which suggests that the cells are undergoing apoptosis 
(data presented as mean ± SD; ***p=0.0005 for 4μg/ml and *p=0.0223 for 75μg/ml for A2780 cell line; data presented as 
mean ± SD; *p=0.0149 for 75μg/ml for A2780cis cell line (two-sided t-test). 
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trigger apoptosis. Meanwhile, the first concen-
tration of lidocaine, 4μg/ml, presented no sig-
nificant differences related to cellular morphol-
ogy compared to control group. In this regard, 
the observed effect was related to a decreased 
number of viable cells compared to control cells, 
which suggested that cellular growth and prolif-
eration rate was affected post-therapy. The last 
concentration used, 75μg/ml, generated changes 
in the cellular morphology compared to control 
cells. Thus, cell membrane asymmetry was af-
fected, and cell shrinkage and nuclear fragmenta-
tion triggering apoptosis was observed. Irregular 
and fragmented nuclei were highlighted through 
Hoechst staining on both cell lines. Mitochon-
drial membrane potential was disrupted and 
highlighted through TMRE staining. Meanwhile, 
we performed a statistical analysis on both ovar-
ian cancer cell lines in order to determine if cell 
death inhibition was correlated with decreased 
cell number. Lidocaine led to loss of cell viability, 
which proved a strong effect on ovarian cancer 
cell viability (Figure 4).

TP53 profiling in ovarian cancer cell lines

According to previous results, we investigated 
the mode of action of lidocaine in ovarian cancer 
cells. The obtained data for both cell lines and se-
lected concentrations suggested a slight inhibition 
of relative gene expression, but not statistically 
significant when compared to the control group 
(Figure 5).

Discussion

Our study demonstrated that 4 μg/ml lidocaine 
did not significantly affect the cellular morphology 
compared to the control group. In exchange, the 
number of viable cells after lidocaine treatment 
was lower compared to the control, thus validat-
ing a decrease in cell growth and proliferation. At 
a 75 μg/ml lidocaine concentration, the cellular 
morphology had been modified compared to the 
control. Apoptosis was triggered indicated by cell 
membrane modifications, cellular contraction and 
nuclear fragmentation. Such modifications as well 
as reorganization of the cytoskeleton, reorganiza-
tion of actin filaments, induced cytoprotective au-
tophagy detected by TEM as large vacuoles were 
observed by Izdebska et al [17]. Similar data of sup-
pressed cell viability by inhibition of proliferation 
and triggered apoptosis were obtained for cervical 
cancer cell line, human breast tumor cells, tongue 
cancer cells [18], human hepatocarcinoma HepG2 
cells [19], colorectal cancer SW480 and HCT116 
cells [20]. 

Apoptosis is characterized by nuclear DNA deg-
radation as a response to different apoptotic stimuli 
in a huge variety of cells.

The lidocaine’s cytotoxicity mechanism seems 
not to be in connection with the local anesthetic’s 
primary activity. Lidocaine directly inhibits the 
tyrosine kinase activity of EGFR receptor with 
retinoblastoma cells [21], sublingual tumor cells 
and human colorectal cancer cells. There might be 
another mechanism by which the local anesthet-
ics influence the growth of tumor cells through 
direct interaction with the tumor epigenome. 
Genome stability and normal gene expression is 
maintained by a precise DNA methylation path-
way. Tumor progression expresses itself once the 
activity of tumor suppressor genes is reduced as 
a result in methylation growth (progression). It 
was already proven that lidocaine, the most used 
local anesthetic, induces DNA demethylation and 
inhibits breast cancer development. There are some 
cytotoxic mechanisms involved in lidocaine ther-
apy, such as reduction of glycolysis and adenosine 
triphosphate levels, a rise in intracellular calcium 
concentration, mitochondrial dysfunction by mi-
tochondria depolarization and inhibition of mito-
chondrial respiration.

Figure 5. Validation of the effect of lidocaine treatment 
by qRT-PCR on TP53. Relative gene expression levels are 
shown for TP53 in treated and control group (untreated cells). 
The data were normalized to GAPDH and B2M using ΔΔCT 
method, for A2780 (A) and A2780cis (B) cell lines compar-
ing lidocaine-treated group versus control group.
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The effect of lidocaine on the TP53 protein 
was investigated as well. In our research, the two 
ovarian tumor cell lines showed a minimum but 
statistically insignificant difference in the expres-
sion of TP53.

TP53 encodes the suppressor tumor protein 
p53. At a cellular level, both for tumor and nor-
mal cells, it was proven that mutant p53 will sup-
press the majority if not all the cellular responses 
mediated by wild type p53 such as arresting the 
cell cycle, apoptosis, DNA repair and reduced cell 
motility. The absence of a functional p53 allows 
the cells to tolerate and accumulate altered DNA 
fragments, leading to genomic instability and extra 
genetic mutations [22]. As a result, TP53 mutations 
predispose to cancer initiation and development, 
surviving of tumor cells and metastasis, and can 
be associated with an inefficient response to cancer 
therapy and reduced survival in 11 cancer types 
[23]. New therapeutic strategies include restoring 
normal p53 protein activity through targeted treat-
ments [24] designed to decrease mutant P53 lev-
els at which tumor cells undergo apoptosis more 
rapidly. 

Conclusion

Local anesthetics administration has proved 
to be protective against tumor invasion and cell 
growth inhibition on different cancer cell lines. 
Even if our results suggest a higher lidocaine dose 
to be administered to patients, we also demonstrat-
ed that we can modify the biology of tumor cells.

Acknowledgements

Razvan Popa and Diana Cenariu contributed 
equally to the manuscript and are both considered 
as first authors. Razvan Popa was funded by an inter-
nal grant of the Iuliu Hatieganu University-School 
of Doctoral Studies (PCD 2018-2021). This work was 
supported by an institutional PNCDI III 2015–2020 
grant “Increasing the performance of scientific re-
search and technology transfer in translational medi-
cine through the formation of a new generation of 
young researchers”-ECHITAS, no. 29PFE/18.10. 2018. 

Conflict of interests
The authors declare no conflict of interests.

References

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, 
Jemal A. Global cancer statistics 2018: GLOBOCAN 
estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin 2018;68:394-
424. 

2. Votta-Velis EG, Piegeler T, Minshall RD et al. Region-
al anaesthesia and cancer metastases: The implica-
tion of local anaesthetics. Acta Anaesthesiol Scand 
2013;57:1211-29. 

3. Wall T, Sherwin A, Ma D, Buggy DJ. Influence of peri-
operative anaesthetic and analgesic interventions on 
oncological outcomes: a narrative review. Br J Anaesth 
2019;123:135-50. 

4. Lan W, Harmon DC, Wang JH, Shorten GD, Redmond 
PH. Activated endothelial interleukin-1β, -6, and -8 
concentrations and intercellular adhesion molecule-1 
expression are attenuated by lidocaine. Anesth Analg 
2005;100:409-12. 

5. Feng G, Liu S, Wang GL, Liu GJ. Lidocaine attenuates 
lipopolysaccharide-induced acute lung injury through 
inhibiting NF-κB activation. Pharmacology 2007;81:32-
40. 

6. Gao J, Hu H, Wang X. Clinically relevant concentrations 
of lidocaine inhibit tumor angiogenesis through sup-
pressing VEGF/VEGFR2 signaling. Cancer Chemother 
Pharmacol 2019;83:1007-15. 

7. Jiang Y, Gou H, Zhu J, Tian S, Yu L. Lidocaine inhib-
its the invasion and migration of TRPV6-expressing 

cancer cells by TRPV6 downregulation. Oncol Lett 
2016;12:1164-70. 

8. Chamaraux-Tran TN, Mathelin C, Aprahamian M et al. 
Antitumor effects of lidocaine on human breast cancer 
cells: An in vitro and in vivo experimental trial. Anti-
cancer Res 2018;38:95-105. 

9. Wall TP, Crowley PD, Sherwin A, Foley AG, Buggy DJ. 
Effects of lidocaine and src inhibition on metastasis 
in a murine model of breast cancer surgery. Cancers 
(Basel) 2019;11:10. 

10. Yang X, Zhao L, Li M et al. Lidocaine enhances the 
effects of chemotherapeutic drugs against bladder can-
cer. Sci Rep 2018;8:1. 

11. Zhu J, Han S. Lidocaine inhibits cervical cancer cell 
proliferation and induces cell apoptosis by modulat-
ing the lncRNA-MEG3/miR-421/BTG1 pathway. Am J 
Transl Res 2019;11:5404-16. 

12. Chang YC, Hsu YC, Liu CL, Huang SY, Hu MC, Cheng SP. 
Local anesthetics induce apoptosis in human thyroid 
cancer cells through the mitogen-activated protein ki-
nase pathway. PLoS One 2014;9:2. 

13. Chang YC, Liu CL, Chen MJ et al. Local anesthetics 
induce apoptosis in human breast tumor cells. Anesth 
Analg 2014;118:116-24. 

14. Li K, Yang J, Han X. Lidocaine sensitizes the cytotoxic-
ity of cisplatin in breast cancer cells via up-regulation 
of RARβ2 and RASSF1A demethylation. Int J Mol Sci 
2014;15:23519-36. 



Lidocaine in ovarian cancer 2367

JBUON 2021; 26(6): 2367

15. Kahokehr A, Sammour T, Shoshtari KZ, Taylor M, Hill 
AG. Intraperitoneal local anesthetic improves recov-
ery after colon resection: A double-blinded randomized 
controlled trial. Ann Surg 2011;254:28-38. 

16. Kaba A, Laurent SR, Detroz BJ et al. Intravenous li-
docaine infusion facilitates acute rehabilitation after 
laparoscopic colectomy. Anesthesiology 2007;106:11-8. 

17. Izdebska M, Hałas-Wiśniewska M, Zielińska W, 
Klimaszewska-Wiśniewska A, Grzanka D, Gagat M. Li-
docaine induces protective autophagy in rat C6 glioma 
cell line. Int J Oncol 2019;54:1099-111. 

18. Sakaguchi M, Kuroda Y, Hirose M. The antiproliferative 
effect of lidocaine on human tongue cancer cells with 
inhibition of the activity of epidermal growth factor 
receptor. Anesth Analg 2006;102:1103-7. 

19. Jurj A, Tomuleasa C, Tat TT, Berindan-Neagoe I, Vesa 
S V, Ionescu DC. Antiproliferative and apoptotic effects 
of lidocaine on human hepatocarcinoma cells. A pre-
liminary study. J Gastrointest Liver Dis 2017;26:45-50. 

20. Qu X, Yang L, Shi Q, Wang X, Wang D, Wu G. Li-
docaine inhibits proliferation and induces apoptosis 
in colorectal cancer cells by upregulating mir-520a-
3p and targeting EGFR. Pathol Res Pract 2018;214:         
1974-9. 

21. Xia W, Wang L, Yu D, Mu X, Zhou X. Lidocaine inhibits 
the progression of retinoblastoma in vitro and in vivo 
by modulating the miR-520a-3p/EGFR axis. Mol Med 
Rep 2019;20:1333-42. 

22. Samsonraj RM, Rai B, Sathiyanathan P et al. Establish-
ing criteria for human mesenchymal stem cell potency. 
Stem Cells 2015;33:1878-91. 

23. Donehower LA, Soussi T, Korkut A et al. Erratum: Inte-
grated Analysis of TP53 Gene and Pathway Alterations 
in The Cancer Genome Atlas. (Cell Rep 2019;28:1370-
84.e5), (S221112471930885X). 

24. Muller PAJ, Vousden KH. Mutant p53 in cancer: New 
functions and therapeutic opportunities. Cancer Cell 
2014;25:304-17. 


