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Abstract Molecular pathways linking inflammation and

cancer have been demonstrated. Local anaesthetics have

been shown to possess anti-inflammatory effects. Recent

retrospective studies have shown that the application of

regional anaesthesia is associated with a reduced risk of

metastasis and improved long-term outcomes. The bene-

ficial effect of regional anaesthesia has been attributed to the

reduction of the postoperative stress response. Biomolecular

actions like reduction of Src activation and ICAM-1

expression can explain some of these benefits observed in

cancer surgery with local or regional anaesthesia techniques.
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Introduction

Recently, there has been a revival in the usage of local

anaesthetic agents, which have traditionally been

acknowledged for use in pain treatment and cardiac

arrhythmias via their property to block the sodium channel.

Research has shown that local anaesthetics can interfere

with other receptors, leading to new indications, based

predominantly on their anti-inflammatory properties. Can-

cer initiation, development and extension are also most

often linked to an inflammatory surrounding. This

link between inflammation and cancer has led to the

investigation of local anaesthetics for their suitability to

improve cancer outcomes. This hypothesis has been sup-

ported by some retrospective studies showing prolonged

recurrence-free time in patients receiving regional anaes-

thesia after breast or prostate cancer [1, 2].However,

in these studies mechanism either direct or indirect

involved in these beneficial effects remained unclear and

speculative.

Link Between Inflammation and Cancer

Tumour development, including promotion, malignant

conversion, invasion and metastases, is all linked with

inflammatory responses at different stages [3]. Inflamma-

tion also interferes with the immune system and responses

to therapy [4].

Surgery provides a suitable environment to promote the

development of cancer, since a strong inflammatory

response is present and the immune system is impaired [5].

In fact, it has been shown [6] that an exaggerated perio-

perative response will exhaust the immune system resulting

in multiple organ failure and patient death.

Cancer surgery is associated with inadvertent seeding of

tumour cells during the procedure. Reactivation of minimal

residual disease and/or pre-existing micro-metastatic dis-

ease by perioperative inflammatory responses may lead

to cancer recurrence and reduced long-term survival.
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Although there is no clear evidence that circulating tumour

cells are associated with distant metastases, experimental

studies have shown that such a mechanism can occur [6, 7].

Role of the ICAM-1, Src Protein Tyrosine Kinase
and MPC-1 on Inflammation and Cancer Cell
Biology

ICAM-1 is a transmembrane glycoprotein containing five

Ig-like domains that is a member of the Ig superfamily and

is expressed on numerous cell types including leucocytes,

endothelial cells, keratinocytes and fibroblasts. This protein

serves as a ligand for the membrane-bound integrin

receptors LFA-1 or leucocytes and plays an important role

in leucocyte–endothelial cell interactions and leucocyte

migration [8, 9].

The implication of cell adhesion molecules (CAMs)

such as ICAM-1, vascular endothelial CAM-1, E-selectin

and P-selectin has been investigated extensively in the

inflammation process [10]. CAMs are also involved in

tumour progression, [11] and Rosette et al. [12] showed

that some circulating tumour cells were able to extra-

vasate to a secondary site using a process similar to

inflammatory cells. These similarities may in part explain

the link between inflammation and the occurrence of

metastasis.

The role of ICAM-1 in tumour invasion in vitro, and in

metastases in vivo, has been supported by scientific evi-

dence. It was shown that ICAM-1 expression in primary

lesions and increased serum levels in patients with

malignant melanoma was linked to a reduction of the

disease-free interval and survival rate [13]. Similar results

were reported in an investigation that examined the role of

ICAM-1 in the invasion of human breast cancer cells [12].

In colorectal cancer, the overexpression of ICAM-1 was

an indicator of metastatic potential and poor prognosis

[14]. For these reasons, it was suggested that ICAM-1

expression can be used as a biomarker for tumour pro-

gression as well as a target for therapeutic interventions

[15–17].

The Src family is the largest family of non-receptor

protein tyrosine kinase and is responsible for signal trans-

duction during many cellular activities including cytoske-

letal alterations, differentiation, cell-type progression,

adhesion and migration. Aberrant Src activity has been

widely implicated in cancer development [18]. Src protein

tyrosine kinase is another potent regulator of endothelial

permeability and inflammatory responses in tissue cells

[19]. The Src family of non-receptor protein tyrosine

kinases plays a critical role in cellular signal transduction

pathways, regulating cell division, motility adhesion,

angiogenesis and survival. Activation of Src family kinases

is common in different human cancers. This system seems

to be crucial for the proliferation of tumours, disruption of

cell/cell contacts, migration, invasiveness and resistance to

apoptosis, and are, therefore, attractive targets for appli-

cation of anticancer therapeutics [20].

Monocyte chemoattractant protein-1 (MCP-1) plays an

important role in inflammation by attracting monocytes and

macrophages to the inflammatory site. This protein has

strong chemoattractant action on monocytes, T cells and

NK cells [21]. Additionally, MCP-1 promotes the trans-

migration of circulating monocytes into tissues [22]. This

protein has been implicated in angiogenesis and tumour

proliferation [23]. Cai et al. [24] have demonstrated that

MCP-1 levels were elevated in lung cancer patients with

bone metastases.

There is increasing evidence that inflammation and

cancer pathways are connected [25]. For example, epide-

miological studies of patients, and molecular investigations

of genetically modified mice, have led to the concept that

mechanisms leading to inflammation and cancer may be

linked [26–28].

The PI3-K pathway is frequently dysregulated in

human cancer and regulates many of the hallmarks of

cancer [29•]. There has been a large effort to identify

molecules which block this pathway [30, 31]. Src is also

considered a potential therapeutic target for the treatment

of solid tumours. The role of Src family kinase suppres-

sion was investigated in the proliferation, migration and

invasion of pancreatic cancer cells [32]. The results

showed that Src kinase inhibitors suppressed proliferation

and induced cell cycle arrest. Another potent tyrosine

kinase inhibitor was shown to provide meaningful clinical

benefit to patients with metastatic castration-resistant

prostate cancer [33•].

Anti-inflammatory Effects of LA

Currently, it is acknowledged that local anaesthetics are

potent anti-inflammatory drugs [34–36]. Their site of

action is the G-protein ‘‘responsible’’ for the coupling of

membrane receptors to intracellular molecules [37].

It has been shown that local anaesthetics can moderate

the regulatory mechanisms of polymorphonuclear leuco-

cytes [38], reduce leucocyte adherence by interfering with

integrins [39] and the intercellular adhesion molecule-1

(ICAM-1) [40], influence leucocyte motility by affecting

the cytoskeleton [41] or by reducing the release of che-

moattracting agents [42]. They have also been shown to

inhibit prostaglandin biosynthesis, the release of throm-

boxane B2 and leukotriene B4 [43], as well as the release

of cytokines such as IL-Ia [44], IL-Ib and TNF-a [45] and

IL-8 [46].
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Blumenthal et al. [47] investigated the effects of ropi-

vacaine in a rat model of LP5-induced acute lung injury, and

demonstrated that ropivacaine significantly decreases

ICAM-1 expression, reduced leucocyte adhesion and

diminished cytotoxicity, suggesting a potential benefit of

ropivacaine for the treatment of LPS-induced acute lung

injury. Feng et al. [48] investigated the effects of lidocaine

in LPS-induced lung injury in rats, and found that lidocaine

reduced the lung injury and the subsequent release of TNF-a
and IL-6 by inhibiting the NF-jB activation.

A recent investigation examined this mechanism to

understand the beneficial effects of ropivacaine in the LPS-

induced lung injury model [49••]. Mice were exposed to

either nebulized normal saline or lipopolysaccharide in

presence or absence of ropivacaine (300 ll of 1 lmol

intrathecaly), followed by either normal or high total

volume ventilation. The results showed that mice treated

with ropivacaine had a significant reduction of excess lung

water, extravascular plasma equivalents, permeability

index and myeloperoxidase activity. However, the dele-

terious effects induced by high volume ventilation were not

altered by ropivacaine. Western blot analysis of lung

homogenates, as well as human lung microvascular endo-

thelial cells treated in culture with lipopolysaccharide

alone, showed a significant reduction in Src activation/

expression, as well as ICAM-1 expression and caveolin-1

phosphorylation.

It is known that pulmonary endothelial barrier dys-

function mediated in part by Src kinase activation [50, 51]

plays a crucial role in acute inflammatory disease. The

proinflammatory cytokine tumour necrosis factor-a acti-

vates Src protein kinase and consequently increases

endothelial permeability [19]. Piegeler et al. [52••] hypo-

thesized that ropivacaine and lidocaine could attenuate

inflammatory Src signalling by disrupting the phosphati-

dylinoside 3-kinase(PI3K)-Akt-nitric oxide pathway, thus

blocking Src-dependent neutrophil adhesion and endo-

thelial hyperpermeability in human lung microvascular

endothelial cells. The results showed that both ropivacaine

and lidocaine were able to attenuate TNF-a-induced neu-

trophil adhesion and endothelial hyperpermeability via a

reduction of Akt, endothelial nitric oxide synthase and Src

activation.

In summary, these investigations clearly demonstrate

the anti-inflammatory effects of lidocaine and ropivacaine.

Moreover, they demonstrate that the beneficial effects of

local anaesthetics are even more pronounced when the

ICAM-1 and Src are stimulated by lipopolysaccharide or

TNF-a, a situation mimicked by the perioperative inflam-

matory response. It is suggested that inhibition of inflam-

matory Src signalling by local anaesthetics is accomplished

via inhibition of the recruitment of p85 regulatory subunit

of PI3K to TNF-a receptor1. This, in turn, prevents P13K

activation and subsequent cascade signalling involving

phosphorylation/activation of Akt, endothelial nitric oxide

synthase, nitric oxide generation and Src activation. Inhi-

bition of Src-dependent intercellular adhesion molecule-1

phosphorylation blocks the increase in neutrophil binding,

and the inhibition of direct and indirect (via the phos-

phorylation of caveolin-1) Src-dependent destabilization of

adherence functions attenuates endothelial barrier disrup-

tion and hyperpermeability [52].

Effects of LA on Metastasis and Cancer Cell
Biology

We recently demonstrated that lidocaine and ropivacaine

inhibited inflammatory cytokine-signalling, proliferation

and migration of human lung adenocarcinoma cells [53••].

In this in vitro model, NCI-H838 lung cancer cells were

incubated with TNF-a or LPS in the absence/presence of

ropivacaine or lidocaine at different concentrations. Cell

lysates were analysed for Src activation and ICAM-1

phosphorylation. MCP-1 production, cell proliferation and

migration were also assessed. The results of this investi-

gation showed that both local anaesthetics inhibited Src

activation and ICAM-1 phosphorylation induced by

inflammatory mediation TNF-a and LPS in a dose-

dependent manner. Additionally, both lidocaine and ropi-

vacaine could be shown to reduce TNF-a-induced MCP-1

production, and inhibit cancer cell proliferation and

migration [53]. MMP-9 secretion triggered by TNF-a was

also significantly inhibited. Matrix-metalloproteinases are

crucial in the pathogenesis of new metastatic sites origi-

nating from solid tumours. These enzymes degrade the

extracellular matrix and basal lamina, thus allowing

malignant cells to extravasate, forming satellite lesions

[54, 55]. Other beneficial effects have been demonstrated

by Martinsson [56], who found that ropivacaine inhibited

the growth of human colon adenocarcinoma cells in a dose-

dependent manner, and that this effect was more pro-

nounced with ropivacaine than with lidocaine, although no

physiopathological mechanism was suggested. Sakaguchi

et al. [57] showed that lidocaine suppressed both serum-

induced and epidermal growth factor–induced prolifera-

tion at clinical concentrations on human tongue cancer

cells. Lucchinetti et al. [58••] investigated the anti-

proliferative effects of local anaesthetics on mesenchymal

stem cells and the potential implications for tumour

spreading and wound healing. They demonstrated that

lidocaine, ropivacaine and bupivacaine, at concentrations

of 10–100 lM, inhibited the proliferation, colony forma-

tion, in vitro wound healing and bone differentiation

assays of culture-expanded bone marrow-derived murine

mesenchymal stem cells. Their results suggested that
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mechanisms involved in this antiproliferative action may

involve the inhibition of IjB–NF–jB–ICAM-1 signalling

pathway, as well as the inhibition of mitochondrial

respiration with adenosine triphosphate depletion. Chang

et al. [59] investigated the apoptotic effects of lidocaine

and bupivacaine in human breast tumour cells. The treat-

ment showed that both local anaesthetics induced caspase

7,8,9 and poly ADP-ribose polymerase cleavage. The

authors concluded that local anaesthetic-induced apoptosis

may have beneficial actions in the treatment of breast

cancer. Lirk et al. [60] incubated breast cancer cell lines

with lidocaine and performed cell counts, determined

apoptosis using the TUNEL stain and assessed global

methylation status, a process increasingly recognized as a

major hallmark of cancer. The authors observed a dose-

dependent decrease in DNA methylation in response to

lidocaine. Local anaesthetic-induced cytotoxicity was

evaluated in vitro in T-lymphoma cells by Werdehausen

et al. [61]. A concentration-dependent cytotoxicity was

observed for all investigated local anaesthetics. Apoptosis

was seen at low concentrations, whereas necrosis was

observed at higher concentrations. Tetracaine was shown

to have a higher potential for toxicity than lidocaine and

mepivacaine. There was no effect of stereoisomerism on

apoptosis and necrosis.

In the daily practice, the anti-inflammatory effects of

local anaesthetics have already been extensively shown in

bowel surgery. Studies (37–40) have demonstrated that

infusion of a bolus of lidocaine 1 mg/kg followed by a

continuous infusion of 1.5 mg/kg/h resulted in a significant

faster recovery of bowel function, shortened hospital stay,

reduction of plasma levels of IL-6, IL-8, complement C3a,

IL-1 ra and the expression of CD11 B and P-selectin.

Conclusions

Metastatic disease after cancer remains a crucial issue.

Traditional systemic therapy is often delayed for weeks

after surgery. Recent studies have shown that cellular and

molecular mechanisms critical to the metastatic process

may be greatly influenced during the perioperative phase

[62]. Postoperative inflammatory surroundings have the

potential to increase the aggressiveness of circulating

tumour cells via mechanisms involving Src activation and

ICAM-1 expression. In vitro and in vivo investigations

have shown that both lidocaine and ropivacaine have the

potential to mitigate this activation. These positive bio-

molecular effects can interfere with the seeding of post-

operatively circulating tumour cells within the soft tissues,

thus preventing or reducing the occurrence of distant

metastasis. Future prospective, randomized, clinical trials

need to be performed to support this hypothesis.
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