
Abstract. Background: One of the functions of natural killer
(NK) cells is to eliminate cancer cells. The cytolytic activity of
NK cells is tightly regulated by inhibitory and activation
receptors located in the surface membrane. Lidocaine
stimulates the function of NK cells at clinically relevant
concentrations. It remains unknown whether this effect of
lidocaine has an impact on the expression of surface receptors
of NK cells, can uniformly stimulate across different cancer cell
lines, and enhances the function of cells obtained during
oncological surgery. Materials and Methods: NK cells from
healthy donors and 43 patients who had undergone surgery for
cancer were isolated. The function of NK cells was measured
by lactate dehydrogenase release assay. NK cells were
incubated with clinically relevant concentrations of lidocaine.
By flow cytometry, we determined the impact of lidocaine on
the expression of galactosylgalactosylxylosylprotein3-beta-
glucuronosytranferase 1, marker of cell maturation (CD57),
killer cell lectin like receptor A, inhibitory (NKG2A) receptors
and killer cell lectin like receptor D, activation (NKG2D)
receptors of NK cells. Differences in expression at p<0.05 were
considered statistically significant. Results: Lidocaine increased

the expression of NKG2D receptors and stimulated the function
of NK cells against ovarian, pancreatic and ovarian cancer cell
lines. Lidocaine also increased the cytolytic activity of NK cells
from patients who underwent oncological surgery, except for
those who had orthopedic procedures. Conclusion: Lidocaine
showed an important stimulatory activity on NK cells. Our
findings suggest that lidocaine might be used perioperatively to
minimize the impact of surgery on NK cells.

Inflammation and immunosuppression are hallmark
phenomena of oncological surgery (1, 2). Animal studies
indicate that the inflammatory response and suppression of the
innate immunity observed during and after surgery favor the
formation of metastases (3, 4). Human studies demonstrate
that a high postoperative inflammatory state is associated with
shorter survival due to recurrence or tumor progression (5, 6).
Different investigations also have shown that the function and
count of natural killer (NK) cells decrease during and after
surgery and correlates with an increase in locoregional and
distant metastasis (7). Therefore, a significant emphasis has
been placed on the identification of perioperative interventions
that can modulate the function of NK cells (8).

Lidocaine, an amide local anesthetic, has strong anti-
inflammatory effects when used during and after surgery (9).
Lidocaine also modulates the immune system. While at high
concentrations lidocaine can suppress the function of NK
cells, it stimulates the killing activity of these cells at
therapeutic plasma concentrations (10, 11). Furthermore, the
stimulating effect of lidocaine on NK cells appears not to be
target cell-specific. Briefly, our group recently demonstrated
that lidocaine enhanced the killing activity of NK cells
against three different leukemia cell lines (11). Based on these
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observations, it is possible to speculate that lidocaine
effectively increases the cytotoxic effect of NK cells across
several tumor types. However, to date, as far as we are aware,
there is no evidence to conclude that lidocaine stimulates the
activity of human NK cells against cells lines from solid
tumors. Furthermore, all studies using lidocaine have used
NK cells from healthy donors or non-cancer patients. Thus,
it remains unknown whether lidocaine can restore the
function of cells from patients undergoing cancer surgery.

In the present laboratory study, we tested the following
two hypotheses. Firstly, if lidocaine increases the killing
activity of NK cells by modulating the expression of
maturation, inhibitory and activating receptors. Secondly, if
lidocaine stimulates not only the function of NK cells from
healthy donors against cell lines from solid malignancies but
also the cytotoxic activity of NK cells isolated from patients
who underwent cancer surgery.

Materials and Methods
We received an Institutional Review Board (#2011-0146, #PA12-
0508 and #PA12-0524) approval for this study and obtained written
informed consent from all patients. All patients underwent volatile
general anesthesia with intraoperative and postoperative opioid-
based analgesia (1, 2). Blood draws occurred before induction of
anesthesia, on postoperative days 1, 3 and 5 in patients undergoing
bone tumor surgeries and liver resections, and on the morning after
surgery in women who underwent mastectomies (1, 2). 

Cell culture and NK cell isolation. The human leukemia cell line
K562 (American Type Culture Collection, Manassas, VA, USA), the
osteosarcoma cell line KRIB (kindly donated by Dr. Valeare Lewis),
the ovarian cancer cell line SKOV3 (kindly donated by Dr. Anil
Sood) and the pancreatic cancer cell line (kindly donated by Dr.
Jason Fleming) were cultured in RPMI-1640 medium (Sigma-
Aldrich, St Louis, MO, USA) and supplemented with 10% or 20%
fetal bovine serum, 1% penicillin-streptomycin, and 1% L-
glutamine (all from Gibco Life Technologies, Carlsbad, CA, USA)
(11). NK cells were isolated from either buffy coats (peripheral
blood mononuclear cells, PBMCs) from de-identified healthy blood
donors or from patients who underwent breast cancer, liver resection
or malignant bone surgeries at MD Anderson Cancer Center as
published elsewhere (1, 2, 11). 

NK cells from donors and patients were isolated by positive
selection using magnetic cell separation (Miltenyi Biotec, Bergicsh
Gladbach, Germany), and NK cell viability was tested with trypan
blue. Samples with more than 95% viability were used in the
cytotoxicity assays (1, 11).

Flow cytometric studies. We investigated the impact of lidocaine on
NK cell-surface marker of differentiation, activation, and inhibition.
NK cells isolated from healthy donors were incubated with lidocaine
(vehicle: sodium chloride 0.9%, 0.01, 0.1, 1, 10, and 50 μM) for 20
h (11). Determination of expression of activating and inhibitory
receptors was conducted by incubation of NK cells with anti-CD57
anti-NKG2A and anti-NKG2D and respective isotype controls (all
from Becton Dickinson, Franklin Lakes, NJ, USA), as recommended
by the manufacturer. Washing was performed with washing buffer

PBS-F. After final washing, cell-associated fluorescence was
determined by flow cytometry after appropriate gating.

Cytotoxicity assays. NK cell cytotoxicity was calculated using the
lactate dehydrogenase (LDH) assay (Cytotoxicity Detection Kit,
630117; Clontech Laboratories, Mountain View, CA, USA) (1,
11). This technique measures the release of LDH from dying cells
in the culture medium. To test the effect of increasing
concentrations of lidocaine (vehicle, 0.01, 0.1, 1, 10, and 50 μM)
on the NK cell cytotoxicity against target cells (SKOV3, KRIB,
and PATC53 cells), we incubated effector (NK cells) and target
cells for 20 h (1, 11). Each assay was repeated a minimum of five
times. To test the effect of lidocaine (0.01 μM) on the cytotoxic
activity of NK cells obtained from patients who underwent
surgery, we incubated the effectors and target cells (K562 cells)
for 20 hours. The percentage of cytotoxicity was calculated
according to the following equation: 

Cytotoxicity %=[(effector: target cell mix – effector cell control) −
low control]/(high control − low control)×100. 

Each experiment was performed in triplicate (1, 11).

Statistical analysis. The results from cytotoxicity assays are reported
in means and standard deviations or medians and 25-75%
percentiles according to normality test (D’Agostino and Pearson
omnibus test). Statistical significance for NK cell cytotoxicity
assays performed to test the effect of different concentrations of
lidocaine against HepG2, SKOV3, KRIB and MDA-PATC53 cells
was established by Kruskal-Wallis test followed by Dunn test for
multiple comparisons when appropriate. Wilcoxon matched-pairs
signed ranked test was conducted to evaluate the effect of a single
dose of lidocaine on NK cell cytotoxicity from patients. We
considered that an increase of NK cell cytotoxicity by at least 50%
on postoperative day 1 would be clinically relevant. Based on
previously published studies, we assumed a mean postoperative NK
cell cytotoxicity of 10% and a standard deviation of 8%. Therefore,
we would need at least 41 patients to detect a minimum increase of
50% in the NK cell cytotoxicity function of cells treated with
lidocaine compared with vehicle-treated cells. Values of p<0.05
were considered statistically significant. Prism 5 (GraphPad
Software, Inc, San Diego, CA, USA) was used to perform all
statistical analysis.

Results

Effect of lidocaine on surface markers of maturation,
activation, and inhibition. We have previously shown that
lidocaine appears to increase the killing activity of NK cells
by a direct action on these cells (11). To further investigate
our previous findings, we measured the effect of lidocaine
on the expression of three surface markers involved in cell
differentiation, activation, and inhibition. As shown in Table
I and Figure 1, lidocaine caused a small but not statistically
significant increase in the expression of CD57 (indicative of
NK cell differentiation). Lidocaine did not have any impact
on the mean intensity fluorescence of the NKG2A receptor
(inhibitory receptor). However, the flow cytometric analysis
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Figure 2. Effect of lidocaine on the NK cell activity against ovarian,
pancreatic and osteosarcoma cell lines.

Figure 1. Effect of lidocaine on the expression of surface markers of
maturation, inhibition and activation of NK cells.



indicated that lidocaine caused a slight, but borderline
statistically significant increase in the expression of
activating receptor NKG2D. 

Effect of lidocaine on cytotoxicity of NK cells from healthy
donors against target cells from patients with solid cancer.
As shown in Figure 2, lidocaine significantly increased the
cytotoxicity function of NK cells against all targets cells.
SKOV3 cells showed the highest sensitivity to NK cell-
killing activity across all concentrations of lidocaine.
Furthermore, the concentration at which this local anesthetic
had the largest effect was not the same among all cell lines.
Briefly, 50 μM of lidocaine caused a 7-fold increase in the
killing activity of NK cells against SKOV3 cells. On the
contrary, we observed that lower concentrations of lidocaine
had the strongest effects on PATC53 and KRIB cells (Figure
2 and Table II). 

Lidocaine stimulates the function of NK cells from patients
with cancer. We tested the effect of lidocaine on NK cells
from 43 patients who underwent mastectomies, liver
resections or orthopedic oncological surgery. In comparison
to the vehicle, lidocaine increased by two-fold the function
of NK cells obtained before surgery (Table III). A more
significant effect was observed when lidocaine was added to
NK cells isolated postoperatively (Table III). Briefly, the

cytotoxic activity of NK cells obtained on postoperative day
1, 3 and 5 that were treated with lidocaine was 4, 5.7 and 4
times higher than those incubated with vehicle, respectively.
We then assessed if the observed effects of lidocaine were
surgery specific. Thus, we analyzed the in vitro effect of
lidocaine on the function NK cells obtained from 15 women
who had undergone mastectomies (Table III). Lidocaine 
(0.01 μM) stimulated the in vitro killing activity of the NK
cells, not only of those collected preoperatively but also of
those obtained after surgery (Table III). We observed a 2-fold
and nearly 4-fold increase in the cytotoxic activity of NK
cells isolated preoperatively and postoperatively, respectively. 

Similarly, we co-treated target (K562) cells and NK cells
obtained from 24 patients undergoing liver resections with
lidocaine at 0.01 μM (Table III). As shown in Figure 2, NK
cells isolated preoperatively and treated with lidocaine
showed a 2-fold increase in their killing activity compared
to those treated with the medium. Moreover, lidocaine
stimulated the function of NK cells obtained on
postoperative day 1, 3 and 5 by 321%, 349%, and 625%,
respectively (Table III). 

Lastly, we tested the effect of lidocaine on NK cells
isolated from four patients with bone malignancies. Although
we observed an increase in the function of NK cells treated
with lidocaine, the impact was not statistically significant
(Table III). 
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Table I. Effect of lidocaine on the expression of surface markers of maturation, inhibition and activation of natural killer cells.

Marker                                                                                    Lidocaine concentration μM                                                                                     p-Value
                                                                                                                                                                                                                                   Overall 
                                0                              0.01                            0.1                                 1                                 10                              50                   effect

CD57        339 (181.8-632.8)     534 (257.5-677.8)    501 (228.3-689.3)        494 (234-670.8)          492 (223.5-492)      479.5 (236-699.8)        0.13
NKG2A    1053 (381.5-1682)      1111 (538-1666)     1117 (621.5-1645)      1123 (618.3-1589)      1028 (629.3-1503)    1080 (613.3-1723)       0.78
NKG2D     104.1 (76.0-664)      122 (102.4-727.3)      124 (101.1-737)     125.5* (104.3-731.8)      133 (102.1-736)       130 (99.4-701.5)         0.05

CD57: Marker of maturation; NKG2A: inhibitory receptor; NKG2D: activating receptor. *p<0.05 compared to 0 μM (vehicle). Data are shown as
median (25-75% percentile).

Table II. Effect of lidocaine on natural killer cell activity against ovarian, pancreatic and osteosarcoma cell lines.

Cell line                                                                                   Lidocaine concentration μM                                                                                     p-Value
                                                                                                                                                                                                                                     Overall 
                              0                             0.01                              0.1                                 1                                10                                 50                   effect

SKOV3     2.54 (0.01-4.95)      5.83* (4.13-14.4)          9.1 (3.78-17.01          9.82 (5.11-12.24)   11.76** (5.07-15.82) 15.34*** (8.67-17.85)  0.0003
PATC53       8 (2.24-11.3)       26.24 (11.2-37.21)       10.9 (5.13-44.63)       17.23 (6.67-30.68)     7.43 (2.83-14.29)       15.64 (7.66-46.68)      0.003
KRIB       18.01 (14.6-21.34)  26.29 (21.01-32.43)  33.01** (20.83-39.62)  29.79 (21.97-35.63)   27.5 (20.65-32.76)       25.5 (20.2-30.72)        0.04

SKOV3: Ovarian cancer cells; PATC53: pancreatic cancer cells; KRIB: osteosarcoma cells. Significantly different from the vehicle-treated control
(0 μM) at: *p<0.05, **p<0.01 and ***p<0.005. Data are shown as median (25-75% percentile).



Discussion

Previous studies have shown that cell lines from different
solid tumors are sensitive to the killing activity of NK cells
(12-14). However, we demonstrated, to our knowledge for
the first time, that lidocaine in vitro has strong stimulatory
effects on the killing activity of NK cells against pancreatic,
ovarian and osteosarcoma cells. Our results are in agreement
with previously reported findings from our group in which
we showed that lidocaine stimulated the function of NK cells
against three different leukemia cell lines (11).

In that study, we demonstrated that the effect of lidocaine is
primarily due to its action on NK cells (11). In the present
work, we have tried to explore the mechanisms of our findings
further. We found that lidocaine induced a small increase in the
expression of the activating receptor NKG2D but had no
significant effects on the expression of markers of maturation
or the inhibitory receptor NKG2A. Whether a small increase
in the expression of the NKG2D receptor is solely responsible
for the observed strong effect of lidocaine on NK cell
cytotoxicity remains unknown. However, it is worth
considering that lidocaine also acts on cancer cells, which can
also, at least in part, explain our results (11). Piegeler et al.
recently reported that lidocaine blocks proto-oncogene
tyrosine-protein kinase (Src) and protein kinase B (Akt)
phosphorylation in lung cancer and endothelial cells (15-17).
A recent study indicated that cancer cells treated with sunitinib,
a multitargeted tyrosine kinase inhibitor, showed increased
sensitivity against NK cells (18). Furthermore, lidocaine was
found to bind platelet activation factor (PAF) receptor (19).
Berthou et al. observed that PAF activation made NK cell-
resistant cancer cells susceptible to the lytic activity of NK
cells (20). Thus, it is possible to speculate that lidocaine might
also sensitize cancer cells to the effect of NK cells by acting
as tyrosine kinase inhibitor or binding the PAF receptor.

Our findings are supported by a previous study that
demonstrated that NK cells from patients who received an

intravenous infusion of lidocaine were more cytotoxic than
those from patients who had epidural anesthesia or placebo
(21). Similarly, Yokama et al. demonstrated that the
administration of lidocaine for epidural anesthesia did not have
any effect on the function of NK cells in comparison to placebo
(22). In the present study, we also demonstrated that lidocaine
in vitro and clinically relevant concentrations significantly
stimulated NK cell cytotoxicity in the context of breast cancer
surgery and liver resections. Although we did not show the
same effect of lidocaine on NK cells obtained from patients
undergoing orthopedic oncological surgery, we could speculate
that our results were due to the small sample size (n=4) since
the data indicate that lidocaine-treated cells had a higher
activity than vehicle-treated cells. Thus, the literature and our
data suggest that systemic lidocaine infusions during and after
surgery could be used to preserve the function of NK cells.

Our study has several limitations. Firstly, all experiments
were conducted in vitro. Therefore, we do not know if the
effects of lidocaine are reproducible in vivo. Secondly, we only
explored the effect of lidocaine on three surface markers of NK
cells. We took this approach because of the importance of
CD57, NKG2DA and NKG2D in the function of NK cells.
However, it is possible that lidocaine might affect the
expression of other activating or inhibitory receptors. Thirdly,
we only tested the effect of lidocaine in three different cell lines
and three surgical settings. Hence, our results may not
necessarily translate to other experimental systems. Lastly, the
pool of available NK cells from patients was limited. Hence,
we were unable to explore whether similar mechanisms of
stimulation of NK cells from healthy donors can be translated
to patients undergoing surgery, or whether higher
concentrations of lidocaine lead to stronger effects on NK cell
cytotoxicity. Furthermore, we did not test the function of NK
cells from patients against their own primary cancer cells.

In conclusion, lidocaine in vitro increases the expression
of the NKG2D receptor in NK cells, stimulates the function
of these cells against cell lines from solid malignancies, and

Cata et al: Lidocaine Stimulates Function of NK Cells

4731

Table III. In vitro effect of lidocaine on the natural killer cell function of patients undergoing surgery.

Time             All patients (n=43)           p-Value       Mastectomy (n=15)     p-Value    Liver resection (n=24)      p-Value    Orthopedic surgery (n=4) p-Value
point
                  Vehicle          Lidocaine                         Vehicle        Lidocaine                     Vehicle         Lidocaine                         Vehicle           Lidocaine         

Preop   22.86 (16.42-  44.63 (28.98-   <0.0001  28.9 (18.2-   63.6 (42.76-   0.001  21.68 (14.4-   40.82 (26.1-      0.002   25.81 (16.41-  31.15 (31.15-   0.25
                   35.92)              61.06)                            39.29)            77.39)                         29.77)            53.25)                             29.19)              146.4)
POD1          4.75          18.67 (9.91-    <0.0001   3.56 (0.4-    12.06 (5.16-   0.024   4.66 (1.93-    19.66 (10.4-   <0.0001 12.35 (3.28-   27.63 (16.81-  0.125
               (1.39-16.7)          34.33)                            17.23)            28.17)                         14.83)            39.02)                             19.74)              34.04)
POD3     3.78 (0.24-    21.44 (10.45-    0.0002         NA                NA                       4.43 (0.57-    19.92 (8.76-      0.002       1.81 (0-       23.24 (18.94-  0.125
                   16.13)              29.36)                                                                                       16.13)            29.36)                             24.75)              46.63)
POD5     5.31 (0.82-     21.24 (12.42   <0.0001        NA                NA                          2.86 (0-      20.79 (7.24-      0.001      6.5 (2.93-     22.72 (18.44-  0.125
                   12.81)              -37.86                                                                                       12.81)            39.29)                             14.48)              40.98)

NA: Blood specimens not available; Preop: preoperative; POD: postoperative day. Data are shown as median (25-75% percentile).



augments NK cell cytotoxicity in the context of oncological
surgery. More research is needed to identify the mechanisms
behind our findings and investigate whether our results can
be translated into the clinical setting.
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