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Inoculation of Lewis lung carcinoma cells enhances
formalin—-induced pain behavior and spinal Fos expression
in mice
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The incidence of lung cancer has rapidly increased and cancer patients at a later cancer stage frequently suffer from unbearable
cancer-associated pain. However, the pathophysiology of lung cancer pain has not been fully described due to a lack of appropriate animal
models. This study was designed to determine the effect of Lewis lung carcinoma (LLC) cell inoculation on formalin-induced pain behavior
and spinal Fos expression in C57BL/6 mice. LLC cells (1.5 x 10°,2.5 x 10°, 3.0 x 10° or 5.0 x 10°) were inoculated into back or peri-sciatic
nerve areas. Back area inoculation was adopted to determine the effect of cancer cell circulating factors and the peri-sciatic nerve area was
used to evaluate the possible effects of cancer cell contacting and circulating factors on formalin-induced pain. At postinoculation day 7, LLC
cell (5.0 x 10°) inoculations in both back and peri-sciatic nerve area significantly increased formalin-induced paw-licking time and spinal
Fos expression over those in cell-media-inoculated (control) mice. Enhanced pain behavior and spinal Fos expression were significantly
suppressed by ibuprofen pretreatment (250 mg/kg). The results of this study suggest that LLC cell circulating factors and inflammatory

responses may be critical in enhancing pain sensation in the early stage of lung cancer cell inoculation.
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Introduction

Cancer is a critical life-threatening disease and the human
population with cancer has been rapidly increasing. As a tumor
develops and/or spreads to other body areas, a patient frequently
suffers from severe cancer-related pain. Since the precise
mechanism of cancer-associated pain is poorly understood,
effective, mechanism-based treatments are difficult to implement.
In addition, the lack of a proper animal model for cancer pain
research has limited the pharmaceutical development of new
analgesics.

The formalin test has been commonly used to examine the
efficacy of analgesic drugs in various animal species [14].
Peripheral injection of formalin produces typical biphasic pain
behavior and elevates spinal Fos expression [6,12]. Pain

behavior in the first phase occurs as a consequence of direct
chemical noxious stimulation while that of the second phase is
mediated by the formalin-induced central sensitization and/or
peripheral inflammation [2].

This study was designed to investigate the effect of Lewis
lung carcinoma (LLC) cell inoculation on formalin-induced
pain behavior and spinal Fos expression. For the determination
of the effect of circulating factors associated with inoculated
cancer cells, LLC cells were subcutaneously administrated into
the back area, whereas they were inoculated into the peri-sciatic
nerve area in separate groups of mice to determine the roles of
circulating and nerve-contacting factors. In addition, we treated
with ibuprofen to determine the possible role of inflammatory
responses in LLC-enhanced and formalin-induced pain
behaviors and in spinal Fos expression.

Received 22 Feb. 2016, Revised 1 Jun. 2016, Accepted 26 Aug. 2016

*Corresponding author: Tel: +82-42-580-8217; Fax: +82-42-585-8440; E-mail: kim0827@cnu.ac.kr

"The first two authors equally contributed to this work.

pISSN 1229-845X
elSSN 1976-555X

*Present address: Formulation Research Team, I.V. Solution Research Institute, JW Life Science, Dangjin 31720, Korea

Journal of Veterinary Science - (©) 2017 The Korean Society of Veterinary Science. All Rights Reserved.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



268 Jae-Gyun Choi et al.

Materials and Methods

Animals

Male C57BL/6 mice weighing 28 to 32 g were purchased
from Samtaco Bio Korea (Korea) and used for this study. All
animal experimentation adhered to the policy of the Chungnam
National University regarding the use and care of animals.
Animals were housed in a standard environment with a 12 h
light/dark cycle, a stable room temperature (maintained between
20 and 25°C), and 40% to 60% humidity. Food and water were
given freely throughout the investigation.

Cell culture

The LLC cells were purchased from the American Type
Culture Collection (USA). This tumor originated spontaneously
as a carcinoma of the lung of C57BL/6 mice. The LLC cells
were cultured in Dulbecco’s modified Eagle medium (DMEM,
Sigma-Aldrich, USA) with 10% fetal bovine serum (Gibco,
USA) and 5% antibiotic-antimycotic (Gibco) at 37°C in an
atmosphere of 5% CO, and 95% air and passaged weekly. For
LLC administration, cells were centrifuged for 3 min at 200 x g;
subsequently, the sediment was suspended in media and used
for the inoculations.

Inoculation of LLC cells

Mice were anesthetized by an intraperitoneal injection of
Zoletil 50 (5 mg/kg, tiletamine HCI + zolazepam HCI; Virbac
Laboratories, France) and Rompun (0.75 mg/kg, xylazine HCI;
Bayer Korea, Korea). Inoculation of various concentrations of
LLC (1.5x 10°,2.5x 10°, 3.0 x 10° or 5.0 x 10’ cells in a volume
of 100 puL) was performed into the back area (subcutaneous;
lumbar 4-6) or the right peri-sciatic nerve area (intramuscular)
in each mouse. Control group mice were inoculated (intramuscular)
with cell media solution in the peri-sciatic nerve area.

Formalin test

The formalin test was carried out as described in our previous
report [7]. At 7 days after cell media or LLC inoculation,
formalin (1%, 20 uL) was subcutaneously injected into the
plantar surface of the hind paw. Following intraplantar injection
of formalin, the animals were immediately placed in an acrylic
observation chamber (40 cm high, 20 cm diameter), and their
behaviors recorded for 30 min by using a video camera.
Following the videotaping, paw-licking time (in seconds per
each 5 min increment) was calculated by two experienced
investigators, blinded to the experimental conditions. For
analysis, formalin-induced total paw-licking time was divided
into two phases: first (0-10 min) and second (10-40 min)
phases. To examine the possible effect of the inflammatory
response on LLC-enhanced and formalin-induced pain, ibuprofen
(250 mg/kg; Sigma-Aldrich) was intraperitoneally injected 30
min before formalin injection. Vehicle for ibuprofen was
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prepared with 10% (v/v) DMSO in physiological saline
solution. The dose of ibuprofen was selected as previously
described [16].

Fos immunohistochemistry and image analysis

Immunohistochemistry and image analysis of Fos expression
was performed by applying our previously described method
[8]. Two hours after intraplantar formalin injection, the mice
were deeply anesthetized and transcardially perfused with cold
saline followed by a fixative (4% paraformaldehyde in PBS).
The Iumbar spinal cord was removed immediately after the
perfusion and post-fixed in a same fixative for 12 h. Samples of
the spinal cord were cryoprotected by submersion in 30%
sucrose in PBS (pH 7.4) for 12 h. Frozen serial sections (35 um
thickness) were cut through the lumbar 4-6 spinal cord by using
a cryotome (Leica, Germany). After the elimination of
endogenous peroxidase activity with 0.3% hydrogen peroxide
in PBS, sections were pre-blocked with 1% normal goat serum
and 0.1% Triton X-100 in PBS. Free-floating sections were
incubated in rabbit anti-Fos antiserum (1:10,000, Calbiochem;
MilliporeSigma) at 4°C overnight. Next, the sections were
incubated in horseradish peroxidase-conjugated goat anti-rabbit
IgG (1:1,000; Abcam, USA) for 90 min at room temperature.
Finally, visualization was performed using 3,3"-diaminobenzidine
(Sigma-Aldrich) and sections were mounted on silane-coated
slides. The slides were then dried, dehydrated in ethanol (70%-
100% gradually), cleared in xylene, and cover-slipped.

Determination of each spinal segment was performed by
applying a method described previously [1]. Individual sections
were examined by microscopy (Axio Scope Al; Zeiss, Germany)
and images captured by using a digital camera (AxioCam
MRm; Zeiss). Image analysis software (Image J; National
Institutes of Health, USA) was used to examine the number of
Fos-like immunoreactive (FLI) neurons. In order to maintain a
constant threshold for each image and to compensate for subtle
variability in the immunostaining, we only counted neurons that
were at least 50% darker than the average gray level of each
image. After adjusting the threshold image, individual neurons
were considered to be specifically Fos labeled when a total pixel
area of between 10 and 30 pixels was detected. Quantitation
procedure was performed blindly with regard to the experimental
condition of each animal. Cased on cytoarchitectonic criteria,
the following gray matter regions were selected for analysis: (1)
superficial dorsal horn (SDH; laminae I-II); (2) nucleus
proprius (NP; laminae III-IV); and (3) neck of dorsal horn
(NECK; laminae V-VI).

Statistics

Data are expressed as mean + SEM values. The statistical
significance of differences between control and treated groups
was determined by applying two-tailed Dunnett’s test following
one-way analysis of variance (ANOVA). A p value less than



0.05 was considered to be statistically significant.

Results

Effect of LLC cell inoculation on formalin-induced pain

As shown in Fig. 1, LLC cell media treatments did not
significantly change formalin-induced pain levels from that of
formalin-treated control mice. In the second paw-licking phase
(10-40 min), only the highest LLC cell number (5.0 x 105)
inoculated into back or peri-sciatic nerve areas significantly
increased formalin-induced paw-licking time (panel D in Fig.
1). Formalin-induced pain in the second phase was not affected
by back or peri-sciatic nerve area inoculations of lower LLC
cell numbers (1.5 x 10°, 2.5 x 10, or 3.0 x 10°).
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Effect of ibuprofen on LLC-enhanced formalin-induced pain

The enhanced formalin-induced paw-licking time during the
second phase after the 5 x 10° LLC inoculation was markedly
attenuated by pretreatment with ibuprofen (250 mg/kg, i.p.) as
shown in Fig. 2. Ibuprofen and media treatment did not affect
formalin-induced pain. In addition, a lower ibuprofen dose (50
mg/kg) did not affect the LLC-enhanced formalin pain (data not
shown).

Effect of LLC cells on formalin-induced Fos expression in the
spinal dorsal horn

Photographs of Fos expression in each group are presented in
Fig. 3 and the immunochemical analysis results are shown in
Fig. 4. The LLC cell inoculations into the back and peri-sciatic
nerve areas markedly increased the formalin-induced Fos
expression in the SDH (panels B and C in Fig. 3). Pretreatment
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Fig. 1. Effect of Lewis lung carcinoma (LLC) cell inoculation on formalin-induced pain behavior. LLC cells were administered into
mouse back (Back) or peri-sciatic nerve (Sciatic) areas at four different inoculated cell numbers: 1.5 x 10° (A), 2.5 x 10° (B), 3.0 x
10% (C), and 5.0 x 10° (D). At 7 days postinoculation, formalin-induced first phase (0-10 min) pain was not affected in all groups of
mice. Only the highest number of injected LLC cells (5.0 x 10°) significantly increased formalin-induced late phase (10-40 min) pain
in Back and Sciatic areas (D). Data are presented as mean + SEM values. *p < 0.05 and **p < 0.001 in comparison to media +

formalin group.
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Fig. 2. Effect of pretreatment with ibuprofen (Ibu, 250 mg/kg,
intraperitoneally) on Lewis lung carcinoma (LLC; 5.0 x 10°)
cell-enhanced formalin pain behavior. Formalin test was
performed 7 days after the inoculation of LLC into back (Back) or
peri-sciatic nerve (Sciatic) areas. lbu treatment 30 min prior to the
formalin injection significantly decreased late phase (10-40 min)
LLC-enhanced formalin pain behavior during the second phase
(10-40 min after formalin injection). Data are presented as mean
+ SEM values. *p < 0.05 in comparison to vehicle (V)-treated
control group.

Fig. 3. Representative photomicrographs illustrating Lewis lung
carcinoma (LLC) cell-enhanced and formalin-induced Fos
expressions in the ipsilateral spinal cord dorsal horn of lumbar 4-
6 spinal segments. (A) formalin-injected control; (B) LLC cells
(5.0 x 10°) injected into back area + formalin injection; (C) LLC
cells (5.0 x 10°) injected into peri-sciatic nerve area + formalin
injection; (D) media only injected into peri-sciatic nerve area +
formalin injection + ibuprofen pretreatment (250 mg/kg,
intraperitoneally); (E) LLC cells injected into back + formalin
injection + ibuprofen pretreatment; (F) LLC cells injected into
peri-sciatic nerve area + formalin injection + ibuprofen
pretreatment. SDH, superficial dorsal horn (laminae I-Il); NP,
nucleus of proprius (laminae l-1V); NECK, dorsal horn neck
(laminae V-VI). Scale bar = 200 pm.

with ibuprofen (250 mg/kg) significantly suppressed the
LLC-enhanced and formalin-induced spinal Fos expressions in
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Fig. 4. Effect of pretreatment with ibuprofen (Ibu, 250 mg/kg,
intraperitoneally) on Lewis lung carcinoma (LLC) cell-enhanced
and formalin-induced expression of Fos-like immunoreactive
(FLI) neurons in the spinal dorsal horn. LLC inoculation into back
(Back) or peri-sciatic nerve (Sciatic) areas significantly increased
the number of FLI neurons in each segment of the spinal dorsal
horn; that is, superficial dorsal horn (SDH; laminae I-I), nucleus
of proprius (NP; laminae llI-1V) and dorsal horn neck (NECK;
laminae V-VI). Ibu treatment occurred 30 min prior to formalin
injection and suppressed the LLC- and formalin-induced
increase in the number of FLI neurons. ***p < 0.001.

the back and peri-sciatic nerve groups as shown panels E and F
in Fig. 3 and Fig. 4. Ibuprofen and media treatment did not affect
formalin-enhanced spinal Fos expression (panel D in Fig. 3 and
Fig. 4).

Discussion

Cancer patients in the final cancer stage frequently suffer
from unbearable pain. Cancer-related pain can be caused by one
or several factors including inflammatory responses, ischemia
due to insufficient blood supply, tumor growth-induced nerve
compression, and/or the toxic effect of chemotherapeutic agents
[3]. However, mechanism-based treatments for this type of pain
have been difficult to develop because the pathophysiology of
cancer-associated pain has not been fully described. Lung
cancer is a leading cause of cancer-associated death and one of
the most commonly occurring types of cancer worldwide [5].
Similar to other types of cancer, unbearable pain is a major
factor decreasing the quality of life in lung cancer patients
[4,10,15]. Although previous studies have focused on the
development of an animal model mimicking the neuropathic
pain of cancer patients, only a limited number of cancer animal
models, such as those for fibro- and osteosarcoma, have been
reported [11]. To date, no animal model for the study of lung
cancer pain has been reported, and the lack of such animal
models limits the pharmaceutical development of new
analgesics for the treatment of lung cancer pain. In this regard,
this study was undertaken to develop a new animal model for



the study of lung cancer pain.

In this study, we adopted a formalin-induced pain mouse
model to determine the possible effect of lung cancer cells on
inflammatory pain by inoculating LLC cells into C57BL/6
mice. To determine the roles of circulating or contacting factors,
we treated LLC cells into mouse back (circulating factors) or
peri-sciatic nerve (both contacting and circulating factors)
areas. As shown in Fig. 1, the highest LLC treatment level (5.0
x 10 cells) in both back and peri-sciatic nerve area significantly
increased formalin-induced pain behavior in the second
paw-licking phase, and there was no statistical difference in
LLC pain enhancement between the back and peri-sciatic nerve
groups. This result suggests that circulating factors from
inoculated LLC may be critical for pain enhancement and
supports the results in a previous report that showed that lung
cancer patients suffer from unbearable pain in multiple sites
[15]. In a further experiment in this study, LLC-enhanced
formalin-induced pain behavior was significantly reduced
by pretreatment with ibuprofen (250 mg/kg). In addition,
pretreatment with ibuprofen significantly decreased the LLC-
and formalin-enhanced Fos expression at the spinal lumbar
level. A previous report suggested that the formalin-induced
pain behavior in the second phase may be produced by a
different mechanism related to the concentration of formalin
[16]. Only 5% formalin, not 1%, significantly produced plasma
extravasation in the injected paw and anti-inflammatory
agents such as dexamethasone and ibuprofen elicited both
anti-inflammatory and antinociceptive effects on the higher
formalin-induced responses. Thus, it can be suggested that the
antinociceptive effect of ibuprofen, as used in this study,
produced its effect via the suppression of LLC-induced
inflammation rather than via formalin, and the inflammatory
response in the early phase following cancer cell inoculation
may be critical factor for its pronociceptive effect [13]. In
another animal model for cancer pain, gabapentin showed
sufficient pain relief on melanoma-induced allodynia and
hyperalgesia, but an aspirin-like anti-inflammatory drug,
diclofenac, did not produce analgesia in the same animal model
[9]. In that report, gabapentin and diclofenac were administered
between 14 and 20 days after cancer cell inoculation; in
contrast, we treated ibuprofen on day 7 after LLC cell treatment.
Such differences may indicate that cancer cell-induced pain
mechanisms (i.e., inflammatory or neuropathic) may differ
depending on the time of cancer cell inoculation.

In conclusion, we designed this study to develop a new animal
model for assessing lung cancer pain by inoculating LLC cells
into C57BL/6 mice. The injected LLC, at a cell number of 5.0 x
10°, enhanced formalin-induced pain behavior and spinal Fos
expression. These enhanced pain responses were significantly
inhibited by pretreatment with the anti-inflammatory drug,
ibuprofen (250 mg/kg). The animal model develop in this study
may be useful in the development of new pharmaceutical
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analgesic drugs to reduce or remove pain associated with lung
cancer.
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