
205

Comparative Medicine	 Vol 70, No 3
Copyright 2020	 June 2020
by the American Association for Laboratory Animal Science	 Pages 205–215

Estimated to be discogenic in origin in 40% of patients,7,22 
chronic lower back pain is a major public health and economic 
problem.17 Patients with back pain often have joint pain, com-
monly affecting knees, hips, and facet joints of the spine. Some 
patients with chronic back and joint pain develop pain behavior, 
including verbal (e.g., descriptions of the intensity, location, and 
quality of pain; vocalization of distress; moaning; complain-
ing) and nonverbal (e.g., withdrawal from activities, use of pain 
medication, pain-related body postures and facial expressions) 
displays.9 These pain behaviors can disrupt work and normal 
social activities. To identify biologic markers that differentiate 
painful degenerative discs and asymptomatic discs, our group 
has collected intervertebral disc (IVD) tissues from patients un-
dergoing surgery for discogenic back pain and has compared 
them with degeneration-matched IVD tissues from patients 
undergoing corrective surgery for scoliosis curvature.12,31 We 
have described elevated levels of inflammatory mediators in 
IVD tissues from patients with discogenic back pain that may 

play a key role in back pain etiology.12,31 In addition, other col-
leagues24,28,29 have reported elevated systemic inflammation, 
including elevated levels of cytokines and chemokines, in se-
rum from patients with back pain. We have further shown that 
cultured IVD cells are fully capable of secreting inflammatory 
mediators,31 thus indicating that IVD cells account, at least in 
part, for the cytokine levels in serum. Infiltrating leukocytes in 
the injured32 or degenerative IVDs20 likely contribute to cytokine 
production as well. These previous studies firmly establish the 
clinical relevance of inflammation in discogenic back pain.

Among the chemokines identified in IVD tissues from pa-
tients with discogenic back pain, IL8 is the most highly induc-
ible chemokine in cultured IVD cells.31 In healthy IVD tissue, IL8 
is barely detectable, but it is rapidly induced in response to pro-
inflammatory cytokines such as TNFα and IL1β, bacterial and 
viral products, and cellular stress.11 Our observation that IL1β 
readily induces IL8 in human IVD, with many-fold upregula-
tion of mRNA expression and soluble protein levels,31 prompts 
further study of this chemokine in a transgenic mouse model.

Also known as CXCL8, IL8 is a member of a family of proin-
flammatory cytokines that are related by having a C-X-C motif, 
where X is any amino acid between 2 cysteines.15 Many cells 
produce IL8 in vitro, and it has been implicated in neutrophil 
and T-cell migration. IL8 binds to IL8 receptors (IL8RA/CXCRl 
and IL8RB/CXCR2).8,16 Although rodents lack an IL8 counter-
part, human (h) IL8 can bind to rodent receptors for similar che-
mokines (CXCR1/2).8 One example is that expression of hIL8 in 
the cornea induces corneal ulcer formation in mice.21
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Elevated levels of IL8 protein have been found in plasma and 
cerebral spinal fluids of patients with fibromyalgia,2 a chronic 
pain syndrome affecting multiple parts of the musculoskeletal 
system. Patients with chronic back and joint pain often exhibit 
symptoms that overlap with those of patients with fibromyalgia, 
including weight gain, chronic fatigue, and sleep disturbances.3 
We hypothesize that elevated levels of IL8 in the IVD tissues 
have local and systemic effects in patients and in hIL8-express-
ing mice compared with control mice. To examine the effects of 
elevated IL8 in the mouse model, we used the Cre–lox system 
to establish a mouse line that allows tissue-specific expression of 
hIL8. We selected a mouse line that expresses Cre recombinase 
under the control of the promotor for growth differentiation 
factor (GDF) 5, which is active in both IVD and articular joint 
tissues.4,5,13,25 This line was then used to express hIL8 in both IVD 
and articular cartilage. Given that patients with disc degenera-
tion and associated discogenic pain usually have ostheoarthitis 
in other articular joints,9 this system realistically models human 
disease. We then evaluated nest making, eating, drinking, and 
locomotion in these mice. The behavioral characterization of 
hIL8-expressing mice that we describe here is a preliminary ef-
fort to investigating the relationship between chemokine levels 
and behavior.

Materials and Methods
Mice. All animal experimental procedures were approved by 

the IACUC of the Corporal Michael J Crescenz Veterans Affairs 
Medical Center in Philadelphia. Mice were housed (maximum, 
5 per cage) in disposable cages (Innovive, San Diego, CA) with 
Alpha Dri bedding (Shepherd Specialty Papers, Watertown, TN) 
under SPF conditions with environmental enrichment (Nest-
lets, Ancare, Bellmore, NY; and Mouse Igloo Rodent Enrich-
ment Device, Fisher Scientific, Hampton, NH). Mice are tested 
for pathogens quarterly by using the EAD Mouse Surveillance 
Plus PRIA series (Animal Diagnostic Services, Charles River 
Research, Wilmington, MA), which includes 11 common mouse 
viruses, 26 bacteria strains, and 7 parasitic strains. Our facil-
ity continues to be negative for all pathogens tested under this 
panel. Mice were fed PicoLab diet 5053 (PMI Nutrition Inter-
national, St. Louis, MO) without restriction, provided acidified 
bottled water, and maintained on a 12:12-h light:dark cycle. 
Room temperature is kept at 70 to 76 °F (21.1 to 24.4 °C) and 
humidity between 30% and 70%.

Generation of transgenic mice. pCALL2 plasmid (Miami 
Mice Research) was used to construct the hIL8 transgene 
(Figure 1). Specifically, cDNA of hIL8 was synthesized from 
cultured human AF cells stimulated with IL1β,31 by using ran-
dom hexamers and polydT primers. To amplify the cDNA, 

primers were designed to include the Kozak consensus se-
quence to allow efficient translation.14 cDNA encoding the lon-
gest known IL8 protein (99 amino acids) and a small portion 
of 3′ untranslated region was included. A primer pair was de-
signed based on published sequences (Ensembl transcript ID 
ENST00000307407.7)18,19,30 and included a BglII restriction en-
donuclease digestion site at the 5′ end and an XhoI site at the 3′ 
end of the amplicon. The primers (forward primer containing a 
BglII site, 5′ ATC GAT AGA TCT TGC ATA AGT TCT CTA GTA 
GGG 3′; reverse primer containing an XhoI site and FLAG tag, 
5′ ACC TTA CTC GAG TTA CTT ATC GTC GTC ATC CTT GTA 
ATC TGA ATT CTC AGC CCT CTT C 3′) were synthesized by 
Invitrogen (Carlsbad, CA).

Microinjection of the transgenic construct (linearized 
pCALL2–hIL8 cassette) into C57BL mice was performed by the 
University of Texas Health Science Center at Houston. Of the 17 
mice generated, 5 were positive for the hIL8 insert (i.e., trans-
genic for hIL8) as verified by PCR analysis of DNA extracted 
from tail clips. Genotyping was conducted by using a nested 
primer pair (forward, 5′ TGG AAA GGT TTG GAG TAT GTC 
TTT A; reverse, 5′ CAG CCT TCC TGA TTT CTG CA 3′) and an 
annealing temperature of 56 °C.

The 5 founders (2 females and 3 males) were transported 
to the Corporal Michael J Crescenz Veterans Affairs Medical 
Center in Philadelphia and were bred with C57BL/6J mice (the 
Jackson Laboratories, Bar Harbor, ME). Four lines generated 
live offspring, and were tested for level of hIL8 expression. To 
verify and quantify hIL8 protein, mouse tail fibrocytes were 
cultured from these 4 founders and infected with adenovirus ex-
pressing Cre-recombinase (a generous gift from Dr Tong-Chuan 
He, University of Chicago, Chicago, IL) to induce hIL8 expres-
sion. HIL8 secreted into the supernatant was quantified through 
ELISA (R and D Systems, Minneapolis, MN). The pCALL2–hIL8 
transgenic male mouse that expressed the highest level of hIL8 
was bred with a female C57BL/6J mice (Jackson Laboratories, 
Bar Harbor, ME), followed by sibling-to-sibling inbreeding for 
at least 7 generations before being used in experiments. The 
Cre-inducible pCALL2-hIL8 transgenic mouse line will be avail-
able from The Jackson Laboratory as JAX no. 035378. We have 
acquired and are maintaining a mouse line expressing Cre-re-
combinase under the control of the GDF5 promoter (generously 
provided by Dr David Kinsley, Stanford University, CA).4,25 The 
hIL8 transgenic mice were bred with GDF5-Cre mice to condi-
tionally express the transgene in GDF5-expressing tissues. hIL8 
gene expression in various tissues was verified through real-
time PCR analysis. For brevity, hIL8+;GDF5Cre mice are shown 
as hIL8+, and hIL8-;GDF5Cre mice are shown as controls.

RNA isolation and quantitative real-time PCR analysis. IVD tis-
sues were separated from their adjacent cartilaginous endplates 

Figure 1. Design for conditional expression of human IL8 in mice. Human IL8 cDNA was inserted into the pCALL2 plasmid poly-
linker region to generate IL8-transgenic mice that encode Cre-inducible IL8. IL8-transgenic mice were then bred with GDF5-Cre 
mice with inducible Cre activity in synovial joints and intervertebral discs.
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and bone by using a scalpel under a dissecting microscope 
(VistaVision, VWR International, Radnor, PA), as previously 
described.26 Similarly, knee joint articular cartilage tissues were 
shaved off femoral condyls or tibial plateaus under the dissect-
ing microscope. The isolated IVD or joint articular cartilage 
tissues were soaked in RNALater (Ambion, Foster City, CA) 
overnight and stored at –80 °C until extraction. On the day of 
RNA extraction, RNALater was removed, and the tissues were 
snap-frozen in liquid nitrogen and then transferred into Trizol 
(Invitrogen). Tissues were homogenized by using disposable 
OmniTip probes for hard tissue (Omni International, Kennesaw, 
GA). The aqueous component was extracted 3 time with phe-
nol–chloroform. RNA was precipitated with 70% ethanol and 
further purified by using an RNeasy Micro Kit (Qiagen, Ger-
mantown, MD), according to the manufacturer’s protocol. RNA 
concentration was determined by using a Synergy H4 Hybrid 
Reader (BioTek, Winooski, VT). To generate cDNA, all RNA 
from each IVD (7 to 20 ng/µL; total volume, 50 µL per sample) 
was used as template in a reverse-transcription reaction (Super-
Script VILO cDNA synthesis kit, Life Technologies, Carlsbad, 
CA) containing random hexamers and added poly-dT primers 
(Invitrogen). cDNA sequences were retrieved from Ensembl.30 
Primers for real-time PCR analysis were identical to the primer 
pair for genotyping (described earlier). For each PCR reaction, 
cDNA, SYBR Select master mix (Life Technologies), and prim-
ers (working concentration, 0.5 μM) were mixed, and deionized 
water was added to achieve a total volume of 20 μL per reaction. 
MicroAmp Optical 96-well reaction plates (Applied Biosystems, 
Foster City, CA) containing 20 µL of reaction mixture per well 
were sealed by using optical adhesive film (Life Technologies) 
and run in a ViiA7 real-time PCR system (Applied Biosystems) 
according to the following program: (1) 50 °C for 2 min, (2) 95 
°C for 2 min, (3) 95 °C for 15 s, (4) 58 °C for 1 min, and (5) repeat 
steps 3 and 4 for a total of 40 cycles. Single products were con-
firmed by determining melting curves at the conclusion of the 
reaction. Relative expression was calculated by using the 2-ΔΔCt 
method and normalizing to gapdh (endogenous loading control).

Serum IL8 ELISA. Immediately after euthanasia, mouse blood 
was collected via cardiocentesis. Blood was incubated at room 
temperature for 20 min, and then centrifuged at 5000 revolu-
tions per minute for 20 min. The supernatant serum was iso-
lated and stored at –80 °C until assayed. hIL8 was quantified by 
using the Human IL8/CXCL8 Quantikine ELISA Kit (R and D 
Systems) according to the manufacturer’s instructions.

Mouse rectal temperature. Body temperature was measured 
by using a rectal temperature probe (19 mm, model RET3, Ther-
moworks, Lindon, UT) connected to a thermometer (model 
TW2-193, MicroTherma, Thermoworks).

Mouse nesting behavior. Mice were assigned to hIL8+ and lit-
termate control groups according to their PCR-verified geno-
type. Littermates of the same sex were housed in the same cage, 
to a maximum of 5 mice per cage, regardless of genotype. Mice 
in the same cage usually were tested at the same time, regard-
less of their genotype. The mice were identified by using num-
bered ear tags; the operator of the behavioral testing was blind 
to mouse genotype. At 28 wk of age, each mouse was placed in 
a single cage and given a cotton square (Animal Specialties and 
Provisions, Quakertown, PA) on the night before evaluation. 
Mice and the nests they built were photographed, and nest qual-
ity was scored on a scale of 1 to 5.6 Next, the nesting material 
that was incorporated into nests and the unused material were 
weighed. Mice that made a nest of perfect shape, with all the 
material used, received a score of 5, and mice that did not make 
a nest at all received a score of 1. The procedure was repeated 

once for each mouse; the scores of 2 nests were averaged. The 
nests were scored by 3 independent reviewers.

Assessment of spontaneous behavior. Each mouse was exam-
ined once at each time point (8, 12, 16, 20, 24, and 28 wk of age). 
Specifically, each mouse occupied a single cage, and as many 
as 6 animals were examined at each time point by using Labo-
ras (Metris, Best, Netherlands).27 Laboras is a fully automatic 
and noninvasive system for recording spontaneous behaviors, 
including climbing, grooming, eating, drinking, rearing, and 
resting. Locomotive behaviors (distance traveled, climbing 
[hanging from a wire cage], rearing [standing on hind legs], 
and immobility) also were assessed overnight. Specifically, each 
mouse was tested for 16 h, between 1700 and 0900. Time spent 
in each activity and the distance traveled during the 16-h obser-
vation period were summed, and speeds of ambulation were 
averaged. The natural behavior at 28 wk of age was analyzed 
further by using MATLAB software (MathWorks, Natick, MA).

Statistics. Mean mouse nesting scores were compared by us-
ing the Student t test. Interrater variability was calculated as the 
number of ratings in agreement divided by the total number of 
ratings. The ratings in agreement were defined as any whole-
number rating and its half-number counterpart. For example, 
the scores 1 and 1.5 were considered to be in agreement. Simi-
larly, intrarater variability was calculated by using the ratings 
from the same evaluator and nest image at 2 time points 10 mo 
apart.

The large data set on natural behaviors that was collected by 
using the Laboras platform was organized with MATLAB soft-
ware. To assess between hIL8+ and control mice differences in 
time spent in each activity, distance traveled overnight, and av-
erage speed, 2-factor ANOVA for repeated measures was used, 
where type of mouse was a grouping factor and male or female 
was the repeated measure. Posthoc t tests using the ANOVA 
pooled variance were performed for sex-associated differences 
within each time period. A P value of less than 0.05 was con-
sidered statistically significant. All analyses were performed by 
using SAS statistical software (version 9.4, SAS Institute, Cary, 
NC).

CBC, Giemsa staining of blood films, and histologic analysis. 
For CBC, approximately 200 μL of blood was collected by cardi-
ocentesis immediately after euthanasia and stored in collection 
tubes containing K3 EDTA (Fisher Scientific, Waltham, MA). The 
samples in the tubes were mixed gently, placed in a 4 °C cooler, 
and analyzed (Genesis Veterinary Hematology Analyzer, Ox-
ford Science, Oxford, CT) within 12 h after collection.

To examine blood cell morphology, approximately 10 µL of 
blood was used to make a film, which was fixed with methanol 
for 10 min. The blood films were then stained (Wright Giemsa 
Staining Pack, Sigma-Aldrich, St Louis, MO) according to the 
manufacturer’s instructions.

For histologic analysis, IVD and portions of the adjacent bony 
vertebral bodies and knee joints were isolated immediately af-
ter euthanasia. Each IVD with its surrounding vertebral bodies 
was fixed with 4% paraformaldehyde for 24 h. The bone–disc–
bone segments were decalcified in a solution consisting of 12.5% 
EDTA for approximately 1 wk, with shaking, until the bony por-
tion was completely decalcified.26 The tissues were then dehy-
drated, embedded in paraffin, and sectioned to a thickness of 5 
µm; sections were stained with hematoxylin and eosin.

In addition, mouse spleen and liver were harvested, weighed, 
fixed in 4% paraformaldehyde for 24 h, and stained with he-
matoxylin and eosin. The sections were imaged under a light 
microscope (Nikon, Tokyo, Japan).
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Results
Blood cell morphology and CBC. Neutrophil and lympho-

cyte morphology did not differ significantly between hIL8+ and 

control mice (Figure 2). In addition, total WBC, neutrophil, and 
lymphocyte counts were not significantly different between 
hIL8+ mice and their control littermates (n = 6 mice per group, 
P > 0.05). The lymphocyte percentage was higher in hIL8+ mice 

Figure 2. No significant differences in lymphocyte or neutrophil morphology between (A) mice expressing human IL8 (hIL8+) and (B) control 
animals. Blood smears were stained with Giemsa; scale bar, 50 µm (B). Red arrows, neutrophils; blue arrows, lymphocytes.

Table 1. CBC counts in mice (mean ± SEM; n = 6 male mice per group)

WBC (×109/L) Neutrophils (× 109/L) Lymphocytes (× 109/L) Neutrophils, % Lymphocytes, %

hIL8+ 4.13 ± 0.85 0.95 ± 0.31 2.86 ± 0.65 25.3 ± 6.25 67.64 ± 5.38
Control 3.48 ± 0.46 1.06 ± 0.11 2.05 ± 0.41 32.98 ± 5.14 56.9 ± 4.36
P 0.5440 0.7121 0.3067 0.0515 0.0250

Figure 3. Serum levels (pg/mL; mean ± 1 SD) of human IL8 in mice, according to ELISA. †, P < 0.01.
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than their control littermates (n = 6 mice per group, P = 0.0250, 
Table 1).

Serum hIL8 levels; rectal temperature; and body, spleen, and 
liver weights. Immediately after euthanasia, mouse serum was 
collected and hIL8 levels determined by ELISA. The hIL8 pro-
tein level (mean ± 1 SD) in male hIL8+ mice (n = 17) was 176,313± 
333,670 pg/mL and in female hIL8+ mice (n = 16) was 85,571 ± 
195,753 pg/mL. Thus, the level of hIL8 varied greatly. Four male 
and 2 female hIL8+ mice did not have a detectable level of hIL8 
protein in serum. Serum levels of hIL8 protein were not sig-
nificantly different between male and female mice (P = 0.3461). 
None of the control mice had detectable hIL8 (males, n = 17; 
females, n = 16; Figure 3). Rectal temperature were not differ-
ent between the hIL8+ mice and control littermates (n = 6 mice/
group; P = 0.9128; Table 2).

Nesting. Three independent observers assessed nesting be-
havior in 28-wk-old mice. Each nest was assigned a score6 de-
pending on the amount of cotton square used to build the nest 
and the nest shape (Figure 4 A and B). At 28 wk of age, hIL8+ 
mice built poorer-quality nests than their littermate controls 
(average score, 3.5 and 4.4, respectively; n = 32 and 29, respec-
tively; P < 0.001). In particular, male hIL8+ mice had poorer nest 
scores than male littermate controls (average score, 3.3 and 4.3, 
respectively; n = 16 and 14, respectively; P = 0.0019). Female 
hIL8+ mice likewise showed poorer nest scores than their female 
littermate controls (average score, 3.8 and 4.4, respectively; n = 
16 and 15, respectively; P = 0.0054; Figure 4 C), albeit to a lesser 

degree than male mice. The difference in nest-making scores be-
tween male and female mice was not statistically significant re-
gardless of genotype. The 3 raters showed agreement of 65.6%. 
The crude intrarater agreement was 0.627, with a weighted κ 
of 0.644. The greatest disagreement occurred between nesting 
scores of 4 and 5. Nest score and serum hIL8 level were not cor-
related in hIL8+ mice (n = 26, R2 = 0.0003).

Time spent immobile, in locomotion, and eating. We recorded 
natural behavior of hIL8+ mice and their control littermates 
overnight, for 16 h At 28 wk of age, hIL8+ mice spent more time 
immobile than controls (n = 35 and 33, respectively; P < 0.001). 
Interestingly, male hIL8+ mice spent more time immobile than 
male controls (n = 18 and 17, respectively; P < 0.001), whereas 
female hIL8+ mice spent similar amounts of time immobile as 
female controls (n = 17 and 16, respectively; P = 0.7220). Further-
more, male hIL8+ mice spent more time immobile than female 
hIL8+ mice (n = 18 and 17, respectively; P < 0.0001), and male 
control mice spent more time immobile than female control 
mice (n = 17 and 16, respectively; P < 0.0001; Figure 5, upper 
panel).

At 28 wk of age, hIL8+ mice spent less time in locomotion 
than their littermate controls (n = 35 and 33, respectively; P 
= 0.001). Male hIL8+ mice spent less time in locomotion than 
male controls (n = 18 and 17, respectively; P = 0.001), whereas 
time spent in locomotion did not differ significantly between 
female hIL8+ and control mice (n = 17 and 16, respectively; 
P = 0.6133). Furthermore, male hIL8+ mice spent less time 

Figure 4. Nesting in human IL8-expressing (hIL8+) and control littermates. (A) Nesting score 5. (B) Nesting score 1. (C) All scores (mean ± 1 SD) 
at 28 wk of age. †, P ≤ 0.01.

Table 2. Mouse body weight, spleen weight, liver weight, and body temperature.

Body (g) Spleen (g) Liver (g) Temperature (°C)

hIL8+ 28.10 ± 0.80 0.092 ± 0.006 1.365 ± 0.044 37.68 ± 0.10
Control 23.61 ± 0.80 0.082 ± 0.003 1.272 ± 0.077 37.67 ± 0.11
P 0.2807 0.1466 0.1490 0.9128

Data are given as mean ± SEM (n = 6 male mice per group).
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mice in locomotion than female hIL8+ mice (n = 18 and 17; P 
< 0.001). Similarly, male control mice spent less time in loco-
motion than female control mice (n = 17 and 16; P = 0.0001; 
Figure 5, middle panel).

HIL8+ mice spent more time eating than controls (n = 35 and 
33, respectively; P = 0.0214). However, when comparing time 
spent eating between male hIL8+ mice and male controls (n = 18 
and 17, respectively) or female hIL8+ mice and female controls 
(n = 17 and 16, respectively), the differences were not statisti-
cally significant (Figure 5, lower panel).

In contrast to eating, hIL8+ mice spent less time drinking 
than controls (n = 35 and 33, respectively; P = 0.0215). How-
ever, when comparing time spent drinking between male hIL8+ 
mice and male controls (n = 18 and 17) or female hIL8+ mice 
and female controls (n = 17 and 16), there was no statistically 

significant difference. The amount of food and water consumed 
was not measured.

Distance and speed of travel. At 28 wk of age, hIL8+ mice trav-
eled a shorter distance during the 16-h observation period than 
their control littermates (n = 35 and 33, respectively; P = 0.0093). 
In particular, male hIL8+ mice traveled less distance than con-
trols of the same sex (n = 18 and 17, respectively; P < 0.001), 
whereas female hIL8+ mice traveled a similar distance as female 
controls (n = 17 and 16, respectively; P = 0.8394). Furthermore, 
male hIL8+ mice traveled a shorter distance than female hIL8+ 
mice (n = 18 and 17, respectively; P < 0.0001), and male control 
mice traveled a shorter distance than female control mice (n = 17 
and 16, respectively; P = 0.0079; Figure 6, upper panel).

Over the 16-h observation period, hIL8+ mice traveled at 
lower average and maximal speeds than their littermate controls 

Figure 5. Total time (s) spent immobile, in locomotion, and eating overnight. *, P < 0.05; †, P < 0.01.
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(n = 35 and 33, respectively; P = 0.0013 and 0.0136, respectively). 
In particular, male IL8+ mice traveled at lower average and max-
imal speeds than male controls (n = 18 and 17, respectively; P = 
0.0089 and 0.0208 respectively), whereas female hIL8+ mice trav-
eled at similar average and maximal speeds as female controls 
(n = 17 and 16, respectively; P = 0.4419 and 0.1916, respectively; 
Figure 6, middle and lower panels). In summary, hIL8+ mice 
traveled shorter distances at slower speeds than their hIL8– con-
trols, and this phenomenon is particularly evident in male mice.

Time spent climbing showed no difference between hIL8+ 
mice and their littermate controls (n = 35 or 33, respectively; 
P = 0.3686) or between male hIL8+ and male control mice (n 
= 18 and 17, respectively; P = 1.0000). Female IL8+ and female 
control mice spent similar amounts of time in climbing (n = 17 
and 16, respectively; P = 0.5812). Female hIL8+ mice spent more 
time climbing than males of the same genotype (n = 17 and 18, 
respectively; P < 0.0001). Similarly, female control mice spent 
more time climbing than male controls (n = 16 and 17, respec-
tively; P < 0.0001). Time spent rearing or grooming did not differ 

between hIL8+ mice of both sexes and control mice. In summary, 
compared with control mice, hIL8+ mice spent more time im-
mobile and eating and less time in locomotion and drinking. 
These behavioral differences were more apparent in male than 
in female mice.

Histologic features of IVD, knee joint, spleen, and liver. At 
the end of the study, mice (age, 28 wk) were euthanized, and 
histologic features of the IVDs and knee joints were evaluated 
as described previously.26 We found no significant differences 
in histologic features of lumbar spine IVD and knee joints be-
tween hIL8+ mice and controls, nor did we find an increase in 
leukocyte infiltration into the IVD or joint tissues (n = 7 per 
group, Figures 7 and 8). In addition, routine histologic exami-
nation of the spleen did not reveal any significant differences 
between hIL8+ and control littermates (n = 6 mice/group). In-
flammatory cell infiltrations were present in the livers of hIL8+ 
mice but not control mice (n = 6 mice per group).

Figure 6. Distance traveled (m), average speed (mm/s), and maximal speed (mm/s) overnight. *, P < 0.05; †, P < 0.01.
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Discussion
The findings presented here are the first description of the 

effects of hIL8 on mouse activity and function. We previously 
found IL8 in IVD tissues from a patient with back pain and fur-
ther showed that cultured cells isolated from human IVD pro-
duced massive amounts of IL8 in response to inflammation.31 
To examine the effects of high hIL8 levels in a rodent model, we 
established an hIL8-transgenic mouse line. By breeding the hIL-
8Trasgenic line with GDF5Cre-recombinase-expressing mice, 
hIL8 gene expression was activated in the tissues that expressed 
GDF5, including IVD and synovial joints.5,13 Our data show that 
nest-making is impaired in both male and female IL8+ mice 
compared with littermate controls; the deficit is greater in male 
than in female mice. Furthermore, IL8+ mice tend to eat more 
and walk less than littermate controls.

The total lymphocyte percentage was higher in hIL8+ mice 
than their control littermates, but total WBC, neutrophil, and 
lymphocyte counts did not differ significantly between the 2 
types of mice (F). We did not find leukocyte infiltration in IVD 
or synovial joint of hIL8+ mice (Figures 7 and 8). Our findings 
are consistent with the impaired migration of neutrophils into 
the inflamed peritoneal cavity of hIL8+ mouse.23 In addition, 
routine histologic examination of spleen did not reveal any sig-
nificant differences between hIL8+ and control littermates, and 
only mild inflammatory cell infiltrations in the liver of hIL8+ 
mice were present.

Elevated systemic inflammation in patients with back pain, 
including elevated levels of cytokines and chemokines in serum, 
has been described.24,28,29 In the current study, we likewise found 
elevated levels of hIL8 in the serum of hIL8+ mice. Our findings 
of mouse behavior in the hIL8 expression model bear similarity 

Figure 7. No differences in histologic features of lumbar intervertebral discs (IVD) between (A, C, and E) human IL8-express-
ing (hIL8+) and (B, D, and F) control mice. Sagittal sections of IVD were stained with hematoxylin and eosin; C and D show 
nucleus pulposus, magnified from yellow squares in panels A and B, respectively; E and F show annulus fibrosus, magnified 
from green squares in images A and B, respectively. Scale bars, 200 µm (A and B); 50 µm (C through F).
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to those of human patients with chronic inflammation or pain, 
in that such patients tend to be less active and eat more. Further 
work on the mouse brain will help to differentiate whether these 
behavioral deficits are due to depression-like mechanisms or to 
back or joint pain. However, we did not find any correlation be-
tween levels of serum IL8 and severity of behavior changes. The 
measurement was performed only once, at the end of the study, 
because we had to use cardiocentesis to collect sufficient serum 
for testing. We are currently developing a microchip to measure 
hIL8 levels in vivo in order to record potential fluctuations in 
hIL8 levels. This method will enhance our understanding of the 
relationship between hIL8 level and mouse behavior in future 
experiments.

Despite spending more time eating, IL8+ mice did not weigh 
more than their littermate controls (Table 2); despite spending 

more time eating, IL8+ mice may not have consumed extra 
enough food to cause a difference in weight. IL8+ mice also 
spent less time drinking water, which raises the possibility of 
dehydration. A detailed tracking of food and water consump-
tion is needed in the future. The measurement of metabolic rate 
is clearly another important issue for the future. Changes be-
tween hIL8+ and control littermates were more pronounces at 
28 wk of age than at earlier time points (data not shown). Body 
mass (i.e., amount of adipose tissue) changes with aging, poten-
tially affecting the results.

In one study, mice that conditionally expressed hIL8 after 
birth had increased mobilization of immature myeloid cells to 
local inflammatory sites and accelerated carcinogenesis.1 The 
hIL8 expression model in that work1 was generated by using 
a bacterial artificial chromosome encompassing the entire hIL8 

Figure 8. No differences in histologic features of knee joints between (A, C, and E) human IL8-expressing (hIL8+) and (B, D, and F) control 
mice. Sagittal sections of knee joints were stained with hematoxylin and eosin; C and D show knee articular cartilage and meniscus tissues, 
magnified from yellow squares in panels A and B, respectively; E and F show synovial tissues, magnified from green squares in panels A and 
B, respectively. Scale bars, 200 µm (A and B), 50 µm (C through F).
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gene and various regulatory elements, thus allowing induc-
tion of hIL8 with a local pathophysiological stimulus, such as 
azoxymethane, in the gastrointestinal tract; that model could 
be useful to model musculoskeletal inflammation as well. In 
another study using hIL8 expression in the liver, hIL8 substan-
tially limited hepatic apoptosis, reduced liver hemorrhage, and 
prolonged survival in mice treated with galactosamine and en-
dotoxin.10 These findings suggest that hIL8 expression locally 
and systemically results in a variety of effects, in addition to 
leukocyte trafficking.

In summary, we have generated a mouse model that condi-
tionally expresses hIL8 to investigate the effects of this expres-
sion in behavior. We have shown that nest-making is impaired 
in hIL8+ mice compared with littermate controls. Furthermore, 
hIL8+ mice tend to eat more and walk less than littermate con-
trols, reminiscent of depression symptoms in humans with 
chronic back or joint pain. The mechanisms underlying IL8-
associated behavioral changes are still unclear. In the future, we 
will examine various tissues, including brain, to differentiate 
central and peripheral mechanisms of functional deficits and 
altered behaviors.
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