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Objective: To examine the effects of human interleukin (IL) 8 expression on mouse behavior.
Methods: A mouse line expressing human IL8 in the intervertebral discs (IVD) and cartilaginous tissues (hIL8+) was generated.
Mouse spontaneous behaviors, including locomotion, climbing, rearing, grooming, eating, drinking, and immobility were recorded
with a fully automatic, non-invasive platform.
Results: Distance traveled by the hIL8+ mice declined with age compared with control littermates, and male hIL8+ mice traveled
a shorter distance than male controls and females of either genotype (p <0.05). The hIL8+ mice also spent less time in locomotion than
control mice (p <0.01), and male hIL8+ mice spent the least amount of time and had lowest count in locomotion compared with the
other 3 groups at 12 weeks of age or greater (p <0.05). The hIL8+ mice spent less time climbing than controls, and male mice spent
less time climbing than female mice of the same genotype (p <0.01). The hIL8+ mice spent more time eating and less time drinking
than controls, and all mice spent less time eating and more time drinking with increasing age. Finally, hIL8+ mice spent more time
immobile than controls, and male hIL8+ mice spent more time immobile than any other group (p <0.05).
Conclusion: The hIL8+ mice, especially hIL8+ males, showed reduced ambulation and climbing. Mice showed age-related decrease
in eating and increase in drinking and grooming time that was also influenced by expression of hIL8. These changes in natural
behaviors in control mice are consistent with functional decline with age. Effects of hIL8 superimposed on the natural aging process
could involve systemic (e.g., on the brain) and local (e.g., in the spine and joint tissues) mechanisms. Future exploration of these
mechanisms might be productive.
Keywords: interleukin (IL) 8, mouse, behavior, age, decline

Introduction
Patients with chronic pain often withdraw from activities, use pain medication, and display pain-related body postures
and facial expressions. These behaviors are collectively described as “pain behavior”, which can be disruptive to work
and social functions. Cytokines/chemokines in both neural and non-neural elements of the nervous system play crucial
roles in the pathophysiology of chronic pain.1 Therefore, examining pain behaviors in the context of disc, joint and brain
inflammation with elevated circulating chemokines is clinically relevant.

Chronic lower back and joint pain related to intervertebral disc (IVD) and articular cartilage degeneration are major
socioeconomic problems, and they often coexist.2 Proinflammatory mediators including interleukin (IL) 8 were found
elevated in IVD from patients with back pain,3,4 suggesting that these factors may play a role in the genesis of such pain.
Patients with chronic pain are often depressed and demotivated.5 Decreased motivation has been elicited in mouse models of
chronic pain, via galanin receptor 1-triggered depression of excitatory synaptic transmission in an indirect pathway involving
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nucleus accumbens medium spiny neurons.6 These findings suggest that the impacts of spinal and joint pain extend far beyond
local inflammation.

Human IL8 is barely detectable in healthy tissues. But it is rapidly induced by IL1a in cultured human IVD cells,3

prompting further study of this chemokine. The murine homolog of IL8, CXCL1, is induced by injury in the mouse
IVD,7,8 further confirming its significance in the injury-inflammation-repair responses.

IL8, also known as CXCL8, has been implicated in neutrophil and T-cell migration.9 In humans, IL8 binds to IL8
receptors (IL8RA and B).10 Although rodents lack IL8 receptors, human IL8 can bind to rodent receptors for similar
chemokines (CXCR1/2).11,12 For example, hIL8 induces murine corneal ulcer formation.13 To examine the systemic
effects of elevated hIL8 in the mouse, a transgenic line with the hIL8 gene inserted into its genome using the Cre-Lox
system has been created.14 The hIL8 transgenic mouse line was bred with a mouse line expressing Cre recombinase
under the control of the promoter for growth differentiation factor (GDF)5, which is active in both the IVD and articular
joint tissues,15–18 the two tissues in which we were interested since they are related to back pain and osteoarthritis. The
GDF5Cre drives the expression of hIL8 in both IVD and articular cartilage (hIL8/GDF5Cre mice, abbreviated here as
hIL8+). The hIL8 protein has been detected in the serum of hIL8+ mice.14 Given that patients with discogenic pain
usually have osteoarthritis, this system is relevant to the human disease.

Previously, as a preliminary effort to investigate the relationship between chemokines and mouse nest-making and
other natural behaviors, these were measured at 28 weeks of age.14 At this age, both male and female hIL8+ mice showed
reduced nesting scores, spent more time immobile and eating and traveled a shorter distance compared with their hIL8−

littermates (controls).14 In the current study, we further examined the natural behaviors of hIL8+ mice from 8 weeks to 28
weeks of age, and observed their functional maturity and decline over time.

Materials and Methods
Mice
A total of 24 mice, mixed male and female, were used in this study. Mice were housed (maximum, 5 per cage) under
specific pathogen-free (SPF) conditions and are tested for pathogens quarterly. Mice were fed PicoLab diet 5053
(LabDiet, Fort Worth, TX) without restriction and provided with acidified bottled water and environmental enrichment
(Nestlets, Ancare, Bellmore, NY; and Mouse Igloo Rodent Enrichment Device, Fisher Scientific, Hampton, NH). The
mice were maintained on a 12:12-h light: dark cycle as described by Brent et al.14

Generation of Transgenic Mice
To construct the expression cassette, hIL8 cDNA, synthesized from cultured human annulus fibrosus (AF) cells
stimulated with IL1a,3 was inserted into the pCALL2 plasmid (Miami Mice Research, USA). The human AF cells
were isolated from deceased human cadaveric donors through Gift of Hope Organ and Tissue Donor Network (Itasca,
IL). Use of tissues from deceased donors is exempt from Institutional Review Board approval, as confirmed by Rush
University Medical Center (Chicago, IL). Genotyping was conducted using a nested primer pair (forward, 5ʹTGG AAA
GGT TTG GAG TAT GTC TTT A3’; reverse, 5ʹCAG CCT TCC TGATTT CTG CA3’; sequence based on Ensembl),19

with an annealing temperature of 56 °C. One founder pCALL2-hIL8 transgenic mouse expressing hIL8 at the highest
level was bred with a C57BL/6J mouse (Jackson Laboratories, Bar Harbor, ME), followed by sibling-to-sibling
inbreeding for at least 7 generations before use in experiments. The Cre-inducible pCALL2-hIL8 transgenic mouse
line is available from the Jackson Laboratory as JAX no. 035378.14 A mouse line expressing Cre-recombinase under the
control of the GDF5 promoter was generously provided by Dr. David Kingsley at Stanford University.15,20 The hIL8
transgenic mice were bred with GDF5Cre mice to conditionally express the transgene in GDF5-expressing tissues.
Human IL8 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. All adult mice resulting from the breeding
were used in the study of natural behaviors.
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Confirmation of hIL8 Gene Expression in Various Tissues with Quantitative Real-Time
PCR
Nucleus pulposus (NP), AF, joint articular cartilage (AC), meniscus, Achilles tendon and brain tissues from 5-week-old
mice were isolated under a dissecting microscope (VistaVision, VWR International, Radnor, PA). Specifically, NP and
AF of 4 coccygeal IVDs (C4/5-C7/8) were pooled; cerebral cortex, articular cartilage from the femoral aspects of one
knee joint of hindlimb, and the midportion of one hindlimb Achilles tendon were isolated. The isolated tissues were
soaked in RNALater (Ambion, Foster City, CA) overnight, and stored at −80°C until extraction. RNAwas extracted and
further purified using a RNeasy Micro Kit (Qiagen) as described by Tian et al.7 RNA concentration was determined and
cDNA was synthesized using a SuperScript VILO cDNA synthesis kit (Life Technologies, Carlsbad, CA) containing
random hexamers and added polyDT primers (Invitrogen, Carlsbad, CA). Primers for real-time PCR were identical to the
primer pair for genotyping specified above. For each PCR reaction, cDNA, SYBR Select master mix (Life Technologies,
Carlsbad, CA), and primers (working concentration 0.5 μM) were mixed, and run in a ViiA7 real-time PCR system
(Applied Biosystems, Foster City, CA) using the following program: (1) 50°C for 2 min, (2) 95°C for 2 min, (3) 95°C for
15 seconds, (4) 58°C for 1 min, (5) repeat steps 3 and 4 a total of 40 times. Single products were confirmed by
determining melting curves at the conclusion of the reaction as described by Zhang et al.21

Assessment of Spontaneous Behavior
Each mouse was examined once at each time point (8, 12, 16, 20, 24, and 28 weeks of age). Natural behaviors of hIL8+

mice and their control littermates were recorded overnight (for 16 hours) with the LABORAS (laboratory animal
behavior observation, registration and analysis system) platform (Metris, Best, the Netherlands),22 a fully automatic
and non-invasive system for recording spontaneous behaviors, including climbing, grooming, eating, drinking, rearing,
and resting. Climbing (hanging from a wire cage) and rearing (standing on hind legs) were assessed by a validated
algorithm (software provided by Metris). Specifically, all 24 mice completed the study, with behaviors at all 6 time points
recorded longitudinally, at 8, 12, 16, 20, 24, and 28 weeks of age. At the time of recording, each mouse occupied a single
cage, and as many as 6 animals were examined at each time point. Specifically, each mouse was tested for 16 hours,
between 1700 and 0900. Time spent in each activity and the distance traveled during the 16-hour observation period were
summed, and speeds of ambulation were averaged. The natural behavior at 28 weeks of age was analyzed further by
using MATLAB software (MathWorks, Natick, MA).

Statistics
The large dataset on natural behaviors was collected using the LABORAS platform. Time spent in each activity and
distance traveled during the 16-hour observation period were summed, and speed of ambulation was averaged, and
further organized with MATLAB software (MathWorks, Natick, Massachusetts). The 95% confidence intervals (CIs)
(upper–lower limit) for all the outcome variables are shown as error bars in the line graphs (Figures 1–6). To compare the
differences between hIL8+ and control mice in each activity (e.g., distance traveled overnight, average speed), three-
factor ANOVA in repeated measures was used, where type of mouse and sex were grouping factors and time was the
repeated measure. To adjust for multiple comparisons, post-hoc Tukey-Kramer tests were performed to examine sex- or
mouse type-associated differences within each time period. A p value of less than 0.05 was considered statistically
significant. All analyses were performed using SAS statistical software (version 9.4, SAS Institute, Cary, NC). The
graphs were generated using GraphPad Prism version 9.12 for Windows (GraphPad Software, La Jolla, CA).

Results
All mice concluded the studies without any dropouts, because the natural behavior study was non-invasive and therefore
well tolerated.
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Distance Traveled and Maximal Speed
Overall, hIL8+mice traveled a shorter distance than their control littermates (mean ± 95%CI = 10.7±1.1 m/h vs 12.5±1.1 m/h;
n = 12 mice/group; p = 0.03). The hIL8+mice showed an age-related decline in distance traveled (n = 12, p = 0.02; Figure 1A).

Mice were further divided by sex: hIL8+ males (n = 7), hIL8+ females (n = 5), control males (n = 6), and control
females (n = 6). Among these, hIL8+ male mice show the most evident age-related decline in distance traveled, from
11.9±1.4 m/h to 5.6±1.4 m/h between 8 weeks and 28 weeks of age (p <0.01). Consistent with a report by Brent
et al.,14 at 28 weeks of age, hIL8+ males traveled a shorter distance than control males, hIL8+ females, or control
females (5.6±1.4, 10.1±1.5, 12.9±1.7, and 12.6±1.5 m/h, respectively); hIL8+ males also showed a significant decline
with age (p <0.01). Interestingly, control females traveled further than control males at 16–20 weeks of age (p<0.05;
Figure 1B).

The hIL8+ mice traveled at a slower maximal speed at age 28 weeks compared with age 12 weeks (mean ± 95% CI =
160.3±13.1 mm/s and 187.4±13.1 mm/s, n = 12, p <0.05). In comparison, maximal speed did not decline significantly in
WT controls (n = 12, p >0.05; Figure 1C). The age-related declines in maximum speed among the four subgroups were
not statistically significant at any time point (p >0.05; Figure 1D).

Locomotion
The hIL8+ mice spent significantly less time in locomotion than their control littermates (mean ± 95% CI = 166.8±23.8
seconds/hour (s/h) and 229.1±23.3 s/h, n = 12 mice/group; p <0.01). Interestingly, control mice spent more time in
locomotion at 12 weeks of age than the same cohort at age 8 weeks (251.4±30.7 s/h and 200.7±20.8 s/h, respectively;
p = 0.04), which may represent growth and maturity. However, this peak in locomotion at 12 weeks of age was not observed
in the hIL8+ mice (p >0.05; Figure 2A). Male hIL8+ mice spent less time in locomotion than control males at 12 and 28
weeks of age (142.6±27.1 vs 178.3±29.3 s/h, and 109.5±27.2 vs 216.0±29.3 s/h; p <0.05 or 0.01) and hIL8+ females (n = 7

Figure 1 Distance traveled and maximum speed during locomotion. (A and B) Comparison of distance traveled between hIL8+ and control mice, and hIL8+ and control mice
of different sexes; (C and D) comparison of maximum speed between the 2 mouse types and mice of different sexes. Values: mean ± 95% confidence intervals; ##: p <0.01
when comparing values within the same cohort over age; **: p <0.01 when comparing values between different cohorts at a single age.
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and 5 mice/group, p <0.01). The differences between hIL8+ and control females are significant at the 12-week time point
only (141.7±27.1 vs 277.0±29.3 s/h, p = 0.01; Figure 2B).

The pattern of counts in locomotion bears striking similarities to that of time spent in locomotion. Overall, hIL8+

mice walked/ran less frequently than their control littermates (234.7±31.4 vs 314.1±30.9 counts, p<0.01). The hIL8+

moved less frequently than controls at 12 and 20–28 weeks of age (n = 12 mice/group, p <0.01; Figure 2C). Male
hIL8+ mice had the lowest counts in locomotion compared with any other group at 12, 24, and 28 weeks of age
(n = 5–7 mice/group; p <0.05; Figure 2D).

Climbing
Time spent climbing peaked at 12 weeks of age for control mice, more than the same cohort of mice at 8 or 28 weeks of
age (295.9±35.6 vs 196.1±35.5 or 145.2±35.5 s/h; n = 12, p <0.01). The hIL8+ mice did not show this peak activity as
12-week young adults, in contrast to their control littermates (n = 12 mice/group; p >0.05). Accordingly, hIL8+ mice
spent less time climbing than control littermates at 12 weeks of age (206.8±36.0 and 295.9±35.6 s/h; p = 0.03;
Figure 3A). Control females spent more time climbing than hIL8+ females or males of either genotype at 12 weeks of
age (n = 5–7 mice/group; p <0.01). Control females also spent more time climbing than control males at 8, 16, 24, and 28
weeks of age (n = 6 mice/group; p <0.01). Interestingly, control males and hIL8+ males spent a similar amount of time
climbing (n = 6 and 7 mice/group, p >0.05; Figure 3B).

Climbing counts in control mice peaked at 12 weeks of age, higher than for the same cohort at 8 or 28 weeks of age
(12.5±1.6 vs 7.8±1.6 or 7.3±1.6 counts; n = 12, p <0.01). However, this peak is visibly absent in the hIL8+ group (n = 12,
p >0.05). Accordingly, hIL8+ mice climbed significantly less frequently than their control littermates at 12 weeks of age
(6.6±1.6 counts and 12.5±1.6 counts, respectively; p <0.01; Figure 3C). At 12 weeks of age, control females spent more
time climbing than any other group (hIL8+ females, control males, or hIL8+ males) (n = 5–7 mice/group, p <0.01).
Interestingly, control females climbed more frequently than control males at ages 12 weeks and older (n = 6 mice/group;
p <0.01), although climbing frequency in male controls and male hIL8+ mice was similar (n = 6 and 7 mice/group;
p >0.05; Figure 3D).

Figure 2 Time spent on locomotion and counts in locomotion. (A and B) Comparison of time spent in locomotion between hIL8+ and control mice, and hIL8+ and control
mice of different sexes; (C and D) comparison of locomotion counts between the 2 mouse types, and mice of different sexes. Values: mean ± 95% confidence intervals; #:
p <0.05 when comparing values within the same cohort over age; **or *: p <0.01 or p <0.05, respectively, when comparing values between different cohorts at a single age.
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Rearing
There were no statistically significant differences in time spent rearing between mice of the two genotypes or sexes
(p >0.05, Figure 4A and B). The hIL8+ mice reared less frequently (counts) than controls at 12 weeks of age (45.2
±5.3 vs 55.5±5.3; n = 12/group, p <0.01; Figure 4C). Female hIL8+ mice reared less frequently than female controls
at 12 weeks of age (38.4±9.5 vs 70.98.6 counts; n = 5 and 6, respectively; p <0.01). There were no statistically
significant differences between hIL8+ and control males (n = 7 and 6 mice/group, respectively; p >0.05, Figure 4D).

Eating and Drinking
Time spent eating decreased progressively with age for both the hIL8+ and control mice (hIL8+ at 8 and 28 weeks of age:
284.8±31.1 and 171.4± 31.1 s; controls at 8 and 28 weeks of age: 238.1±30.7 and 146.1±30.6 s; n = 12 mice/group;
p <0.01; Figure 5A). The hIL8+ mice spent more time eating than their littermate controls at 16 and 24 weeks of age (n =
12 mice/group; p <0.05). Male hIL8+ mice spent more time eating than controls at age 16 weeks (n = 7 and 6,
respectively; p = 0.036; Figure 5B).

Control mice spent increased time drinking with age (8 and 28 weeks of age: 4.9±4.4 and 25.2±4.4 s/h; n = 12;
p <0.01), and a similar trend existed for hIL8+ mice, although not statistically significant (n = 12 mice; p >0.05).
The hIL8+ mice spent less time drinking than their littermate controls at 28 weeks of age (12.0±4.5 vs 25.2±4.4 s/h,
p <0.01; Figure 5C). Male hIL8+ mice spent less time drinking than male littermate controls at 28 weeks of age (n =
7 and 6 mice/group, respectively; p <0.01); this is consistent with findings by Brent et al.14 Both male and female
controls spent more time drinking at 28 weeks than at 8 weeks of age (n = 6/group, p <0.01 and p <0.05,
respectively; Figure 5D).

Figure 3 Time spent on climbing and climbing counts. (A and B) Comparison of time spent on climbing between hIL8+ and control mice, and hIL8+ and control mice of
different sexes; (C and D) comparison of climbing counts between the 2 mouse types, and mice of different sexes. Values: mean ± 95% confidence intervals; ## p <0.01
when comparing values within the same cohort over age; **or *: p <0.01 or p <0.05, respectively, when comparing values between different cohorts at a single age.
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Figure 4 Time spent in rearing and rearing counts. (A and B) Comparison of time spent on rearing between hIL8+ and control mice, and hIL8+ and control mice of different
sexes; (C and D) comparison of rearing counts between the 2 mouse types, and mice of different sexes. Values: mean ± 95% confidence intervals; **: p <0.01 when
comparing values between different cohorts at a single age.

Figure 5 Time spent in eating and drinking. (A and B) Comparison of time spent on eating between hIL8+ and control mice, and hIL8+ and control mice of different sexes;
(C andD) comparison of time spent on drinking between the 2 mouse types and mice of different sexes. Values: mean ± 95% confidence intervals; ## or #: p <0.01 or p <0.05,
respectively, when comparing values within the same cohort over age; **or *: p <0.01 or p <0.05, respectively, when comparing values between different cohorts at a single age.
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Grooming
Control mice spent more time grooming at 28 weeks of age than at 8 weeks of age (343.8±39.7 and 214.5±39.8 s/h,
respectively; n = 12, p <0.01). The hIL8+ mice showed a similar trend, but the difference was not statistically significant
(n = 12, p = 0.29; Figure 6A). When separating the mice by sex, no statistically significant differences in grooming time
were found (n = 5–7 mice/group, p >0.05; Figure 6B). However, no excessive hair loss was noticed with increasing age.

Immobility
The hIL8+ mice spent more time immobile than controls (1452.9±98.6 vs 1226.6±97.2 s/h; n = 12 mice/group; p <0.01;
Figure 6C). At 28 weeks of age, hIL8+ males spent the most time in immobility of any group, i.e., more than control
males, and hIL8+ and control females (n = 5–7 mice/group; p <0.05; Figure 6D).

Discussion
The hIL8+ mice were generated to express human IL8 in the IVD and articular cartilage. Expression of the hIL8 gene has
been confirmed in the intervertebral disc (IVD), joint, and brain tissues in hIL8+mice, and is absent in the control littermates
(n = 3 hIL8+ and control littermate pairs; Figure S1). The hIL8 protein has been detected in the serum of these mice,
potentially affecting the brain as well as spinal and joint tissues.14 Reduced activity and nest-making impairment have been
shown in both male and female hIL8+ mice compared with littermate controls at 28 weeks of age.14 Findings presented here
are a natural extension from that previous study, describing the effects of hIL8 on mouse activity from young adulthood (8–
12 weeks of age) to 28 weeks. Multiple cytokines/chemokines have been found in IVD tissues3,23,24 and serum25,26 of
patients with back pain.4 Among the cytokines/chemokines found in the painful human IVD tissues, the IL8 gene expression
and protein production showed highest magnitude of elevation in response to inflammation.3 Therefore, the hIL8-expressing
mouse line was generated to observe any consequent behaviors. Intriguingly, these mice exhibit some of the behavioral

Figure 6 Time spent grooming and immobile. (A and B) Comparison of time spent on grooming between hIL8+ and control mice, and hIL8+ and control mice of different
sexes; (C and D) comparison of time spent immobile between the 2 mouse types, and mice of different sexes. Values: mean ± 95% confidence intervals; ##: p <0.01 when
comparing values within the same cohort over age; **or *: p <0.01 or p <0.05, respectively, when comparing values between different cohorts at a single age.
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characteristics observed in human patients (e.g., reduced voluntary activities). The impacts on behavior by other cytokines/
chemokines found in patients with back pain and arthritis such as IL6 are worth investigating in the future.

With increasing age, hIL8+ mice traveled shorter distances at slower maximal speed. The hIL8+ mice spent less time
in locomotion than controls, and most of the differences could be accounted for by less travel frequency. This
phenomenon was more pronounced in the male than in female hIL8+ mice. Male hIL8+ mice also spent the longest
time immobile compared with any other group (female hIL8+, male and female controls). Human IL8 is expressed in
hIL8+ mice, which binds to the mouse receptors CXCR1/2.11 Human IL8 is found in serum of hIL8+ mice,14 in addition
to expression in disc and cartilaginous tissues. Therefore, systemic effects of this chemokine are likely. One limitation is
that we cannot attribute the change in behavior specifically to joint/back pain with the existing data. The GDF5-Cre
drives the hIL8 gene expression in IVD, joint, and brain tissues. The hIL8 in any of these tissues could contribute to the
behavior changes observed in mice. In addition, the human IL8 protein has been secreted into the blood, as shown in the
serum by ELISA.14 Since cytokines/chemokines are found in human patients with back and joint pain, the fact that hIL8+

mouse IVD, joint, and brain expressed the hIL8 gene may be relevant to at least a subset of patients. Time spent rearing
did not differ significantly between the hIL8+ and littermate control mice, but the hIL8+ mice made fewer attempts to rear
(rearing counts) than littermate control mice. The mechanism of reduced rearing count in the IL8+ mice could be back/
joint pain, since these mice expressed human IL8 in the spine and knee joints, which may cause pain. Alternatively, loss
of motivation may contribute to the reduced rearing counts. Importantly, peripheral inflammation has been shown to
affect the central nervous system.27 The Quan group has shown that Interleukin (IL) 1 receptor 3 mediates IL1-induced
potassium current increase through fast activation of Akt kinase,28 which may help in explaining “sickness behavior”.29

The behavioral changes in the hIL8+ mice presented here could be mediated by a combination of peripheral (spine and
joint inflammation) and central nervous system mediated mechanisms. Future experiments expressing hIL8 specifically
in the IVD or joint tissues, and measurements of local mechanical sensitivities with the Von Frey filament may help to
tease out the contributions of peripheral tissues and the central nervous system to pain behaviors, and will be explored in
future studies.

Likewise, climbing activity followed similar trends to that seen in travel and rearing in strain, age, and sex-related
differences. Laboratory mice in standard laboratory cages spontaneously display cage-grid climbing as one of the major
components of spontaneous home-cage behavior.30 Climbing time and counts peaked at 12 weeks of age for control
mice, but this peak was not evident in the hIL8+ mice. Both the hIL8+ and control female mice spent more time climbing
than males of the same genotypes. Sex-related differences in activities observed are consistent with a recent publication
that described female C57BL mice traveling significantly longer distances (by 30%), and showing greater grid-climbing
activity (by 50%) than males.31 Estrous cycle is known to affect behaviors of female mice.32 The estrous cycle was not
recorded in the current study, and might be an important direction for future research.

Both IL8+ and littermate control mice spent less time eating as their ages increased from 8 weeks to 28 weeks. This
may reflect, in part, lower energy needed in the aging mice. Time spent eating at 16 and 24 weeks of age was greater in
the hIL8+ mice than in littermate controls, but the mouse weight was not significantly different. Mice spent more time
drinking with increased age, and IL8+ mice spent less time drinking than littermate controls at the 28-week time point.
Eating and drinking are reported to correlate with cytokine/chemokine levels in the intestinal tract in the mouse colitis
model.33 Both activities required that the mice stand up in order to reach the food and water, and may therefore be
influenced by pain in the spine/joints. As reported previously, male mice were heavier than females for mice of both
genotypes, but there was no significant difference in the weights between hIL8+ and control mice at 28 weeks of age.14

The body weight reflects food intake and energy expenditure. We did not record food and water consumption, which
would be important measures to document in the future.

Over-grooming (excessive hair loss) in either hIL8+ or control mice has not been observed, although grooming
activity increased in the control mice with increasing age, with a similar trend in the hIL8+ mice. Both hormonal status
and age could influence rodent anxiety-like behavior including over-grooming.34–36 Although the hIL8+ and control mice
spent a similar amount of time grooming, the hIL8+ mice built worse nests than control mice,14 suggesting that these
behaviors reflect related yet separate functions.
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It is well known that disc degeneration is poorly correlated with inflammation/pain in human patients.37,38 As
mechanisms leading to tissue degeneration and inflammation/pain may be distinct, it is not surprising that no
significant differences in histological features of IVD and joint tissues were detected between the hIL8+ mice and
their control littermates at 28 weeks of age.14 Similar to our findings, transgenic mice expressing human TNFα did
not show overt IVD degeneration, although they experienced early onset spontaneous disc herniation.39 Furthermore,
in a mouse line with ADAM8 (ADAM Metallopeptidase Domain 8) inactivated, there is elevated inflammatory gene
expression along with better preserved disc structure.21 Behavioral changes in these mutant mice may be informative.

In a hIL8 conditional expression mouse line, expression of hIL8 after birth in the intestinal tract increased
mobilization of immature myeloid cells to local sites and accelerated carcinogenesis.40 This hIL8 expression model
was generated using a bacterial artificial chromosome encompassing the entire IL8 gene with regulatory elements, thus
allowing induction of hIL8 via a local pathophysiological stimulus such as azoxymethane in the gastrointestinal tract.
This model is advantageous since temporal control of IL8 gene expression can be achieved, while the hIL8+ mouse
used in the present study expressed the gene at inception. In yet another study using human IL8 expression in the liver,
IL8 substantially limited hepatic apoptosis, reduced liver hemorrhage and lengthened survival in mice treated with
galactosamine and endotoxin.41 These findings suggest that hIL8 expression locally and systemically results in
a variety of effects, in addition to influencing leukocyte trafficking. A comparative study of behaviors of mouse
lines with conditional expression of IL8 during different developmental stages and in response to injuries would be
valuable.

In summary, mice expressing the hIL8 gene show changes in natural behaviors compared with littermate controls.
These changes are especially evident in male mice with increasing age. One limitation of this study is that the hIL8 gene
is constitutively expressed in the spine, joint, and brain tissues. Future experiments with more specific tissue expression
at different stages of life would provide detailed information on the mechanisms of behavioral changes. Another future
direction is specific pain-related behavior tests (e.g., Von Frey test) to differentiate central nervous system mediated
behavior changes from spine/joint pain.

Conclusion
Both hIL8+ mice and their control littermates traveled shorter distances, and traveled less frequently at 28 weeks of age
than when they were younger (8–12 weeks). The decline in activities is most evident in the male hIL8+ mice. Mice also
spent less time eating, and more time drinking, grooming and immobile with increased age. These behavior changes in
the hIL8+ mice are reminiscent of human patients with chronic back/joint pain, whose local and systemic inflammation
often coincides with behavioral manifestations. Further studies to differentiate central or peripheral mechanisms of these
changes may shed light on mechanisms of behavioral changes.
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