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Abstract

Spinal cord injury (SCI) elicits chronic pain in 65% of individuals. In addition, SCI afflicts an 

increasing number of aged individuals, and those with SCI are predisposed to shorter lifespan. Our 

group previously identified that deletion of the microRNA miR-155 reduced neuroinflammation 

and locomotor deficits after SCI. Here, we hypothesized that aged mice would be more susceptible 

to pain symptoms and death soon after SCI, and that miR-155 deletion would reduce pain 

symptoms in adult and aged mice and improve survival. Adult (2 month-old) and aged (20 

month-old) female wildtype (WT) and miR-155 knockout (KO) mice received T9 contusion SCI. 

Aged WT mice displayed reduced survival and increased autotomy – a symptom of spontaneous 

pain. In contrast, aged miR-155 KO mice after SCI were less susceptible to death or spontaneous 

pain. Evoked pain symptoms were tested using heat (Hargreaves test) and mechanical (von Frey) 

stimuli. At baseline, aged mice showed heightened heat sensitivity. After SCI, adult and aged 

WT and miR-155 KO mice all exhibited heat and mechanical hypersensitivity at all timepoints. 

miR-155 deletion in adult (but not aged) mice reduced mechanical hypersensitivity at 7 and 14 

d post-SCI. Therefore, aging predisposes mice to SCI-elicited spontaneous pain and expedited 

mortality. miR-155 deletion in adult mice reduces evoked pain symptoms, and miR-155 deletion 
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in aged mice reduces spontaneous pain and expedited mortality post-SCI. This study highlights the 

importance of studying geriatric models of SCI, and that inflammatory mediators such as miR-155 

are promising targets after SCI for improving pain relief and longevity.
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Introduction

Spinal cord injury (SCI) can harm systems throughout the body, causing myriad deleterious 

outcomes including neuropathic pain and reduced lifespan. Neuropathic pain – pain caused 

by nervous system dysfunction – afflicts ~65% of individuals with SCI (Siddall et al., 2003). 

Current first-line SCI pain therapies include pregabalin and gabapentin (Hagen and Rekand, 

2015), which inhibit α2δ calcium channel function to limit synaptic transmission (Taylor et 

al., 2007). Unfortunately, current pain therapies are not always effective and chronic SCI 

pain management requires a multidisciplinary, individually-tailored approach (Finnerup and 

Baastrup, 2012). One potential target for pain management is excess inflammation, which 

persists indefinitely after SCI and worsens damage and deficits (Gaudet and Fonken, 2018). 

Indeed, neuroimmune reactivity far from the injury site amplifies neuropathic pain (Detloff 

et al., 2008). Despite our expanding understanding, no known therapies consistently relieve 

chronic SCI pain.

The average age of individuals sustaining SCI continues to rise – the average age at SCI 

increased from 29 years old in the 1970s to 43 years old since 2015 (NSCISC, 2021). In 

humans, mortality up to one year after SCI is 2–3% in younger adults (<65 years old) vs. 

25–39% in aged persons (>65 years) (Furlan and Fehlings, 2009). Those who experience 

SCI at younger ages also have reduced life expectancy over 40 years post-SCI (Middleton et 

al., 2012). Although healthspan and longevity after SCI are major clinical issues, no known 

studies have addressed whether SCI affects probability of survival in aged rodents.

One potential neuroprotective strategy after SCI is reducing the pro-inflammatory 

microRNA miR-155 (Gaudet et al., 2018). Adult miR-155 knockout (KO) mice after SCI 

have reduced inflammation, and increased axon plasticity, neuroprotection, and locomotor 

recovery (Gaudet et al., 2016b). Aging has deleterious effects on these post-SCI outcomes 

(Geoffroy et al., 2016; Zhang et al., 2015). In addition, miR-155 removal protects against 

cellular senescence (Onodera et al., 2017). Thus, targeting miR-155 is a promising approach 

for ameliorating harmful local and systemic events after SCI, which could ultimately 

improve pain relief and longevity.

Here, we examined how age and miR-155 deletion affect survival and neuropathic pain 

after thoracic contusion SCI. We hypothesized that aged (vs. adult) would display worsened 

SCI-elicited neuropathic pain symptoms. Further, we predicted that miR-155 KO mice with 

SCI would show reduced pain symptoms. We noted that aged mice did not survive as well 

after SCI, which led to novel findings regarding geriatric SCI survival and spontaneous 
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neuropathic pain. Our data reveal that aging and miR-155 deletion influence mouse survival 

and spontaneous and evoked pain symptoms after SCI.

Materials and Methods

Animals: care and surgery

Experiments were approved by University of Colorado Boulder Institutional Animal Care 

and Use Committee (Protocol number 1403.03) and were conducted in accordance with 

ARRIVE guidelines. Mice maintained on a 12:12 light/dark cycle received chow and water 

ad-libitum. Surgeries occurred between Zeitgeber time (ZT)−2 and −11 (ZT0 = lights on). 

WT and miR-155 KO mice were used as adults (2 months old [8–9 weeks]) or aged (20–21 

months old) (mice from Jackson Laboratory and bred in-house: C57BL/6J, stock 000664; 

miR-155 KO, stock 007745). For surgery, mice received isoflurane anesthesia, and aseptic 

T9 laminectomy and moderate-to-severe contusion injury (midline SCI; 75 kDyn, 0 s dwell; 

Infinite Horizon device, Precision Systems and Instrumentation) (Gaudet et al., 2016b). 

To limit confounds with pain testing, analgesics and antibiotics were withheld (Gaudet et 

al., 2017). Mice received subcutaneous Ringer’s solution for 5 days post-operative (dpo), 

and post-SCI bladder voiding twicedaily. End points for euthanasia included excess loss 

of body mass and/or abnormal signs of declining health or discomfort, including excess 

autotomy (criteria: exposed muscle or bone, or expanding/non-healing large skin sores). 

Mice displaying minor autotomy or skin lesions were treated topically with triple antibiotic 

ointment (active ingredients: Bacitracin zinc (400 units/g), Neomycin sulfate (3.5 mg/g), 

Polymyxin B sulfate (5,000 units/g)).

Outcomes and mouse numbers

Adult WT (n = 10), adult miR-155 KO (n = 10), aged WT (n = 9 – originally n = 10, but 

one died during surgery under anesthesia), and aged miR-155 KO (n = 10) female mice 

received SCI (Force [kDyn] and displacement [μm] data: adult WT: 76.8±0.7 kDyn, 607±30 

μm; aged WT: 78±1 kDyn, 630±34 μ m; adult KO: 77.3±0.9 kDyn, 658±46 μm; aged KO: 

77.8±0.8 kDyn, 601±27 μm [one aged-KO data point lost]). Evoked pain symptoms were 

assessed prior to surgery and weekly thereafter. Mouse survival and autotomy was recorded 

to 42 dpo.

Behavioral testing

Neuropathic pain to evoked stimuli was assessed (Gaudet et al., 2017). Mice pre-acclimated 

to von Frey and Hargreaves apparati for 2–3 sessions, then had two pre-surgery tests and 

weekly post-surgery tests. Mice acclimated to their enclosure for 40–60 min prior to each 

test.

Mechanical sensory thresholds were tested using the simplified up-down (SUDO) method 

(Bonin et al., 2014; Gaudet et al., 2017) of von Frey testing which limits mouse stress 

and time out of cage. von Frey filaments (Stoelting) were pressed against the center of the 

plantar surface of the rat hindpaw until the filaments buckled and were held for a maximum 

of 3 s. von Frey testing was completed the day prior to Hargreaves to ensure accurate 

measurements for both tests and to minimize stress.
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Heat sensory thresholds were assessed using the Hargreaves test (Hargreaves et al., 1988). 

An infrared source (intensity of 25) was placed under the center of their hindpaw and 

activated. Latency to nocifensive response was automatically recorded. Testing on left-right 

hindpaws was alternated (three tests per timepoint), separated by 5–10 min. Maximum 

response latency was 25 s.

Statistics

Most data were analyzed (SigmaPlot 13.0; Systat Software) using Student’s t- or non­

parametric Mann-Whitney U test; or ANOVAs (one-, two-way, and/or repeated measure 

ANOVA, as appropriate). Holm-Sidak post-hoc tests were completed for tests involving >2 

groups. For survival curve and autotomy curve analyses, a Kaplan-Meyer (Gehan-Breslow) 

test was completed with Holm-Sidak post-hoc. For categorical analysis of survival and 

autotomy at 42 dpo, three-way contingency tables underwent log-linear chi-square analysis. 

Researchers were blind to experimental group throughout testing. Data were graphed using 

GraphPad Prism. Data were considered significant when p<0.05. Data were plotted as 

mean±SEM.

Results

Aged WT mice are susceptible to death after SCI, whereas aged miR-155 KO mice show 
improved survival

After SCI, aged mice died (or had to be euthanized) at a higher rate: adult and aged 

WT and miR-155 KO mice had significantly different survival curves (Gehan-Breslow 

test; overall difference, p<0.005; WT: adult vs. aged, p<0.05) (Fig. 1a). At 42 dpo, there 

was a significant interaction between age and genotype (log-linear analysis; p<0.01) (Fig. 

1b). High survival rates to 42 dpo were achieved by adult WT (survival: 10/10 mice) 

and adult KO mice (survival: 9/10). In contrast, aged mice showed reduced probability of 

survival across 42 dpo (significant effect of age; p<0.005). Specifically, aged WT mice 

had low survival at 42 dpo (survival: 3/9); whereas aged miR-155 KO mice showed higher 

probability of survival at 42 dpo (survival: 7/10; significant age-genotype interaction) (Fig. 

1b).

Aged mice exhibit spontaneous pain symptoms after SCI that are ameliorated by miR-155 
deletion

Next, we examined the relationship between post-SCI morbidity and mortality, aging, and 

miR-155 deletion. After SCI, several mice exhibited autotomy – “self-severing”, or self­

amputation – which is a symptom of spontaneous pain (Kauppila, 1998; Wall et al., 1979). 

Adult mice exhibited low rates of autotomy or early post-SCI death: one adult miR-155 KO 

mouse was euthanized at 28 dpo due to weight loss and ill health, and one adult WT mouse 

exhibited autotomy onset at 5 dpo but survived through 42 dpo.

Aged mice were more likely to display SCI-induced spontaneous pain symptoms 

(autotomy). Adult and aged WT and miR-155 KO mice had significantly different autotomy 

curves over time (Gehan-Breslow test; overall difference, p<0.001; WT: adult vs. aged, 

p<0.05) (Fig. 1c) and at 42 dpo (significant interaction between age and genotype; log­
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linear analysis; p<0.005) (Fig. 1d). miR-155 KO mice were less susceptible to developing 

autotomy (effect of genotype, p=0.05). 7/9 aged WT mice developed autotomy (average 

onset: 9 dpo; on hind paw/limb [4/7] or lower trunk skin [3/7]) and 6/7 of these reached 

endpoint criteria (average time from autotomy onset to euthanasia: 8 days) (Fig. 1e). In 

contrast, fewer aged miR-155 KO mice developed autotomy (3/10; average onset: 15 dpo); 

these aged KO mice presented with more mild autotomy and all aged KO mice with 

autotomy survived to the experimental endpoint of 42 dpo. The three aged miR-155 KO 

mice that died prior to 42 dpo were found dead in their cages (with no autotomy). Thus, 

aged mice subjected to SCI are susceptible to spontaneous pain and expedited mortality, 

and miR-155 deletion in aged mice ameliorated spontaneous pain symptoms and improved 

probability of surviving to chronic times after SCI.

Baseline heat and mechanical sensitivity: Aging increases sensitivity to heat; miR-155 
deletion has no significant effect on sensory thresholds

Plantar hindpaw sensitivity to heat and mechanical stimuli was assessed using the 

Hargreaves test and von Frey test, respectively. For baseline heat sensitivity (Fig. 2a), aged 

mice (vs. adult mice) had reduced latency to respond (significant effect of age; F1,36=45.017, 

p<0.001). miR-155 deletion had no significant effect on baseline heat sensitivity in adult 

(WT: 12.5±0.3 s, miR-155 KO: 12.1±0.3 s; p>0.05) or aged (WT: 11.0±0.4 s, miR-155 

KO: 11.0±0.4 s; p>0.05) mice. For mechanical sensitivity (Fig. 2d), there was no significant 

effect of age or miR-155 deletion (SUDO thresholds: adult WT: 9.0±0.1, adult miR-155 KO: 

9.0±0.1, aged WT: 8.7±0.2, aged miR-155 KO: 8.8±0.2; p>0.05). Thus, at baseline, aged 

mice show hypersensitivity to heat (but not mechanical) stimuli, and miR-155 deletion does 

not significantly affect sensory thresholds in adult or aged mice.

miR-155 deletion and aging had no significant effect on SCI-elicited heat hypersensitivity

T9 75 kDyn contusion SCI in female mice elicited neuropathic pain symptoms. For heat 

hyperalgesia, adult WT and miR-155 KO mice showed reduced latency to nocifensive 

response at every timepoint examined between 7 dpo and 28 dpo (vs. adult WT or KO 

pre-SCI, respectively; p<0.001 at 7, 14, 21, and 28 dpo) (Fig. 2b). Adult WT and miR-155 

KO heat thresholds were not significantly different at any timepoint (p>0.05).

Both aged WT and miR-155 KO mice with SCI reduced latency to response to heat (main 

effect of dpo; F4,48=21.99, p<0.001), but were not different from one another (no significant 

effect of genotype; p>0.05) (Fig. 2c). Adult and aged WT and miR-155 KO mice showed 

similar latencies throughout the post-SCI period. Thus, SCI induces in adult and aged female 

mice hindpaw heat hypersensitivity, which is not significantly modified by miR-155 deletion 

or by aging.

miR-155 KO adult, but not aged mice had reduced SCI-induced mechanical allodynia

Mice with SCI were tested for mechanical allodynia. Adult WT and miR-155 KO female 

mice had mechanical hypersensitivity that persisted from 7 to 28 dpo (both p<0.001 vs. 

pre-SCI) (Fig. 2e). Compared to adult WT mice, adult miR-155 KO mice at 7 and 14 

dpo had higher mechanical thresholds (significant dpo x genotype interaction, F3,54=5.02, 

p<0.005) (SUDO thresholds: adult WT 7 dpo: 4.5±0.2, adult KO 7 dpo: 6.3±0.3; p<0.005) 
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(adult WT 14 dpo: 4.5±0.6, adult KO 14 dpo: 6.0±0.5; p<0.05). This suggests that at these 

times miR-155 deletion ameliorated mechanical pain.

Aged mice with SCI displayed mechanical allodynia between 7–28 dpo (main effect of dpo; 

F4,47= 55.06, p<0.001) (Fig. 2f). Both aged WT and aged miR-155 KO mice showed similar 

SCI-elicited reduction in mechanical thresholds (aged WT vs. aged KO post-SCI: p>0.05). 

Thus, adult (but not aged) miR-155 KO mice at acute-to-subacute post-SCI times showed 

reduced mechanical pain symptoms.

Discussion

This study explored age-related survival and pain symptoms after SCI and whether miR-155 

deletion improved post-SCI outcomes in aged and adult mice. Adult mice survived at 

high rates after SCI, whereas aged WT, but not miR-155 KO mice were predisposed 

to death within six weeks post-SCI. Most aged WT (but not KO) mice exhibited SCI­

elicited autotomy, a symptom of spontaneous pain. Further, aged mice at baseline had heat 

hypersensitivity. After SCI, adult and aged mice showed similar extent of heat hyperalgesia 

and mechanical allodynia; both displayed these neuropathic pain symptoms from 7 to 28 

dpo. Adult (but not aged) miR-155 KO mice had ameliorated SCI-elicited mechanical 

pain symptoms at 7 and 14 dpo. Therefore, geriatric mice after SCI are susceptible to 

spontaneous pain and expedited mortality, and miR-155 removal after SCI can benefit 

mouse survival and improve relief of spontaneous and evoked pain.

In our study, 70% of aged WT SCI mice were euthanized within 42 d after SCI due to 

skin or hindlimb lesions attributable to autotomy. Autotomy is a symptom of spontaneous 

pain – also called “painful numbness” (Kauppila, 1998; Wall et al., 1979). Adult WT mice 

did not present with autotomy, suggesting that age unmasked SCI-related spontaneous pain. 

Thus, effective pain management is likely even more crucial after SCI with aging (as in 

humans, (Warner et al., 2019). Future geriatric preclinical SCI research should prospectively 

study survival and signs of health and discomfort. For instance, the mouse clinical frailty 

index (Toth, 2018) – scored from a four-minute, 31-item physical exam – could define health 

status of geriatric mice after SCI.

Aged miR-155 KO mice showed improved survival after SCI and did not reach end points 

related to autotomy or skin lesions. This implies that miR-155 deletion in aged mice 

reduces spontaneous pain. miR-155 deletion also promotes wound healing (van Solingen 

et al., 2014), which would limit post-SCI development or expansion of cutaneous sores. 

In addition, miR-155 influences various health-relevant body systems after SCI (Fonken 

et al., 2016b; Gaudet et al., 2016a; Gaudet et al., 2016b) and its removal is protective in 

various aging models and processes (Dinami et al., 2014; Onodera et al., 2017). Axotomy­

elicited autotomy is prevented by removing the pro-inflammatory cytokine IL-1β (Gabay et 

al., 2011) and aging amplifies neuroinflammatory responses after inflammatory challenge 

(Fonken et al., 2016a), so exaggerated neuroinflammation after SCI in aged mice may 

exacerbate spontaneous pain. miR-155 deletion reduces expression of pro-inflammatory 

factors such as IL-1β and iNOS (Gaudet et al., 2018; Jablonski et al., 2016). Indeed, 

miR-155 is a microRNA that potently drives pro-inflammatory responses; it is increased 
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in the SCI epicenter (Gaudet et al., 2016b) and could amplify inflammation and pain 

by reducing anti-inflammatory mRNA mediators. miR-155’s direct anti-inflammatory 

mRNA targets include Socs1, Ship1, Il13raI, and Bdnf (see (Gaudet et al., 2018) – 

miR-155-elicited reduction of these alone or in combination could unleash inflammation 

and maladaptive pain. Accordingly, miR-155 and other non-coding RNAs are potential 

intrinsic combinatorial targets for modifying disease outcomes. Thus, miR-155 inhibition 

or other anti-inflammatory treatments after SCI in aged individuals could interrupt runaway 

inflammation to boost pain relief and longevity.

Our preclinical outcomes related to pain and aging after SCI have important similarities 

and differences with SCI outcomes in humans. In our study, analgesics and antibiotics were 

prospectively withheld from all mice. Analgesics were not provided to limit confounds 

on neuropathic pain testing. For example, opioids can increase peripheral immune cell 

trafficking to the central nervous system (Olin et al., 2012) and activate glia (Johnston et al., 

2004). Furthermore, analgesics could have unknown interactions with miR-155 deletion 

and confound results. There are important limitations of withholding analgesics: first, 

withholding analgesics does not recapitulate the clinical setting, where individuals with SCI 

would receive pain-relieving drugs; and second, the age-related autotomy and death after 

SCI observed here may have been ameliorated (or exacerbated) by peri-operative analgesia 

(Hook et al., 2007; Jutzeler et al., 2021; Krause et al., 2017). Although antibiotics help 

sustain health of mice and humans susceptible to infection after SCI (Brommer et al., 2016), 

prophylactic antibiotics were withheld due to their adverse effects on recovery after SCI in 

mice without infection (Kigerl et al., 2016) and to limit unknown potential confounds with 

age and genotype.

We also observed increased 42 dpo mortality in aged mice after SCI (vs. adults; mostly 

due to autotomy-related euthanasia). In humans, senescence is associated with accelerated 

mortality after SCI: mortality up to one year after SCI was 2–3% in younger adults 

(<65 years old) vs. 25–39% in aged persons (>65 years) (Furlan and Fehlings, 2009). 

Unfortunately, those who experience SCI at younger ages also have reduced life expectancy 

over 40 years post-SCI (Middleton et al., 2012). Severe chronic pain is associated with 

increased risk of mortality (Torrance et al., 2010), especially when pain is concomitant with 

functional limitations (Smith et al., 2018); however, the link between pain and expedited 

mortality after SCI is muddled by co-occurring socioeconomic and health factors (Krause et 

al., 2017).

Our study showed that aged mice (20–21 months old) had increased baseline sensitivity 

to heat, but not mechanical stimulation. Senescence in mice occurs at 18+ months and a 

mouse’s lifespan averages 24 months. Combining our results with the findings of others, 

mice appear to have adult-typical thermal thresholds through 6–12 months (Karl et al., 

2017), increased hypersensitivity at 12–21 months (our data and (Azkona et al., 2016), and 

reduced sensitivity by 24 months (Wang et al., 2006).

This is the first known study to reveal that SCI elicits neuropathic pain in aged rodents. 

SCI evokes neuropathic pain symptoms in adult mice (Watson et al., 2014) and rats (Detloff 

et al., 2008; Gaudet et al., 2017). Future studies should address whether SCI in aged 
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rodents elicits neuropathic pain in both sexes (as in adult mice; (McFarlane et al., 2020). 

Clinical pain should be modeled by incorporating complementary behavioral measures of 

affective-cognitive components and spontaneous pain (Kramer et al., 2016).

Adult miR-155 KO mice had reduced SCI-elicited mechanical allodynia. Potential 

mechanisms underlying ameliorated pain symptoms in miR-155 KO mice after SCI include 

decreased intraspinal neuroinflammation that could dampen pain signaling (Detloff et al., 

2008; Gaudet et al., 2016b); preserved descending pain control (Millan, 2002); reduced 

maladaptive nociceptive activity (Gerke et al., 2003); or diminished neuroimmune interface 

activation (Ghasemlou et al., 2015). Studies using peripheral pain models have similarly 

identified a pain-promoting role for miR-155 (e.g., (Tan et al., 2015).

Conclusions

We explored the effects of aging and miR-155 deletion after SCI on survival and neuropathic 

pain symptoms. Our data suggest that aging predisposes mice to spontaneous pain and 

autotomy, and premature death after SCI, and that miR-155 removal may be effective after 

SCI for reducing health detriments and neuropathic pain. More broadly, our results imply 

that quenching or shifting harmful neuroimmune cascades after SCI could improve health 

and analgesia. Future preclinical and clinical studies should further examine geriatric models 

of SCI, and should leverage novel immunomodulatory strategies to benefit health outcomes, 

longevity, and pain management.
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Highlights

• Aged 20 month-old mice were prone to death and pain after spinal cord injury 

(SCI).

• Aged miR-155 knockout SCI mice were protected from increased pain and 

mortality.

• Aged mice showed baseline heat hyperalgesia.

• SCI elicited mechanical and heat pain in both adult (2 month-old) and aged 

mice.

• miR-155 deletion in adults ameliorated mechanical allodynia at 7 and 14 d 

post-SCI.
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Figure 1. 
Aged WT mice with SCI had increased 6-week mortality and spontaneous pain, whereas 

miR-155 KO aged mice were protected from these post-SCI detriments. a. Adult WT and 

miR-155 KO mice and aged miR-155 KO mice had high post-SCI survival, whereas most 

aged WT mice died within 42 d after SCI. b. Fewer aged WT (33%, vs. 100% of adult WT) 

mice survived to 42 dpo; aged miR-155 KO mice had enhanced 6-week survival (70%). c. 
Timecourse of spontaneous pain after SCI in adult and aged WT and KO mice. Aged WT 

mice had higher pain incidence than adult WT mice. d. At 42 d post-SCI, aged mice had 

increased spontaneous pain vs. adult mice; miR-155 KO mice had reduced incidence of pain 

vs. WT mice (aged WT: 78%, aged KO: 30%). e. Horizontal plot of all individual aged 

WT and miR-155 KO mice showing onset and timing of autotomy (yellow circles and lines) 

and premature endpoints (red triangles). † indicates p<0.05 between adult and aged mice; * 

indicates p<0.05 between WT and KO mice; ANOVA with Holm-Sidak post-hoc test.
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Figure 2. 
Effects of aging and miR-155 deletion on sensory thresholds at baseline and after SCI 

(Hargreaves heat – a-c; von Frey mechanical – d-f). a. At baseline, aged mice had reduced 

response latency to heat. There was no significant effect of miR-155 deletion. b-c. Both 

adult (b) and aged (c) mice after SCI displayed heat hyperalgesia at all times tested (7–

28 dpo). miR-155 deletion did not modify SCI-elicited heat hypersensitivity. d. Baseline 

mechanical thresholds were not significantly altered in aged or miR-155 KO mice. e,f. 
Both adult and aged WT mice exhibited mechanical allodynia from 7–28 d after SCI. 

Adult miR-155 KO mice had ameliorated mechanical hypersensitivity at 7 and 14 dpo. † 

indicates p<0.05 group difference between adult and aged mice; colored + indicates p<0.05 

within-genotype between pre- and post-SCI thresholds; * indicates p<0.05 between WT and 

KO mice.
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