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Objective: Self-injurious behavior (SIB) is a clinically challenging problem in

the general population and several clinical disorders. However, the precise

molecular mechanism of SIB is still not clear. In this paper, the systematic

investigation of the genesis and development of SIB is conducted based on

behavioral and pathophysiology studies in mink (Neovison vison) models.

Method: The night-vision video was used to observe the mink behavior,

and the duration was a month. HE stain was performed to characterize the

pathology change in the brain of a mink. IHC assay was performed to conduct

the protein level detection of Iba-1, p-CREB, CBP, and p300 in the brain tissues.

Elisa assay was used to examine the levels of NfL and NfH in serum and CSF of

mink. The qRT-PCR assay was used to detect the expression of Bcl-2, NOR1,

FoxO4, c-FOS, CBP, and p300 in brain tissues. Western blot was used to detect

the protein levels of p-CREB, CBP, and p300 in brain tissues.We also used Evans

Blue as a tracer to detect whether the blood-brain barrier was impaired in the

brain of mink.

Result: The behavioral test, histopathological and molecular biology

experiments were combined in this paper, and the results showed that CBP

was related to SIB. Mechanism analysis showed that the dysregulation of CBP

in brain-activated CREB signaling will result in nerve damage of the brain and

SIB symptoms in minks. More importantly, the CBP-CREB interaction inhibitor

might help relieve SIB and nerve damage in brain tissues.

Conclusion: Our results illustrate that the induction of CBP and the activation

of CREB are novel mechanisms in the genesis of SIB. This finding indicates

that the CBP-CREB axis is critical for SIB and demonstrates the e�cacy of the

CBP-CREB interaction inhibitor in treating these behaviors.
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Introduction

Self-injurious behavior (SIB) is an intentional injury to

bodily tissues without suicidal intent, and its lack of effective

treatment has seriously affected global health (1). Current

research on animal models of SIB has focused on drug-

induced rodents and stress-stimulated rhesus monkeys. For

example, Kasim et al. successfully induced self-biting behavior

in experimental mice using the L-type calcium channel agonist

(±)Bay K 8644 (2). Mueller et al. used the neuroexcitatory

transmitter caffeine, which also caused self-biting behavior in

mice (3). However, no significant physical damage was observed

in this drug-stimulated self-biting model. Administration of the

anxiolytic drug pemoline also causes self-injurious behavior in

rats and mice by gnawing on the limbs and ventral side (4),

and this model has been used to identify the neurobiological

mechanisms of SIB and to evaluate potential therapeutic agents

(5–13). In addition, SAPAP3 (14), Slitrk5 (15), and Shank3 (16)

mutant mice exhibit SIB, resulting in tissue damage. Another

important animal model of SIB, the rhesus monkey, found

that migration is an important stressor that leads to increased

self-biting behavior and sleeps disturbance (17). However, the

underlying mechanisms of SIB are unknown and research on

developing new animal models is warranted.

The American mink (Neovison vison), a semiaquatic

mustelid species (18), is the most common farmed animal

for fur. It has better economic importance than the silver

fox, sable, marten, and skunk. However, minks are known to

be susceptible to SIB, and this will hinder the development

of the fur industry of minks seriously. Typical self-wounding

behaviors, such as stereotypic behavior and severe tail biting,

have been observed in minks. Unlike other rodent models

of SIB, the pathology arises spontaneously without the need

for pharmacological manipulations. Moreover, SIB in minks

is always accompanied by wounds. Thus, mink may serve

as an animal model to investigate the underlying biological

mechanisms of SIB pathogenicity.

Cyclic adenosine monophosphate response-element-

binding protein (CREB) is a significant transcriptional

activator in nervous diseases (19–25). CREB comprises 341

amino acid residues, which are specifically expressed in

brain tissues (26–28). The activation of CREB is mediated by

phosphorylation at a specific serine residue, serine 133 (Ser133).

The phosphorylation levels of CREB are markedly up-regulated

in rats that are suffering the SIB (29). This phenomenon

indicates that CREB signaling may play a significant role

in the development of SIB. CREB binding protein (CBP), a

co-activator protein, aids in assembling an active transcription

complex that augments the activity of phosphorylated CREB

(30, 31). Therefore, CBP may be involved in the regulation of

SIB development by CREB. Although CBP is associated with

a multitude of neurological disease processes (32, 33), there is

no published data revealing the relationship between CBP and

changes in the incidence of SIB. Here, we have made several

novel observations and suggested that they are mechanistically

and diagnostically indicative of SIB. Additionally, we clarified

the roles of CBP in the development of SIB.

Materials and methods

Minks

The subjects were single-housed female American minks

ranging in age from 5 to 6 months of age and maintained in

standard cages. All minks were collected from the Institute of

Special Economic Animal and Plant Science of the Chinese

Academy of Agricultural Sciences (Jilin, China). Standard mink

chow was available ad libitum (34, 35). The minks had wounded

themselves at least once (SIB Group) with sufficient severity to

require veterinary treatment, whereas the healthy minks served

as the control group. Our works were approved by the Animal

Care Committee of College of Animal Science and Technology,

Qingdao Agricultural University (QAU). They were conducted

in accordance with the QAU Guide for the Care and Use

of Laboratory Animals. After behavior testing, all minks were

euthanized via carbon dioxide, and all efforts were made to

minimize suffering.

Mice

C57BL/6 female mice were purchased from Liaoning

Changsheng Biological Technology Company (Liaoning, China)

and maintained in QAU animal care facilities for at least

10 days before the experiment aged 7–8 weeks were used in

this work. Our works were approved by the Animal Care

Committee of College of Animal Science and Technology,

Qingdao Agricultural University. They were conducted in

accordance with the QAU Guide for the Care and Use of

Laboratory Animals. Mice were euthanized via carbon dioxide,

and all efforts were made to minimize suffering.

Groups

The experimental minks were divided into three

independent cohorts in this study. Cohort 1: (1) Healthy

minks (Control, n = 10), (2) Minks with SIB (SIB, n = 10).

Cohort 2: (1) Healthy minks injected with PBS (Control + PBS,

n= 10); (2) Healthy minks injected with CBP-CREB interaction

inhibitor (hereafter called Inhibitor. Control + Inhibitor, n =

10); (3) Minks with SIB that injected with PBS (SIB + PBS, n

= 15); (4) Minks with SIB were injected with Inhibitor (SIB +

Inhibitor, n = 15). Cohort 3: (1) Healthy minks injected with

PBS, after 30min injected with Mixture (PBS+Mixture, n= 7).
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Both PBS and Mixture are at daily intervals.); (2) Healthy minks

injected with Inhibitor, 30min later, injected with Mixture

(Inhibitor + Mixture, n = 7. Both Inhibitor and Mixture are

at daily intervals.); (3) Healthy minks injected with PBS, then

injected with (±) Bay K 8644 after half an hour (PBS + 8644,

n = 7). Both PBS and (±) Bay K 8644 are at daily intervals;

(4) Healthy minks injected with Inhibitor, half an hour later

injected with (±) Bay K 8644 (Inhibitor + 8644, n = 7). Both

Inhibitor and (±) Bay K 8644 are at daily intervals.

The mice were divided into four groups, detailed

information in Supplementary Table 1.

Behavioral testing

The night-vision video was purchased from PINZE

(Shenzhen, China) and used to assess the mink behavior for

4 weeks (Cohort 1). Seven main categories (which include

self-biting frequency, drinking frequency, sleep, sleep position,

repeating wheel frequency, food intake, and defecation

frequency) of behavior were recorded. The CBP-CREB

interaction inhibitor was injected into minks subcutaneously for

14 days (Cohort 2). During 14 days, seven main categories were

also assessed in Cohort 2. Behavioral definitions are described

in detail in Supplementary Table 2.

Mice and minks (Cohort 3) in both groups (PBS+Mixture,

Inhibitor + Mixture, PBS + 8644 and Inhibitor + 8644) were

used to record the numbers of mice and minks that exhibited

self-injuries behavior on each experimental day (The assessment

was performed for 6 days). According to previous studies mice

were placed in custom-made apparatus and detected with a

camera to assess SIB behavior (35). Nifedipine subcutaneous

injection was given when any tissue injury or bleeding occurred

in mice and mink models.

Hematoxylin-eosin staining (HE)

The brain cortex tissue was used to examine the

histopathological changes of minks. The brain tissue was

fixed in the 4% formalin (BBI Life Sciences Corporation,

China). After embedding in paraffin, tissue sections were

cut and stained with Hematoxylin and eosin (HE; Applygen

Technologies Inc., China). Three micrographs per individual

were performed. Sections were examined with Nano Zoomer

2.0-RS Digital Pathology (Hamamatsu, Japan).

Immunohistochemistry (IHC)

The immunohistochemistry assay was used to analyze the

protein expression of p-CREB, CBP, p300, and Iba-1. The

mink brain samples were fixed in 4% paraformaldehyde and

embedded in paraffin. The slides were then incubated with

3% H2O2 for 10min to reduce non-specific staining. The

treated slides were placed in a citrate buffer (pH = 6.0. Sigma-

Aldrich, USA) and heated in a pressure cooker for 2min.

The slides were then incubated overnight at 4◦C with four

primary antibodies separately. After being washed, the slides

were treated by the MaxVisionTMHRP-Polymer IHC Kit (MXB

Biotechnologies, China). Then all the slides were stained with

3, 3-diaminobenzidine tetra-hydrochloride (DAB). The slides

were mounted with glue for examination and capture with the

Nano Zoomer 2.0-RS Digital Pathology (Hamamatsu, Japan) for

comparative studies. Three micrographs per individual sample

were performed. The information on the antibodies as detailed

in Supplementary Table 3.

Cerebrospinal fluid (CSF) and serum
collection in mice and minks

CSF collection of minks was similar to that of mice, and

this was done and described in previous references (36–38). In

Cohort 1, after 4 weeks of observation, the CSF was collected

immediately. In Cohort 2, the CSF was collected immediately

after treating the CBP-CREB interaction inhibitor for 14 days.

Then, all CSF samples were centrifuged at 15,000 × g for 1min

and stored at−80◦C until their usage.

Blood samples were immediately obtained via the heart

puncture in minks in both Cohort 1 and Cohort 2 and

centrifuged at 500 × g for 15min. Then the serum was

liquated into microcentrifuge tubes and stored at −80◦C

for the following analysis. All blood samples were assessed

macroscopically for blood contamination before the start of

the experiment.

Enzyme-linked immunosorbent assay
(ELISA) for detecting neurofilament light
chain (NfL) and neurofilament heavy
chain (NfH) in minks and mice

CSF and Serum in Cohort 1 and Cohort 2 of minks were

used to determine NfL and NfH levels. All the analyses were

performed using ELISA kit. The information of the ELISA kits

was described in Supplementary Table 4.

RNA extraction and quantitative real-time
polymerase chain reaction (qRT-PCR)
assay

Total RNAs were extracted from mink (Cohort 1, Cohort

2 and Cohort 3) and mouse brain tissues using the TIANGEN

Frontiers in Veterinary Science 03 frontiersin.org

https://doi.org/10.3389/fvets.2022.975112
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Liu et al. 10.3389/fvets.2022.975112

RNA Extract kit (TIANGEN BIOTECH (BEIJING) Co., Ltd,

China) according to the manufacturer’s protocol. The cDNAs

were synthesized from 500 ng of total RNAs using the

PrimeScript RT reagent kit (Takara, Dalian, China) according

to the manufacturer’s protocol. The qRT-PCR assays were

performed in the BioRad IQ5 Real-Time PCR System (BioRad,

Hercules, CA, USA) using KAPA SYBR
R©

FAST qPCR Master

Mix (KAPA, Wilmington, UK). The relative expression of RNAs

was calculated using the 2−11CT metho. All RNA expressions

were normalized to beta-actin (β-actin). The primer sequences

were described in Supplementary Table 5.

Western blotting analysis

The minks used for experiments were euthanized, and

their brain tissues were aseptically harvested. The brain tissues

were subsequently treated with liquid nitrogen and lysed the

brain tissue in RIPA lysis buffer (Beyotime Biotechnology,

China) for 30min. Then transferred to a centrifuge tube and

centrifuged at 12,000 g for 10min at 4◦C. Then collected,

the supernatant and used the BCA protein assay kit (Pierce,

USA) to determine protein concentration. Total proteins

were separated by 10% SDS-PAGE electrophoresis and

transferred onto polyvinylidene difluoride (PVDF) membranes

(Millipore Corporation, USA). The membranes were then

blocked (4◦C). Next, the membranes were incubated with

the primary antibody overnight (4◦C), followed by secondary

antibodies HRP-conjugated for 1.5 h (37◦C). Then using

PBST washes the membranes. The protein expression of

p-CREB, CBP30, and p300 were detected with the Gel Imaging

System and the Quantity One Software version 4.0 (Bio-

Rad, USA). Band intensity levels were normalized to β-actin

(Sigma-Aldrich, USA). ImageJ analysis of protein grayscale

values. The information on the antibodies as described in

Supplementary Table 3.

Evans blue analyses

At the 14 days, administered (Cohort 2) i.p. with 3%

Evans Blue (EB; Sigma-Aldrich, USA) as described previously

(39). Four hours after post-injection, the minks were sacrificed.

The brains were harvested and fixed in 4% formalin (BBI

Life Sciences Corporation, China). Frozen minks brain slabs

(6µm) are kept at cryogenic temperatures, and sections

were examined in OLYMPUS Digital Pathology (OLYMPUS,

Japan). ImageJ software was used as the integrated density

analysis tool to measure extravascular accumulations of

EB. Three micrographs per individual were performed for

the photomicrographs.

Chemicals

CBP-CREB interaction inhibitor (Catalog Number:

217505) was purchased from Merck (Germany). The

inhibitor was injected into minks at a concentration of 10

mg/ml subcutaneously.

(±) Bay K 8644 agonist (Merck-Millipore, Germany) was

dissolved in ethanol, then mixed with Tween 80 (Sigma) as

described previously (40). Then diluted with distilled water and

injected subcutaneously at a final concentration of 12 mg/ml in

both mice and minks.

Statistical analyses

All statistical analyses were performed using GraphPad

Prism 5 software (Inc. 7825 Fay Avenue, Suite 230 La Jolla, CA

92037, USA). All values are expressed as mean ± SEM. Two-

way ANOVA with Bonferroni post-tests and t-tests was used for

statistical analysis. P-values lower than 0.05 were considered to

be statistically significant.

Result

Behavior

An Equal number of minks (Cohort 1) was used to observe

the mink behavior for 4 weeks (Control, Figure 1A; SIB,

Figure 1B). Two minks were dead in the SIB group on the

second and fifth day during the experiment). First, we found that

the minks in the control group showed no self-biting behavior

throughout the study (Figure 1C, ∗p < 0.05). In contrast,

minks with SIB exhibited severe self-biting behavior (Figure 1C,
∗p < 0.05). Consistently, we achieved the same results of

the frequency of the repeating wheel (Figure 1D, ∗p < 0.05).

Moreover, the sleep posture of minks in the SIB group exhibited

a significant difference compared to the control, consistent

with the previous studies (17, 41). Meanwhile, the minks

with SIB indicated a significant reduction in sleeping time,

dietary amount, drinking frequency and defecation frequency

(Figures 1E–H, ∗p < 0.05, ∗∗p < 0.01). The weights of minks

were also measured, and they markedly reduced in the SIB

group compared to the control (Supplementary Figure 1, ∗∗p <

0.01). Collectively, our results provide a systematic behavioral

observation of minks with SIB.

Minks with SIB exhibit serious nerve
damage in brain

We obtained the brain tissues from the minks of the control

group and SIB group (Cohort 1) to observe the pathological
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FIGURE 1

Systematic behavioral observation of minks with SIB. (A) Representative images of Mink in Control Group (n = 10). (B) Representative images of

Mink in SIB Group (n = 10). (C,D) Frequency scores for self-biting and repeating whirl during 4 week period (data are expressed as mean ± SEM;

*p < 0.05. Control, n = 10; SIB, n = 8). (E–H) Scores for sleeping time, dietary amount, drinking frequency, and defecation frequency during 4

weeks (data shown represent the mean ± SEM; *p < 0.05, **p < 0.01. Control, n = 10; SIB, n = 8).

change in the brain. We found that the microglial cells

diffused hyperplasia in the brain parenchyma in the SIB group

(Figure 2A). Control, n = 10; SIB, n = 8). Meanwhile, activated

Iba-1 microglial cells were increased in SIB group (Figure 2B).

Control, n = 10; SIB, n = 8). Accumulating evidence has shown

that NfL and NfH can serve as reliable and easily accessible

biomarkers reflecting the nervous disease progression. Thus, we

examined the levels of NfL and NfH in serum and CSF of minks

with SIB and controls. Indeed, we observed increased levels of

NfL and NfH in the serum and CSF of SIB minks (Figures 2C–F,
∗∗∗p < 0.001). In summary, our results suggest that minks with

SIB exhibit serious nerve damage in the brain.

CBP significantly up-regulated in the
brain tissues of minks with SIB

Next, we investigated the precise molecular mechanism of

SIB. Previous studies showed that the phosphorylation levels

of CREB were markedly up-regulated in rats with SIB (29),

suggesting CREB signaling may play a significant role in the

genesis and development of SIB. Indeed, we also found that

phosphorylation levels of CREB were significantly increased

in the brain tissues of minks with SIB compared to controls

(Figures 3A,B). In addition, we investigated whether the CREB

signaling is significantly enhanced in brain tissues of minks
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FIGURE 2

Minks with SIB exhibit serious nerve damage in brain tissues. (A) Microglial cells di�used hyperplasia in the brain parenchyma in SIB.

Representative HE staining in the brain tissues, Scale bars, 25µm. (B) Activated Iba-1 microglial cells were increased in SIB group. Representative

IHC stains of Iba-1 in the brain tissues. Scale bars, 25µm. IHC, Immunohistochemistry. Ten mink brain tissues in Control group, eight mink brain

tissues in SIB group and three micrographs per individual were performed for the photomicrographs. (C–F) The levels of NfL and NfH in control

and SIB group. Each symbol represents the serum and CSF cytokine levels (pg/ml) in one mink. Data shown represent the mean ± SEM; Control,

n = 10; SIB, n = 8. ***p < 0.001.

with SIB by detecting the direct target genes of CREB, Bcl2,

NOR1, and c-FOS, which CREB directly transactivated, were

significantly increased in brain tissues of minks with SIB

(Figure 3C, ∗∗p< 0.01, ∗∗∗p< 0.001). In contrast, FoxO4, which

CREB directly suppresses, was reduced in brain tissues of minks

with SIB (Figure 3C, ∗∗∗p < 0.001). Collectively, these results

indicate that CREB signaling is significantly enhanced in the

brain of minks with SIB and may play crucial roles in the genesis

and development of SIB.

CREB-binding protein (CBP) and its paralog p300, which

were originally identified as the transcriptional cofactors of

CREB, may significantly enhance the transcriptional activity

of phosphorylated CREB (30, 31). Given that CREB signaling

is significantly activated in the brain of minks with SIB, we

hypothesized that CBP and p300 might involve in this process.

To test the hypothesis, we first investigated whether the mRNA

levels of CBP and p300 were also increased in the brain tissues

of minks with SIB compared to controls (Cohort 1). Indeed, the

mRNA levels of CBP exhibited a significant increase in the brain

tissues of the SIB group (Figure 3D, ∗∗∗p < 0.001). However,

the mRNA levels of p300 showed no change (Figure 3E, n.s.),

indicating that p300 may not affect the CREB signaling in the

brain tissues of minks. Consistently, the protein levels of CBP

were up-regulated in the brain tissues of the SIB group, but

not p300 (Figures 3F,G). Furthermore, immunohistochemical

results also confirmed that the level of CBP was significantly

higher in the brain tissue of the SIB group, but there was

no significant difference in p300 (Figures 3H,I). In summary,

these results indicate that CBP is significantly increased in brain

tissues of minks with SIB and thus activates CREB signaling,

resulting in the genesis and development of SIB.

CBP-CREB interaction inhibitor
significantly relieves SIB symptoms

To validate the effect of CBP and CREB signaling on

the genesis and development of SIB, we used a CBP-CREB

interaction inhibitor (hereafter called Inhibitor) to inhibit

the interaction between CBP and CREB in vivo (Cohort 2).

Compared to the SIB + PBS group, the minks in the SIB

+ Inhibitor group exhibited a significant reduction in the

frequency of self-biting and repeating wheel (Figures 4A,B,
∗p < 0.05. Two minks in the SIB + PBS group were dead at the

second day of the experiment and one mink in SIB + Inhibitor

was dead at the third day of the experiment.). Moreover,
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FIGURE 3

CBP and p-CREB are significantly increased in Mink brain. (A) The protein levels of p-CREB in brain tissues, assayed by western blot. (B)

Representative IHC stains of p-CREB in the brain tissues. Scale bars, 25µm. Three micrographs per individual were performed for the

photomicrographs. (C) The mRNA levels of Bcl2, NOR1, FoxO4, and c-FOS in brain tissues, assayed by qRT-PCR. (D) The mRNA levels of CBP in

brain tissues, assayed by qRT-PCR. (E) The mRNA levels of p300 in brain tissues, assayed by qRT-PCR. (F) The protein levels of CBP in brain

tissues, assayed by western blot. (G) The protein levels of p300 in brain tissues, assayed by western blot. (H) Representative IHC stains of CBP in

the brain tissues. Scale bars, 25µm. Three micrographs per individual were performed for the photomicrographs. (I) Representative IHC stains of

p300 in the brain tissues. Scale bars, 25µm. Three micrographs per individual were performed for the photomicrographs. Data shown represent

the mean ± SEM; Control, n = 10; SIB, n = 8. *p < 0.05, **p < 0.01, ***p < 0.001, n.s., no significance.

sustained administration of Inhibitor improved duration of

the sleep of minks with SIB (Figure 4C, ∗∗p < 0.01) and

increased dietary amount (Figure 4D, ∗p < 0.05), drinking

frequency (Figure 4E, ∗p < 0.05) and defecation frequency

(Figure 4F, ∗p < 0.05). In addition, the Inhibitor-treated minks

with SIB gained weight over 14 days, but not the PBS-treated

SIB group (Supplementary Figure 2, ∗p < 0.05). The Inhibitor

treatment significantly promoted wound healing (10 of the
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FIGURE 4

CBP inhibitor significantly relieves SIB symptoms. (A,B) Frequency scores for self-biting and repeating whirl during 14 days. (C–F) Frequency

scores for sleeping time, dietary amount, drinking frequency and defecation frequency during 14 days. (G) The mRNA levels of Bcl2, NOR1,

FoxO4, and c-FOS in brain tissues after 14 days treatment with inhibitor or PBS, assayed by qRT-PCR. Data shown represent the mean ± SEM;

Control + PBS, n = 10; Control + inhibitor, n = 10; SIB + PBS, n = 13; SIB + inhibitor, n = 14. *p < 0.05, **p < 0.01, n.s., no significance.
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14 minks, 71.4%) until the end of the 14-day monitoring

period (Supplementary Figure 3). These results showed that

sustained administration of Inhibitor gradually relieved the self-

injury behavior.

Next, we examined whether the CREB signaling was

inhibited after consecutive Inhibitor injections. To this end,

we used qRT-PCR assay to detect the target genes of CREB.

We found that Inhibitor treatment efficiently decreased the

expression of Bcl2, NOR1, and c-FOS (Figure 4G, ∗p < 0.05,
∗∗p < 0.01), while the expression of FoxO4 was increased upon

the Inhibitor treatment (Figure 4G, ∗p < 0.05). Importantly, we

also found that the expression of CBP was significantly increased

in the SIB mice and mink models induced by (±) Bay K

8644 agonist (Supplementary Figure 4, ∗∗p < 0.01). Meanwhile,

the Inhibitor also relieved the self-injury behavior in the

induced SIBmice andminkmodels (Supplementary Tables 6, 7).

These results suggest that the CBP-CREB interaction inhibitor

significantly suppresses CREB signaling and thereby relieves the

self-injury behavior.

Pathological change after treatment with
CBP-CREB interaction inhibitor

Given that the CBP-CREB interaction inhibitor may relieve

the self-injury behavior, we hypothesized that it might rescue the

nerve damage in brain tissues of minks with SIB. Indeed, the

hyperplasia of microglial cells was relieved by an Inhibitor in

the brain parenchyma of minks with SIB (Figure 5A). Compared

to the SIB + PBS group, activated Iba-1 microglial cells

were decreased in brain tissues of the SIB + Inhibitor group

(Figure 5B).We used Evans Blue as a tracer to detect whether the

blood-brain barrier was impaired in the brain of mink with SIB.

The results showed that the blood-brain barrier was impaired

in the brain of mink with SIB, and Inhibitor may relieve the

injury (Figures 5C,D, ∗p < 0.05). In addition, the levels of NfL

and NfH in the serum and CSF of minks with SIB were also

decreased upon Inhibitor treatment (Figure 5E, ∗∗∗p < 0.001).

These results indicate that the CBP-CREB interaction inhibitor

markedly relieved the nerve damage in brain tissues, and offers

the intriguing possibility that the CBP-CREB axis may serve as

novel and accessible markers of SIB disease progression.

Discussion

In the present study, we provided a systematic behavioral

analysis of SIB in minks for the first time. Meanwhile, we

observed that minks with SIB exhibited serious nerve damage in

brain tissues. Mechanistically, CBP was significantly increased

and activated CREB signaling in the brain tissues of the SIB

minks, indicating the significant role of the CBP-CREB axis

in the elicitation of SIB. Furthermore, an important finding

was that inhibitors of CBP could improve behavioral and

physiological disorders of minks with SIB in vivo, suggesting that

CBP was a critical molecular for SIB and it might be potentially

an effective target for SIB therapy.

SIB occurs in several neurological and neuropsychiatric

conditions. However, the neuropathology of SIB has not been

systematically explored. Because of the ethical difficulties in

carrying out the study in human subjects, experimental animal

models were used to investigate SIB. Several animal models

of SIB have been described (17, 29). For example, Matthew

et al. investigated the relationship between SIB with stress in

the rhesus monkey model of self-injury (17). In a rat model,

Yuan et al. illuminated the role of anxiety in vulnerability

to self-injurious behavior (42). Here, we used mink as the

animal model for the first time to investigate the genesis

and development of SIB. We made several main behavioral

observations and suggested that they are mechanistically

and diagnostically indicative of SIB. SIB in minks arises

spontaneously and is always accompanied by wounds, indicating

the advantage of minks as the models of SIB. First, we confirmed

that the frequency of self-biting and the repeating wheel is

significantly increased in the minks spontaneously developing

SIB.Meanwhile, the Results showed that the SIB groupmarkedly

reduced sleeping time, dietary amount, drinking frequency,

defecation frequency, and body weight.

Furthermore, we investigated the pathological change of SIB

in the mink brain. Our data showed that the microglial cells

diffused hyperplasia in the brain parenchyma in minks with SIB

but were not found in healthy minks. Meanwhile, activated Iba-

1 microglial cells were increased in the brain parenchyma in the

SIB group. In addition, we examined the levels of NfL and NfH,

in the CSF and serum of mink with or without SIB. We observed

increased levels of NfL and NfH in the CSF and serum of minks

with SIB. In summary, these findings suggested that minks with

SIB exhibited strong neurological illness signs.

Cyclic-AMP response element (CRE) binding protein

(CREB) belongs to a large family of basic leucine zipper

(bZIP)-containing transcription factors (43–45), which have

long been known to be necessary for the formation of memories

(46, 47). A recent study has shown that CREB signaling is

dysfunctional in mice and humans with Alzheimer’s disease

(AD), a disease characterized by cognitive decline and memory

impairments (25, 48). Illuminating the molecular mechanism of

SIB is significant in developing new prevention and therapeutic

strategies for SIB. However, most studies have focused on the

environmental factors that reinforce SIB, but few have examined

the underlying biological mechanisms of SIB. In our study,

we observed that the phosphorylation levels of CREB were

significantly increased in the brain tissues of minks with SIB,

consistent with the previous study (29). Furthermore, we found

for the first time that the CREB signaling is activated in the brain

tissues of minks with SIB by detecting the mRNA levels of CREB

target genes, including Bcl2, NOR1, FoxO4, and c-FOS.
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FIGURE 5

CBP inhibitor markedly relieves the nerve damage in brain tissues. (A) The hyperplasia of microglial cells was relieved by inhibitor. Representative

HE staining in the brain tissues. Scale bars, 25µm. Three micrographs per individual were performed for the photomicrographs. (B) Activated

Iba-1 microglial cells were decreased in SIB + CBP30 group. Representative IHC stains of Iba-1 in the brain tissues. Scale bars, 25µm. Three

micrographs per individual were performed for the photomicrographs. (C) Representative images of Evans Blue levels. Scale bars, 50µm. Three

micrographs per individual were performed for the photomicrographs. (D) Quantifications of Evans Blue levels. (E) The levels of NfL and NfH in

both four groups. Each symbol represents the serum and CSF cytokine levels (pg/ml) in one mink. Data shown represent the mean ± SEM;

Control + PBS, n = 10; Control + inhibitor, n = 10; SIB + PBS, n = 13; SIB + inhibitor, n = 14. *p < 0.05, ***p < 0.001, n.s., no significance.
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Protein-protein interactions are essential for the

transmission of signals from the extracellular space to the

nucleus and for cell-cell communication. The transcriptional

activity of p-CREB is further enhanced by the binding of

CBP to phosphorylated CREB (p-CREB), which activates the

transcription of CREB target genes (43).Given the significant

roles of CREB in SIB development, we assumed that CBP

was also associated with SIB development in minks. Indeed,

CBP markedly up-regulated in the brain tissues of minks with

SIB, indicating the significant role in the elicitation of SIB.

Consistently, we also found that the expression was increased

in the SIB mice and mink models induced by (±) Bay K 8644

agonist. And to our best knowledge, this is the first time to

prove that CBP participates in SIB. However, the molecular

mechanism that CBP expression increases in the brain tissues of

minks with SIB still needs further investigation.

Small molecules that target protein-protein interactions are

important research technologies for dissecting the biological

functions of protein-protein interactions and potential

therapeutics for many diseases (43). To validate the effect

of CBP and CREB signaling on SIB development, we used

a CBP-CREB interaction inhibitor to inhibit the interaction

between CBP and CREB in vivo. Our results showed that

sustained administration of CBP-CREB interaction inhibitor

significantly reduced the expression of CREB target genes and

relieved the neuronal damage in brain tissues of minks with

SIB, which in turn gradually relieved the self-injury behavior

and promoted the wound healing. Moreover, our findings shed

light on the critical role of CBP in the genesis and development

of SIB.

In conclusion, the study in this paper used a mink model

of SIB to investigate the underlying mechanism involved in

the genesis of SIB. Our results illustrated an induction of CBP

and activation of CREB signaling, which can be regarded as

a novel mechanism in the genesis of SIB. More importantly,

the CBP-CREB interaction inhibitor markedly relieved the SIB

severity in vivo, supplying an effective strategy for SIB therapy.

These findings are also important supplements for the full

understanding of SIB.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary material, further inquiries

can be directed to the corresponding author/s.

Ethics statement

This study was reviewed and approved by the Animal

Administration and Ethics Committee of Qingdao Agricultural

University, Animal Science and Technology College (Permit

no. 2021-05-01). All animals involved in this manuscript

were handled in strict accordance with good animal practice

according to the Animal Ethics Procedures and Guidelines of

the People’s Republic of China.

Author contributions

This study was designed by and GL. The manuscript was

written by CL. The experiments were performed and analyzed

by CL, XG, and HS. All authors read and approved the

final manuscript.

Funding

This study was funded by Shandong Modern Agricultural

Technology & Industry System (SDAIT-21-01) and Technology

Innovation Project of Chinese Academy of Agricultural Sciences

grant CAAS-ASTIP-2016-ISAPS to GL. The funders play no role

in study design, data collection and analysis, decision to publish

or preparation of the manuscript.

Acknowledgments

We are grateful to the Beijing Proteome Research Center

and Beijing Institute of Radiation Medicine for their assistance

in Digital microscopy. We thank the reviewers for their

helpful insight and comments regarding this manuscript.

This manuscript was preprinted by ResearchGate in 2020,

doi: 10.21203/ RS.3.RS-39023 /v1.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be

found online at: https://www.frontiersin.org/articles/10.3389/

fvets.2022.975112/full#supplementary-material

Frontiers in Veterinary Science 11 frontiersin.org

https://doi.org/10.3389/fvets.2022.975112
https://doi.org/10.21203/
https://www.frontiersin.org/articles/10.3389/fvets.2022.975112/full#supplementary-material
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Liu et al. 10.3389/fvets.2022.975112

References

1. Baguelin-Pinaud A, Seguy C, Thibaut F. [Self-mutilating behaviour: a study on
30 inpatients]. Encephale. (2009) 35:538–43. doi: 10.1016/j.encep.2008.08.005

2. Kasim S, Jinnah HA. Self-biting induced by activation of L-type calcium
channels in mice: dopaminergic influences. Dev Neurosci. (2003) 25:20–
5. doi: 10.1159/000071464

3. Mueller K, Saboda S, Palmour R, NyhanWL. Self-injurious behavior produced
in rats by daily caffeine and continuous amphetamine. Pharmacol Biochem Behav.
(1982) 17:613–7. doi: 10.1016/0091-3057(82)90332-X

4. Genovese E, Napoli PA, Bolego-Zonta N. Selfaggressiveness: a new
type of behavioral change induced by pemoline. Life Sci. (1969) 8:513–
5. doi: 10.1016/0024-3205(69)90445-7

5. Cromwell HC, King BH, Levine MS. Pemoline alters dopamine modulation
of synaptic responses of neostriatal neurons in vitro. Dev Neurosci. (1997) 19:497–
504. doi: 10.1159/000111247

6. King BH, Cromwell HC, Lee HT, Behrstock SP, Schmanke T, Maidment NT.
Dopaminergic and glutamatergic interactions in the expression of self-injurious
behavior. Dev Neurosci. (1998) 20:180–7. doi: 10.1159/000017312

7. King BH, Au D, Poland RE. Pretreatment with Mk-801 inhibits pemoline-
induced self-biting behavior in prepubertal rats. Dev Neurosci. (1995) 17:47–
52. doi: 10.1159/000111272

8. Muehlmann AM, Devine DP. Glutamate-mediated neuroplasticity in an
animal model of self-injurious behaviour. Behav Brain Res. (2008) 189:32–
40. doi: 10.1016/j.bbr.2007.12.001

9. Muehlmann AM, Kies SD, Turner CA, Wolfman S, Lewis
MH, Devine DP. Self-injurious behaviour: limbic dysregulation and
stress effects in an animal model. J Intellect Disabil Res. (2012)
56:490–500. doi: 10.1111/j.1365-2788.2011.01485.x

10. King BH, Au D, Poland RE. Low-dose naltrexone inhibits pemoline-induced
self-biting behavior in prepubertal rats. J Child Adolesc Psychopharmacol. (1993)
3:71–9. doi: 10.1089/cap.1993.3.71

11. Blake BL, Muehlmann AM, Egami K, Breese GR, Devine DP, Jinnah HA.
Nifedipine suppresses self-injurious behaviors in animals. Dev Neurosci. (2007)
29:241–50. doi: 10.1159/000096414

12. Muehlmann AM, Brown BD, Devine DP. Pemoline (2-amino-
5-phenyl-1,3-oxazol-4-one)-induced self-injurious behavior: a rodent
model of pharmacotherapeutic efficacy. J Pharmacol Exp Ther. (2008)
324:214–23. doi: 10.1124/jpet.107.128207

13. Cromwell HC, Levine MS, King BH. Cortical damage enhances pemoline-
induced self-injurious behavior in prepubertal rats. Pharmacol Biochem Behav.
(1999) 62:223–7. doi: 10.1016/S0091-3057(98)00152-X

14. Welch JM, Lu J, Rodriguiz RM, Trotta NC, Peca J, Ding J-D, et al. Cortico-
striatal synaptic defects andOCD-like behaviours in SAPAP3-mutantmice.Nature.
(2007) 448:894–900. doi: 10.1038/nature06104

15. Shmelkov SV, Hormigo A, Jing D, Proenca CC, Bath KG,Milde T, et al. Slitrk5
Deficiency impairs corticostriatal circuitry and leads to obsessive-compulsive-like
behaviors in mice. Nat Med. (2010) 16:598–602. doi: 10.1038/nm.2125

16. Peça J, Feliciano C, Ting JT, Wang W, Wells MF, Venkatraman TN, et al.
Shank3 mutant mice display autistic-like behaviours and striatal dysfunction.
Nature. (2011) 472:437–42. doi: 10.1038/nature09965

17. Davenport MD, Lutz CK, Tiefenbacher S, Novak MA, Meyer
JS. A rhesus monkey model of self-injury: effects of relocation stress
on behavior and neuroendocrine function. Biol Psychiatry. (2008)
63:990–6. doi: 10.1016/j.biopsych.2007.10.025

18. Cai Z, Petersen B, Sahana G, Madsen LB, Larsen K, Thomsen B, et al. The
first draft reference genome of the american mink (neovison vison). Sci Rep. (2017)
7:14564. doi: 10.1038/s41598-017-15169-z

19. Horvath GA, Tarailo-Graovac M, Bartel T, Race S, Van Allen MI, Blydt-
Hansen I, et al. Improvement of self-injury with dopamine and serotonin
replacement therapy in a patient with a hemizygous PAK3 mutation: a new
therapeutic strategy for neuropsychiatric features of an intellectual disability
syndrome. J Child Neurol. (2018) 33:106–13. doi: 10.1177/0883073817740443

20. Arnauld E, Arsaut J, Demotes-Mainard J. Conditional coupling of
striatal dopamine D1 receptor to transcription factors: ontogenic and regional
differences in CREB activation. Brain Res Mol Brain Res. (1998) 60:127–
32. doi: 10.1016/S0169-328X(98)00192-2

21. Liu FC, Graybiel AM. Dopamine and calcium signal interactions in the
developing striatum: control by kinetics of CREB phosphorylation.Adv Pharmacol.
(1998) 42:682–6. doi: 10.1016/S1054-3589(08)60840-6

22. Lonze BE, Ginty DD. Function and regulation of CREB
family transcription factors in the nervous system. Neuron. (2002)
35:605–23. doi: 10.1016/S0896-6273(02)00828-0

23. Dragunow M. CREB and neurodegeneration. Front Biosci. (2004) 9:100–
3. doi: 10.2741/1197

24. Carlezon WA, Duman RS, Nestler EJ. The many faces of
CREB. Trends Neurosci. (2005) 28:436–45. doi: 10.1016/j.tins.200
5.06.005

25. Bartolotti N, Bennett DA, Lazarov O. Reduced pCREB in Alzheimer’s disease
prefrontal cortex is reflected in peripheral bloodmononuclear cells.Mol Psychiatry.
(2016) 21:1158–66. doi: 10.1038/mp.2016.111

26. Gonzalez GA, Yamamoto KK, Fischer WH, Karr D, Menzel P, Biggs W,
et al. A cluster of phosphorylation sites on the cyclic amp-regulated nuclear
factor CREB predicted by its sequence. Nature. (1989) 337:749–52. doi: 10.1038/
337749a0

27. Montminy MR, Sevarino KA, Wagner JA, Mandel G, Goodman RH.
Identification of a cyclic-AMP-responsive element within the rat somatostatin
gene. Proc Natl Acad Sci USA. (1986) 83:6682–6. doi: 10.1073/pnas.8
3.18.6682

28. Montminy MR, Bilezikjian LM. Binding of a nuclear protein to the
cyclic-AMP response element of the somatostatin gene. Nature. (1987) 328:175–
8. doi: 10.1038/328175a0

29. Sivam SP, Pugazhenthi S, Pugazhenthi V, Brown H. L-DOPA-induced
activation of striatal p38MAPK and CREB in neonatal dopaminergic denervated
rat: relevance to self-injurious behavior. J Neurosci Res. (2008) 86:339–
49. doi: 10.1002/jnr.21504

30. Chrivia JC, Kwok RP, Lamb N, Hagiwara M, Montminy MR, Goodman RH.
Phosphorylated CREB binds specifically to the nuclear protein CBP.Nature. (1993)
365:855–9. doi: 10.1038/365855a0

31. Kwok RP, Lundblad JR, Chrivia JC, Richards JP, Bächinger HP, Brennan
RG, et al. Nuclear protein CBP is a coactivator for the transcription factor CREB.
Nature. (1994) 370:223–6. doi: 10.1038/370223a0

32. Nucifora FC, Sasaki M, Peters MF, Huang H, Cooper JK,
Yamada M, et al. Interference by Huntingtin and Atrophin-1 with
CBP-mediated transcription leading to cellular toxicity. Science. (2001)
291:2423–8. doi: 10.1126/science.1056784

33. Palomer E, Carretero J, Benvegnù S, Dotti CG, Martin MG. Neuronal
activity controls BDNF expression via polycomb de-repression and
CREB/CBP/JMJD3 activation in mature neurons. Nat Commun. (2016)
7:11081. doi: 10.1038/ncomms11081

34. Cui H, Zhang T, Nie H, Wang Z, Zhang X, Shi B, et al. Effects
of different sources and levels of zinc on growth performance, nutrient
digestibility, and fur quality of growing-furring male mink (mustela
vison). Biol Trace Elem Res. (2018) 182:257–64. doi: 10.1007/s12011-01
7-1081-4

35. Chun S, McEvilly R, Foster JA, Sakic B. Proclivity to self-
injurious behavior in MRL-LPR mice: implications for autoimmunity-
induced damage in the dopaminergic system. Mol Psychiatry. (2008)
13:1043–53. doi: 10.1038/sj.mp.4002078

36. Bacioglu M, Maia LF, Preische O, Schelle J, Apel A, Kaeser SA, et al.
Neurofilament light chain in blood and CSF as marker of disease progression
in mouse models and in neurodegenerative diseases. Neuron. (2016) 91:56–
66. doi: 10.1016/j.neuron.2016.05.018

37. Maia LF, Kaeser SA, Reichwald J, Lambert M, Obermüller U, Schelle J,
et al. Increased CSF Aβ during the very early phase of cerebral Aβ deposition
in mouse models. EMBO Mol Med. (2015) 7:895–903. doi: 10.15252/emmm.20
1505026

38. Mattsson N, Andreasson U, Persson S, Arai H, Batish SD,
Bernardini S, et al. The Alzheimer’s association external quality control
program for cerebrospinal fluid biomarkers. Alzheimers Dement. (2011)
7:386–95.e6. doi: 10.1016/j.jalz.2011.05.2243

39. Olivera GC, Ren X, Vodnala SK, Lu J, Coppo L,
Leepiyasakulchai C, et al. Nitric oxide protects against infection-
induced neuroinflammation by preserving the stability of the blood-
brain barrier. PLoS Pathog. (2016) 12:e1005442. doi: 10.1371/journal.ppa
t.1005442

40. JinnahHA, Yitta S, Drew T, Kim BS, Visser JE, Rothstein JD. Calcium channel
activation and self-biting in mice. Proc Natl Acad Sci USA. (1999) 96:15228–
32. doi: 10.1073/pnas.96.26.15228

Frontiers in Veterinary Science 12 frontiersin.org

https://doi.org/10.3389/fvets.2022.975112
https://doi.org/10.1016/j.encep.2008.08.005
https://doi.org/10.1159/000071464
https://doi.org/10.1016/0091-3057(82)90332-X
https://doi.org/10.1016/0024-3205(69)90445-7
https://doi.org/10.1159/000111247
https://doi.org/10.1159/000017312
https://doi.org/10.1159/000111272
https://doi.org/10.1016/j.bbr.2007.12.001
https://doi.org/10.1111/j.1365-2788.2011.01485.x
https://doi.org/10.1089/cap.1993.3.71
https://doi.org/10.1159/000096414
https://doi.org/10.1124/jpet.107.128207
https://doi.org/10.1016/S0091-3057(98)00152-X
https://doi.org/10.1038/nature06104
https://doi.org/10.1038/nm.2125
https://doi.org/10.1038/nature09965
https://doi.org/10.1016/j.biopsych.2007.10.025
https://doi.org/10.1038/s41598-017-15169-z
https://doi.org/10.1177/0883073817740443
https://doi.org/10.1016/S0169-328X(98)00192-2
https://doi.org/10.1016/S1054-3589(08)60840-6
https://doi.org/10.1016/S0896-6273(02)00828-0
https://doi.org/10.2741/1197
https://doi.org/10.1016/j.tins.2005.06.005
https://doi.org/10.1038/mp.2016.111
https://doi.org/10.1038/337749a0
https://doi.org/10.1073/pnas.83.18.6682
https://doi.org/10.1038/328175a0
https://doi.org/10.1002/jnr.21504
https://doi.org/10.1038/365855a0
https://doi.org/10.1038/370223a0
https://doi.org/10.1126/science.1056784
https://doi.org/10.1038/ncomms11081
https://doi.org/10.1007/s12011-017-1081-4
https://doi.org/10.1038/sj.mp.4002078
https://doi.org/10.1016/j.neuron.2016.05.018
https://doi.org/10.15252/emmm.201505026
https://doi.org/10.1016/j.jalz.2011.05.2243
https://doi.org/10.1371/journal.ppat.1005442
https://doi.org/10.1073/pnas.96.26.15228
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Liu et al. 10.3389/fvets.2022.975112

41. Novak MA. Self-injurious behavior in rhesus monkeys: new insights
into its etiology, physiology, and treatment. Am J Primatol. (2003) 59:3–
19. doi: 10.1002/ajp.10063

42. Yuan X, Devine DP. The role of anxiety in vulnerability for self-
injurious behaviour: studies in a rodent model. Behav Brain Res. (2016) 311:201–
9. doi: 10.1016/j.bbr.2016.05.041

43. Li BX, Xiao X. Discovery of a small-molecule inhibitor of
the KIX-KID interaction. Chembiochem Eur J Chem Biol. (2009)
10:2721–4. doi: 10.1002/cbic.200900552

44. Vinson CR, Sigler PB, McKnight SL. Scissors-grip model for DNA
recognition by a family of leucine zipper proteins. Science. (1989) 246:911–
6. doi: 10.1126/science.2683088

45. Shaywitz AJ, Greenberg ME. CREB: a stimulus-induced transcription factor
activated by a diverse array of extracellular signals. Annu Rev Biochem. (1999)
68:821–61. doi: 10.1146/annurev.biochem.68.1.821

46. Yin JC, Wallach JS, Del Vecchio M, Wilder EL, Zhou H, Quinn WG, et al.
Induction of a dominant negative CREB Transgene specifically blocks long-term
memory in drosophila. Cell. (1994) 79:49–58. doi: 10.1016/0092-8674(94)90399-9

47. Kandel ER. The molecular biology of memory: CAMP, PKA, CRE,
CREB-1, CREB-2, and CPEB. Mol Brain. (2012) 5:14. doi: 10.1186/1756-6
606-5-14

48. Bartolotti N, Segura L, Lazarov O. Diminished CRE-induced plasticity is
linked to memory deficits in familial Alzheimer’s disease mice. J Alzheimers Dis.
(2016) 50:477–89. doi: 10.3233/JAD-150650

Frontiers in Veterinary Science 13 frontiersin.org

https://doi.org/10.3389/fvets.2022.975112
https://doi.org/10.1002/ajp.10063
https://doi.org/10.1016/j.bbr.2016.05.041
https://doi.org/10.1002/cbic.200900552
https://doi.org/10.1126/science.2683088
https://doi.org/10.1146/annurev.biochem.68.1.821
https://doi.org/10.1016/0092-8674(94)90399-9
https://doi.org/10.1186/1756-6606-5-14
https://doi.org/10.3233/JAD-150650
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	A mink (Neovison vison) model of self-injury: Effects of CBP-CREB axis on neuronal damage and behavior
	Introduction
	Materials and methods
	Minks
	Mice
	Groups
	Behavioral testing
	Hematoxylin-eosin staining (HE)
	Immunohistochemistry (IHC)
	Cerebrospinal fluid (CSF) and serum collection in mice and minks
	Enzyme-linked immunosorbent assay (ELISA) for detecting neurofilament light chain (NfL) and neurofilament heavy chain (NfH) in minks and mice
	RNA extraction and quantitative real-time polymerase chain reaction (qRT-PCR) assay
	Western blotting analysis
	Evans blue analyses
	Chemicals
	Statistical analyses

	Result
	Behavior
	Minks with SIB exhibit serious nerve damage in brain
	CBP significantly up-regulated in the brain tissues of minks with SIB
	CBP-CREB interaction inhibitor significantly relieves SIB symptoms
	Pathological change after treatment with CBP-CREB interaction inhibitor

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


