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Abstract

To investigate the role of Trim32 in traumatic brain injury (TBI), adult male Sprague Dawley (SD) rats and mice were randomly
divided into sham (n = 6) and TBI groups (n = 24), respectively. Then, mice were assigned into Trim32 knockout mice
(Trim32-KO [+/—]) and wild-type (WT) littermates. The TBI model used was the Feeney free-falling model, and neurological
function was evaluated after TBI using a neurological severity score (NSS). Reverse transcription polymerase chain reaction
(RT-PCR), Western blot, and immunohistochemistry were used to investigate the expression of Trim32 in the damaged
cortex. Cell apoptosis in the cortex was detected by terminal-deoxynucleoitidyl transferase-mediated dUTP nick end labeling
(TUNEL) staining. Moreover, Trim32-KO (+/—) mice were used to determine the effect of Trim in neurological repair after
TBI. Results showed the NSS scores in TBI rats were significantly increased from day | to day || postoperation, compared
with the sham group. Trim32 messenger RNA (mRNA) expression in the cortex was significantly increased at 7 d after TBI,
while the level of Tnr and cytochrome c oxidase polypeptide 5A mRNA didn’t exhibit significant changes. In addition, Western
blot was used to detect the level of Trim32 protein in the cortex. Trim32 expression was significantly increased at 7 d after
TBI, and immunoreactive Trim32-positive cells were mainly neurons. Moreover, Trim32-KO (+/—) mice with TBI had lower
NSS scores than those in the WT group from day | to day || postoperation. Meanwhile, Trim32-KO (+/—) mice had a
decreased number of TUNEL-positive cells compared with the control group at 3 d postoperation. Protein 73 (p73)
decreased at 7 d postoperation in Trim32-KO (+/—) mice with TBI, when compared with WT mice with TBI. Our study is the
first to confirm that suppression of Trim32 promotes the recovery of neurological function after TBI and to demonstrate that
the underlying mechanism is associated with antiapoptosis, which may be associated with p73.
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Introduction

With the development of transportation, the incidence of
traumatic brain injury (TBI) is increasing with accidents.'
Although there has been continuous improvement in surgical
treatments and innovative therapeutic drugs have been used
to improve neural repair after TBI, the treatment results have
been far from satisfactory for many patients. As a result,
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neurological impairments, such as motor dysfunction,
learning, and memory loss, occur, which seriously affect
the quality of life of TBI patients.' Therefore, finding
effective targets to reduce complications and further
improve therapeutic outcomes are of vital importance for
scientists and doctors.

Trim32, which belongs to the tripartite motif (Trim) pro-
tein family, is characterized with the RING finger, B-box,
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Table I. Producer for Gene Expression between Sham and TBI in
the Traumatic Penumbra Area of Rats or Mice.

Groups n | hpo 6 hpo 24 hpo 7 dpo
Sham 6 RT-PCR
WB
TBI 24 RT-PCR RT-PCR  RT-PCR  RT-PCR
WB WB WB WB

Abbreviations: TBI, traumatic brain injury; RT-PCR, reverse transcription
polymerase chain reaction; WB, Western blot; hpo, hour(s) postoperation;
dpo, day(s) postoperation.

and coiled-coil domain structures that exist in this protein
family, along with an additional NHL domain at the C ter-
minus.* " It has been reported that Trim 32 acts as an E3
ligase for actin, a protein inhibitor of activated signal trans-
ducers and activators of transcription (STAT) y, dysbindin,
and c-Myc. Mutations in Trim32 are responsible for several
hereditary disorders including limb girdle muscular dystro-
phy type 2H, sarcotubular myopathy, and Bardet-Biedl syn-
drome,® !¢ and it is also associated with diseases such as
muscular dystrophy and epithelial carcinogenesis. In addi-
tion, a previous study showed that the expression of Trim32
is elevated in skin carcinogenesis, thus protecting keratino-
cytes from apoptosis, up to date by ultraviolet radiation b and
tumor necrosis factor o..'” Recently, it has been reported that
Trim32 has important and diverse functions in brain physiol-
ogy and diseases, such as Alzheimer disease,'® neurogen-
esis,lg mood disorders.’ However, the role of Trim32 in
TBI has not yet been reported.

Here, we screened the expression of Trim32 in TBI rats
and TBI mice and then used Trim32 knockout mice
(Trim32-KO [+/—]) to determine the role of Trim32 in neu-
rological repair and possible mechanisms of action in an
effort to ascertain whether Trim32 is a viable target for TBI
therapy in the future.

Materials and Methods
Animals

Adult Sprague Dawley (SD) rats (weighing 180 to 220 g) and
wild-type mice (weighing 20 to 40 g) were provided by the
Animal Experimental Center of Kunming Medical Univer-
sity. Trim32-KO (+/—) mice (weighing 20 to 40 g) were
provided by the molecular clinic institution (laboratory of
Dr. Xiao). This research was approved by the Kunming
Medical University. Animal Care and all procedures were
performed in accordance with the guidelines of the Chinese
Academy of Sciences. Animals were randomly divided into
different groups as indicated in Tables 1 and 2.

TBI Model Preparation and Sample Collection

Experimental animals were anesthetized with 3.6% chloral
hydrate (Sigma-Aldrich, St Louis, MO) by intraperitoneal
(ip) injection (1 mL/100 g), and the hair from the top of the

head was shaven using an electric shaving knife. The head
skin was disinfected through routine use of medical iodine
solution. The scalp was incised along the sagittal suture line
and then bregma, after fontanelle and sagittal sutures, was
clearly exposed. A bone window (5 mm in diameter) was
opened with a dental drill via the midpoint of the bregma
connection with the posterior fontanelle in the left margin 1
mm of the sagittal line. The animals were placed below free-
fall hammer, and a cushion was placed into the bone window
so as to touch the brain tissue. Then a 50-g hammer was
allowed to fall down from a 30-cm high position to induce
TBI in rats. After percussion, the crash lever was removed
immediately, and the skin was sutured after hemostasis. Rats
or mice in the sham group were only exposed to surgery for
creating a bone window, without TBI. After surgery, mice
were given ampicillin (dose 5 IU; Sigma-Aldrich) every day
and rats were given daily ampicillin (dose 15 IU; Sigma-
Aldrich) via ip injection for 3 d.

A total of 30 rats and 30 mice were euthanized at 1 h, 6 h, 24
h, and 7 d postoperation. The traumatic penumbra area from the
ipsilateral injured brain and a similar area from the sham tissues
were reserved for Western blot and reverse transcription poly-
merase chain reaction (RT-PCR; Table 1). A total of 18 mice
were euthanized for standard gross at day 3 postoperation. All
mice were transcardially perfused with 0.01 M phosphate-
buffered saline (PBS), followed by 4% paraformaldehyde
(PFA; Suolai Po Biological Technology Co., Ltd., Shanghai,
China) in PBS for immunofluorescence. Then other mice were
harvested freshly for PCR and Western blot (Table 2).

Behavioral Testing

The behavioral deficits after TBI were assessed according to
neurological severity score (NSS). The traumatized rats were
evaluated at 1, 3,5, 7, and 11 d postoperation, and the trauma-
tized mice were tested at 1, 3, 5,7, 9, and 11 d postoperation.
All behaviors were evaluated at 9:00 AM. Three observers
were asked to perform NSS evaluation using a double-blind
method, and the average score from 3 observers was calculated.

Reverse Transcription Polymerase Chain Reaction

Total RNA was isolated from the traumatic penumbra area
from the ipsilateral injured brain of rats using TRIzol reagent
(Invitrogen, Carlsbad, CA). Complementary DNA was
synthesized by using Oligo (dT) 18 and moloney murine
leukemia virus (MMLV) reverse transcriptase (Promega,
Madison, WI). Primers were designed by Primer Premier
5.0 software (Premier, Palo Alto, CA) and synthesized by
Takara Biological Company (TaKaRa, Shiga, Japan), which
are described in Table 3.

Western Blot

Standardized Western blot protocols were used to perform
quantification of protein levels for each time point in the
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Table 2. Mice Grouping for Behavior, Morphology, and Molecule in Sham-, WT- and Trim32-KO(+/—)-TBI in the Traumatic Penumbra

Area.

Groups n | dpo 3 dpo 5 dpo 7 dpo 9 dpo I'l dpo

Sham 12 NSS NSS NSS NSS NSS NSS
TUNEL PCR/WB

Trim32-KO (+/—)-TBI 12 NSS NSS NSS NSS NSS NSS
TUNEL PCR/WB

WT-TBI 12 NSS NSS NSS NSS NSS NSS
TUNEL PCR/WB

Abbreviations: WT, wild type; TBI, traumatic brain injury; dpo, day(s) postoperation; WB, Western blot; Trim32-KO (+4/—), Trim32 knockout mice; NSS,
neurological severity score; PCR, polymerase chain reaction; TUNEL, terminal-deoxynucleoitidyl transferase-mediated dUTP nick end labeling.

Table 3. Primer Names, Sequences, and PCR Reaction Conditions.

Gene Primers

Temperature (°C)

Trim32 (rats)

Forward: 5 CGGAGCATGGAAGTCACAG 3 60

Reverse: 5 ACCACAGCCAGGAAACCC 3’

Tnr (rats)

Forward: 5 CCT GGT CGG GAA CAA AGT 3/ 60

Reverse: 5 TTC ATC TGC CGC ACA ATT 3’

COXG5A (rats)

Forward: 5 AGT TGG GAG GCT ATG TTG C ¥ 60

Reverse: 5 TGC GGT TGG AAA TCT GTC 3’

Trim32 (mouse)

Forward: 5 GCATCCAGGAAGAGCTAG 3/ 60

Reverse: 5 CTCTACCACTTGACTGTTG 3/

TAp73 (mouse)

Forward: 5 GCACCTACTTTGACCTCCCC 3/ 60

Reverse: 5 GCACTGCTGAGCAAATTGAAC 3’

GAPDH (rats)

Forward: 5 GTC CTT GAT CAC CCG ATT C 3/ 60

Reverse: 5 TCC TGT GTG CTT TCC ATT C 3’

B-Actin (rats)

Forward: 5 GAAGATCAAGATCATTGCTCCT 3/ 52

Reverse: 5 TACTCCTGCTTGCTGATCCA 3

GAPDH (mouse)

Forward: 5 TGTGTCCGTCGTGGATCTGA 3’ 60

Reverse: 5 CCTGCTTCACCACCTTCTTGA 3’

B-Actin (mouse)

Forward: 5 TCACTATTGGCAACGAGCGGTTC 3’ 52

Reverse: 5 GCACTGTGTTGGCATAGAGGTCTT 3/

Abbreviation: GAPDH, Glyceraldehyde-3-phosphate dehydrogenase.

ipsilateral injured brain and a similar area from the sham
tissues. After carefully rinsing in cooled PBS, these tissues
were homogenized on ice in a lysis buffer (Biyuntian,
Shanghai, China) containing 0.05 M Tris—HCI (pH7.4;
Amresco, Solon, OH, USA), 0.5 M ethylenediaminetetraa-
cetic acid (Amresco), 30% Triton X-100 (Amresco, Solon,
OH, USA), NaCl (Amresco, Solon, OH, USA), 10% sodium
dodecyl sulfate (Sigma-Aldrich), and 1 mM phenylmethane-
sulfonyl fluoride (Amresco, Solon, OH, USA) and centri-
fuged at 12,000 rpm (13362 g) for 15 min at 4 °C. The
supernatant samples were frozen at —80 °C for later use.
The protein concentrations were determined with all the
samples on the same plate using the bicinchoninic acid pro-
tein assay kit and measuring absorbance at 562 nm with a
Skanlt software 3.2 of ThemoTypel510.

For quantification of the protein, 100 g of protein was
loaded per well, then protein separation was performed using
a 4% stacking gel followed by a 10% separation gel. Gels
were run for 2 h at 100 V and 4 °C with constant stirring.
Following gel separation, proteins were transferred to poly-
vinylidene fluoride (PVDF) membrane (Millipore, Billerica,

MA), a wet transfer setup at 350 mA for 2.5 hours. Following
protein transfer to PVDF membrane, blots were washed 3
times with Tris-buffered saline (TBS) and blocked with 5%
milk in TBS for 2 h at room temperature. Then, PVDF
membrane was washed 3 times with 0.1% Tween-20 + TBS
(TBST) at room temperature with constant agitation. The
primary antibody for Trim32 (1:300; Abcam, Cambridge,
United Kingdom) and protein 73 (p73) (1:500; Abcam) was
applied and incubated overnight at 4 °C. Following incubation
with the primary antibody, the membrane was washed 3 times
with TBST for 10 min each, again. Lastly, the membrane was
incubated with a horseradish peroxidase—conjugated goat
antirabbit immunoglobulin G (IgG) (1:5,000; Vector Labora-
tories, Lowellville, Ohio, USA) for 2 h at room temperature
and washed as described above. Then membrane was devel-
oped in ECL kit, and pictures were captured by Bio-Gel Ima-
gining system (Horcules, CA, USA) equipped with Image Lab
software (NIH, Bethesda, MD, USA). Densitometry analysis
for Trim32 and p73 protein was performed. -Tubulin (1:500;
Santa Cruz Biotechnology, Santa Cruz, CA, USA) was used
as internal control.



Zhang et al

1279

Immunohistochemistry

To detect the localization of Trim32 in the cortex, rats were
deeply anesthetized and transcardially perfused with 4%
PFA in 0.05 M PBS. Then brain was harvested and fixed
in PFA at 4 °C. For immunofluorescent staining, frozen
sections of 15-mm thickness were cut with a vibratome
microtome (Leica CM 1900, Watzlar, Hesse-Darmstadt, Ger-
many), and sections were collected in wells containing 0.05
M PBS. Trim32 antibody (1:500, rabbit; ZSGB, Bei Jing,
China) was used to label cells in the cortex, and NeuN anti-
body (1:500, mouse; ZSGB, Bei Jing, China) was used, also.
After incubation with primary antibody, the sections were
incubated with fluorescent secondary antibody working solu-
tion 488 (1:400, antirabbit; ZSGB, BeiJing, China; 1:400,
antimouse; Invitrogen) for 30 min at 37 °C. Sections were
rinsed as described above and coverslipped with ProLong
Gold antifade reagent with 4’,6-diamidino-2-phenylindole
(Invitrogen). Images were acquired with a Leica DMI 6000
B inverted microscope.

TUNEL Staining

Sections from each group at 3 d after TBI (Trim32-KO
[+/—]1, n = 3; wild type, n = 3; sham-TBI, n = 3) were
analyzed by terminal-deoxynucleoitidyl transferase-
mediated dUTP nick end labeling (TUNEL) assay. The
broken fragment was labeled using the In Situ Cell Death
Detection Kit (fluorescence; Roche, Mannheim, Germany),
according to the manufacturer’s instructions. TUNEL-positive
nuclei were counted in the cortex in 3 coronal sections for each
animal, with 3 animals per group.

Statistical Analysis

All data were expressed as the mean + standard deviation
(x+s). They were analyzed using 1-way analysis of variance
and least significant difference (LSD) q test using the SPSS
17.0 software package (IBM, Armonk, NY). Statistical sig-
nificance was defined as P < 0.05.

Results
Neurobehavioral Evaluation in TBl-Induced Rats

The neurological function deficits in both sham and TBI
groups in rats were recorded. A leading increase in NSS
scores was found in the TBI group, compared to the sham
group, especially at 1, 3, and 7 d post-TBI, P <0.05 (Fig. 1).
However, there was a restorative tendency in NSS scores as
time passed after injury.

Upregulation of Trim32 in Rats and Mice

The messenger RNA (mRNA) expression of Trim32 in the
cortex in the TBI group was detected by RT-PCR. Results
indicated that it was enhanced at 7 d postoperation, com-
pared with the sham group, and that it was significantly

(@)

®) 1o,

e Sham
m TBI

<
- -

Neurological severity score
*

2 4 6 8 10 12
Days post operation

Figure |. The neurological severity score (NSS) score of rats at
different time points after traumatic brain injury (TBI). (a) The
morphologic change of traumatic brain injury (TBI) in rats. (b) The
NSS score of the TBI group was significantly increased, especially
from | to 7 d after TBI. *P < 0.05.

increased at 7 d postoperation, compared with 6 and 24 h
postoperation, P < 0.05 (Fig. 2a, b). However, the mRNA
expression of Tnr and cytochrome ¢ oxidase polypeptide SA
(COXS5A) was not significantly changed at 1 h, 6 h, 24 h, and
7 d postoperation (Fig. 2c, d). Moreover, the protein level of
Trim32 in injured cortex detected by Western blot showed
that it was significantly increased at 7 d postoperation, com-
pared with other time points, P < 0.05 (Fig. 2e). Meanwhile,
the mRNA and protein levels of Trim32 in TBI mice also
increased at 7 d postoperation, compared to the sham group,
P <0.05 (Fig. 3a, b).

Immunofluorescent Staining for Trim32 and NeuN

Immunofluorescent staining showed that Trim32-positive
reactants were mainly distributed in the cytoplasm of neurons
in the cortex. Most of neurons in the cortex expressed Trim32,
according to the results of the cytoplasm staining (Fig. 4).

Neurobehavioral Evaluation of Mice

Deficits in neurobehavioral function in TBI-induced mice
were present but gradually improved over time. Moreover,
we can see that the NSS scores of Trim32-KO (4/—) mice
exhibited a significant improvement at 1, 3, 7, 9, 11 d after
injury compared to the scores of WT-TBI mice (P < 0.05
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Figure 2. The expression of Tnr, Trim32, and cytochrome c oxidase polypeptide 5A (COX5A) at different time points after traumatic brain
injury (TBI) in rats. (a) Reverse transcription polymerase chain reaction (RT-PCR) results in injured cortex and sham-operated rats. 3-Actin
was used as control. Marker was in the left side and then from left to right is sham, | h, 6 h, 24 h, and 7 d postoperation, respectively. The
bands (7 d postoperation) are obviously brighter than others. (b to d) The messenger RNA (mRNA) expression of Trim32, Tnr, and
COXGS5A in the cortex. B-Actin was used as control. (€) This is to exhibit the protein level of Trim32. B-Actin was used as control. Lane | in
the left side displays the protein band in the sham-operated group, and lanes 2 to 5 show the protein band at | h, 6 h, 24 h, and 7 d
postoperation, respectively. The relative translation of Trim32 was higher in 7 d postoperation. *P < 0.05 compared with the sham group.

compared with the sham group, P < 0.05 compared with the
WT-TBI group; Fig. 5).

TUNEL Detection

In the sham-operated cortex, there were hardly any apoptotic
cells that could be seen. However, the TUNEL-stained positive
cells from TBI mice presented a significant increase compared
to sham-operated mice at 3 d, which showed a statistic

significance postinjury (P < 0.05). The number of TUNEL-
stained positive cells in Trim32-KO (+/—) mice was signifi-
cantly suppressed compared to WT-TBI mice (P <0.05; Fig. 6).

The Expression of p73

The mRNA expression of p73 in the cortices of WT mice
was detected by RT-PCR, and results indicated that it was
enhanced at 7 d postoperation, compared to the sham group.
The mRNA expression of p73 in the cortex in Trim32-KO
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Figure 3. The expression of Trim32 at 7 d after traumatic brain injury (TBI) in mice. (a) Reverse transcription polymerase chain reaction
(RT-PCR) results in the injury cortex and sham-operated mice. 3-Actin was used as control. (b) This is to exhibit the protein level of Trim32.
B-Actin was used as control. Lane | in the left side displays the protein band in the sham group, and lane 2 shows the protein band at 7 d
postoperation. The relative translation of Trim32 was higher at 7 d postoperation. *P < 0.05 compared with the sham group.

DAPI

Trim32

Figure 4. The results of immunohistochemical staining for
4/ ,6-diamidino-2-phenylindole (DAPI), NeuN, and Trim32. The distri-
bution of NeuN and Trim32 in damage cortex at | | d posttrauma of
mice. Bars = 20 um (shown in Trim32), also applied to other panels.

(+/—) mice decreased at 7 d postoperation compared to WT
mice (P < 0.05; Fig. 7).

Discussion

In this study, using free-fall hammer-controlled cortical
impact device, we induced a TBI model, which can cause
impairment in the animals’ motor function. Neurobehavioral
assessment indicated that the motor function of rats and mice
was substantially damaged after TBI, as evidenced by NSS
scores. Moreover, Trim32, a crucial molecule that has not
been previously reported in the context of TBI, has been
found to be enhanced in the cortical regions of the brain.
These findings show that trauma may deteriorate brain cells,

BWT ® Trim32-KO(+/-)

NSS Scores

1dpo

3dpo Sdpo Tdpo

Days post operation (dpo)

9dpo 11dpo

Figure 5. The neurological severity score (NSS) score at different
time points after traumatic brain injury (TBI) from contusion mice
and Trim32 knockout mice (Trim32-KO [+/—]) mice. The NSS in
wild-type (WT)-TBI mice was significantly higher than in Trim32
knockout mice (Trim32-KO [+/—]) mice at |, 3,5,7,9, |1 d
postoperation. *P < 0.05 compared with the sham group; #P <
0.0l compared with the WT-TBI group.

which results in a substantial impairment of brain function.
The underlying mechanism for this process may be related to
the expression of multiple genes, and Trim32 may be an
important gene to evaluate. In order to determine the role
of Trim32 in TBI events, we utilized the Trim32 knockout
mouse to explore the function of Trim32 in TBI. We found
that knockout of Trim32 inhibited neuronal apoptosis and
improved behavior in TBI mice. The findings in the present
study therefore suggest that Trim32 may play a crucial role
in TBI and that administration of Trim32 could be useful for
the treatment of neurological disease.

Neurological Deficits Were Induced in TBI Condition

In this study, TBI caused motor deficits that were a significant
behavioral problem. Enhanced NSS scores indicated a severe
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Figure 6. TUNEL staining in the cortex at 3 d from traumatic brain injury (TBI) and Trim32 knockout mice (Trim32-KO [+/—]) TBI mice.
This is to exhibit the results of TUNEL staining in sham-operated, wide-type TBI, and Trim32 KO (+/—) TBI mice. Bars = 50 pm in the
pictures of Trim32 KO and wild-type (WT) group. Bars = 20 um in the images of sham group, applied to all panels. *P < 0.05 compared with
the sham group; #P < 0.05 compared with the WT-TBI group; TUNEL, terminal-deoxynucleoitidyl transferase-mediated dUTP nick end

labeling.

deterioration in neurological function. Previous studies
have confirmed that TBI results in neurological deficits and
deterioration of physiological function that contribute to
decreased quality of life in mice, rats, monkeys, and human
beings.>* Therefore, controlling the development of TBI-
induced deficits in the cortex and protecting neurons from
secondary injury to maintain neurological function are very
important objectives for doctors and scientists. Before clin-
ical trials commence, mechanistic studies of TBI-induced
secondary injury are important, and key molecular events
should be elucidated. In the present study, we screened the
expressions of Trim32, Tnr, and COX5A and determined
that Trim32 may be an important molecular target in TBI-
induced cell injury.

Indication of Trim32 Expression in Cortex after TBI

The level of mRNA for Trim32 in the trauma penumbra of
the cortex in rats and mice was distinctly elevated at 7 d
postoperation, while TNR and COX5A mRNA expression
level had no overt change at each time point after injury;
Western blot also exhibited an increased Trim32 protein
level in the cortex of both rats and mice at 7 d postoperation.
This experiment showed that endogenous Trim32 was trig-
gered after TBI. It has been reported that the expression of
Trim32 is elevated during mouse skin carcinogenesis'’ and
that Trim32 is elevated both in the epidermal lesions of
human psoriasis®' and in muscle undergoing remodeling due
to changes in weight bearing.>> Here, we found that both
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Figure 7. The expression of p73 at 7 d after traumatic brain injury (TBI) from TBI mice and Trim32 knockout mice (Trim32-KO [+/—]) TBI
mice. (A) Reverse transcription polymerase chain reaction (RT-PCR) results of p73 in TBl mice and Trim32 KO (+/—) TBI mice. B-Actin was
used as control. (B) This is to exhibit the protein level of p73. 3-Actin was used as control. Lane | in the left side displays the protein band in
the sham group, lane 2 shows the protein band in wild-type (WT)-TBI mice, and lane 3 shows the protein band in Trim32 KO (+/—) TBI
mice. The relative translation of p73 was lower in Trim32 KO (4+/—) TBI mice. *P < 0.05 compared with the sham group; #P < 0.05

compared with the WT-TBI group.

mRNA and protein levels of Trim32 were upregulated at 7 d
postoperation, which demonstrated that Trim32 might play
an important role in the lesions or recovery process in the
brain after TBI. Our findings are the first to show changes in
Trim32 in the cortex after TBI, suggesting that Trim32 may
be a critical molecule in TBI events.

Trim32 Knockout Improves Neurological Function
in TBI Mice

The NSS scores of both WT and Trim32-KO (+/—) mice
with TBI were gradually reduced at different time points
after injury, but the NSS scores of Trim32-KO (+/—) trans-
genic mice with TBI exhibited significant lower scores than
that of WT-TBI mice at 1, 3,7, 9, and 11 d posttrauma. This
demonstrated Trim32 had a neuroprotective effect on TBI-
induced mice. As no literature could be found on the rela-
tionship between Trim32 and TBI, we hypothesized the
effect of Trim32 in TBI may be related to cell proliferation
and apoptosis, as Trim32 is involved in cell differentiation,
oncogenesis, and apoptosis. Here, we first discovered that
knockout of the Trim32 gene can significantly improve neu-
rological function in TBI mice, and the underlying mechan-
ism is regulation of cell apoptosis.

TUNEL Staining Deduced the Role of Trim32 in TBI

We showed that TUNEL-stained positive cells in trauma
penumbra of WT-TBI mice were significantly increased
compared to those of sham TBI mice at 3 d after injury. In
Trim32-KO (+/—) mice, TUNEL-stained positive cells were
significantly decreased compared to WT-TBI mice at the
same time postinjury. This suggests that Trim32 downregula-
tion can effectively reduce cellular apoptosis in the cortex

after TBI. Previous studies have shown that members of the
Trim protein family are involved in various cellular processes,
such as cell proliferation, differentiation, development, onco-
genesis, and apoptosis.”> Trim32 overexpression enhances X-
linked inhibitor of apoptosis ubiquitination and subsequent
proteasome-mediated degradation, whereas Trim32 knock-
down has the opposite effect?®; TAp73 binds to the Trim32
promoter and activates its expression,”> and Trp73, a member
of the protein 53 (p53) gene family, plays a crucial role in
neural development.”® Both WT p73a and p73b polypeptide
expression can induce cellular apoptosis in SAOS2 of osteo-
sarcoma cells and BHK cell lines of baby hamster kidney
cells.?”® Therefore, we believe that TAp73 can activate
p53 in the same way as the p53 gene p21,%° inhibiting cell
proliferation and inducing apoptosis. Trim32 downregulation
reduced apoptosis, possibly through feedback inhibition of
TAp73, which is consistent with our result pertaining to p73.

Trim32-Positive Reactants Were Mainly Localized
in Neurons

Our experimental results show that Trim32-positive reac-
tants were mainly located in neurons. Various reports indi-
cated that Trim32 was present in the mitochondria and
endoplasmic reticulum,* which are plentiful in neurons.
Therefore, there exists an important link between neurons
and Trim32. Trim32 binds to the protein kinase C and is
retained in the cytoplasm of neural cells.’® In addition, it
was found that the Trim32 protein was localized in the ske-
letal muscle cytosol.*'*? Our finding is consistent with the
literature, as we showed that Trim32 is located in neurons in
the central nervous system.

A recent study found that overexpression of Trim32 in
HL60 cells suppressed cellular proliferation,®® while
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overexpression of Trim32 in mouse neuroblastoma cells
resulted in enhancement of neural differentiation.** More-
over, Trim32 deficiency induced more neural progenitor
cell proliferation and less cell death,'® and Trim32 facili-
tated cell growth and migration via degradation of Abl-
interactor 2.%> Therefore, the role of Trim32 varies under
different conditions.

Conclusion

In summary, TBI causes severe motor deficits and downregu-
lation of Trim32 facilitated recovery of neurological function.
The mechanism underlying recovery most likely involves
suppression of neuronal apoptosis in the injured cortex.
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