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A B S T R A C T

Tripartite motif 34 (TRIM34) is a member of TRIM family that can be highly induced by type I Interferon.
Currently little is known about the subcellular localization and biological function of TRIM34. In the present
study, confocal microscope assay showed that TRIM34 proteins were mainly distributed in the cytoplasm and part
of TRIM34 proteins were localized to the mitochondria in human embryonic kidney 293T (HEK293T) cells.
Western blot results demonstrated FLAG-TRIM34 could also be identified in the mitochondrial fractions of
HEK293T cells transfected with the 50FLAG-pcDNA3.1-TRIM34 vector. The CCK-8 assay further demonstrated
that TRIM34 significantly decreased the viability of HEK293T cells. Nevertheless, TRIM34 had no apparent effect
on the cell cycle distribution. Interestingly, flow cytometry showed that TRIM34 could obviously induce apoptosis
in HEK293T cells. Moreover, we discovered that TRIM34 promoted apoptosis by inducing the loss of mito-
chondrial membrane potential (MMP) in HEK293T cells, leading to the release of cytochrome c from mitochondia.
In short, these results demonstrate that TRIM34 proteins can localize to the mitochondria and induce apoptosis
via the depolarization of MMP in HEK293T cells.
1. Introduction

TRIM34 belongs to the tripartite motif family and contains a RING
domain, two B-Box domains and a coiled-coil domain (RBCC) at the N-
terminal region [1, 2]. It has been shown that TRIM34 possesses at least
three kinds of isoforms [3]. The medium isoform consists of RBCC-B30.2
domain and is the main form of TRIM34 in various human organs [3].
The long isoform of TRIM34 is composed of RBCC-RBCC-B30.2 domain
and the short isoform possesses only RBCC domain. Human TRIM34 gene
is located on the chromosomal 11p15, clustering with a group of TRIM
homologous genes containing TRIM6, TRIM5 and TRIM22 [4,5]. Simi-
larly to many TRIM family members, TRIM34 can be stimulated
dramatically by Type I interferons in HeLa cells which predicates that
TRIM34 protein potentially mediates the biological function of in-
terferons [3]. The basal expression level of TRIM34 is low in unstimu-
lated human primary macrophages and lymphocytes. However, TRIM34
is significantly induced by type I or type II interferon in human primary
macrophages or lymphocytes [6]. Besides, TRIM34 is up-regulated by
influenza A virus (H1N1) or phosphorothioate CpG DNA stimulus in
mouse macrophages and DC, which is dependent on type I interferon
signaling passway [7].
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Previous studies have revealed that TRIM34 plays certain roles in
antiviral action. TRIM5α from rhesusmonkey is characterized by blocking
HIV-1 replication through targeting viral capsid, leading to premature
disassembly before reverse transcription [8, 9]. The RBCC domain from
rhesus monkey TRIM5α can be substituted by corresponding domain of
TRIM34 and the novel recombined proteins effectively suppress theHIV-1
replication [10]. TRIM34 can bind the capsid protein of HIV-1, however it
cannot obviously suppress the HIV-1 infection [11]. In addition, TRIM34
possesses a weak but specific restriction on HIV-2/SIV (MAC) and EIAV
[12]. Recently, evidences show that TRIM34 is associated with Parkin-
son's disease_ENREF_9. Epigeneticmodifications of specific genes, such as
methylated CpGs of TRIM34 andPDE4D,were related to the susceptibility
of Parkinson's disease to some degree [13].

Although many aspects of TRIM34 have been shown, the subcellular
location of TRIM34 and its function on cell cycle and apoptosis remain
unknown. In this study, we found that TRIM34 proteins were distributed
mainly in the cytoplasm and could localize to the mitochondria in
HEK293T cells. The CCK-8 assay showed that TRIM34 overexpression
significantly decreased the viability of HEK293T cells, nevertheless
TRIM34 had no apparent effect on the cell cycle distribution. Interest-
ingly, flow cytometry showed that TRIM34 could induce apoptosis in
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HEK293T cells. We speculate that TRIM34 potentially contributes to
apoptosis through the mitochondria passway. Thus, we also examined
the effect of TRIM34 on the MMP using Rodamine123, JC-1 or Mito-
Tracker Deep Red staining.

2. Methods

2.1. Plasmids construct

Human TRIM34 cDNAs were obtained by RT-PCR from HeLa cells
stimulated by INFα and cloned into pEGFP-N3 vector (Clontech) using
XhoI and HindIII restriction enzymes. For construction of the 50FLAG-
pcDNA3.1-TRIM34 vector, TRIM34 cDNA fragment was subcloned at the
ClaI and XhoI sites into 50FLAG-pcDNA3.1 vector (Invitrogen). Human
TRIM34 or TRIM22 cDNAs were also subcloned into the XhoI/HindIII
sites of pDsRed1-N1 (Clontech) respectively. The constructs described
here were verified by sequencing. The pEGFP-LC3B-h vector was pur-
chased from Wuhan Miaoling Bioscience & Technology.
2.2. Cell culture and transfection

HEK293T cells were cultured in DMEM (Hyclone) containing 10%
fetal bovine serum, 4.5 g/L glucose, 4.0 mM L-glutamine and sodium
pyruvate. Cells were maintained at 37 �C in humidified atmosphere of
5% CO2. For transfection, HEK293T cells were seeded in culture plates
(CORNING) or confocal dishes (NEST) for 20 h and transfected with
plasmids using Lipofectamine 2000 (Invitrogen) following the protocol
of manufacturer. Mitochondria were visualized by incubating cells with
MitoTracker Deep Red (100 nM) (Molecular Probes: M22426) for 30 min
at 37 �C with 5% CO2.
2.3. Cell counting kit 8 (CCK8) assay

HEK293T cells were seeded in 96-well plates at density of 1�104 cells
per well and incubated at 37 �C for 24 h. Five duplicate wells were set for
each group. The cells were transfected with 50FLAG-pcDNA3.1-TRIM34
or 50FLAG-pcDNA3.1 (0.2 μg/well) for 24 h. Then 10 μl of CCK-8
(Dojindo, Japan) was added and the cells were incubated for 2 h at 37
�C. At the end, the optical density was examined by Multiskan FC
microplate photometer (Thermo) at the wave length of 450 nm.
2.4. Cell cycle analysis by flow cytometry

HEK293T cells were cultured in 6 well plates at density of 3�105/
plate. The cells were transfected with the 50FLAG-pcDNA3.1-TRIM34
vector or 50FLAG-pcDNA3.1 vector (3 μg/well) for 24 h. The cells were
released by trypsinization and washed with cold PBS. Then the cell pel-
lets were suspended in 500 μl of propidium iodide solution (3.8 mM
sodium citrate, 20 μg/mL propidiumiodide, 0.1% Triton X-100, 20 μg/
mL RNase B) and incubated at 4 �C in the dark for 30 min. Finally, the
stained cells were analyzed by FACS Calibur flow cytometer (Becton-
Dickinson). Twenty thousand events were acquired and the data were
analyzed by Modfit software.
2.5. Apoptosis detection

HEK293T cells were seeded in 12-well plates and transfected with
vectors when cells reached 70%~80% of growth density, according to
Lipofectamine 2000 instructions. At 24 h post-transfection, the cells were
trypsinized, washed twice and suspended in 100 μl 1�binding buffer.
Then cells were incubated with 5 μl AnnexinV-PE and 5 μl 7-AAD (Bec-
ton-Dickinson) for 15 min at room temperature in the dark. Finally, 400
μl of 1�binding buffer was added to each tube and the samples were
detected by flow cytometry within 1 h.
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2.6. Confocal microscope assays

HEK293T cells were washed with PBS and fixed with 4% para-
formaldehyde at room temperature for 15 min. Then the cells were
permeabilized (0.1% Triton X-100) for 5 min and stained with DAPI for
10 min. Images were analyzed by Leica TCS SP5 confocal microscope
equipped with 63�oil immersion objectives. The results were acquired in
sequential scanmode and the specimens were excited at 405 nm, 488 nm,
543 nm or 633 nm wave length.

To quantify the colocalization degree in some confocal microscope
results, JACoP analysis plugin of ImageJ 1.50i was used to calculate the
Pearson's correlation coefficients (PCC). The extent of colocalization
from PCC value was sorted as very strong (0.85–1.0), strong (0.49–0.84),
moderate (0.1–0.48), weak (-0.26 to 0.09) etc [14].

2.7. Subcellular fractionation

Two different methods were applied to prepare the cell extracts. The
cells were washed with ice-cold PBS and lysed with ice-cold buffer A
containing 1.0% (vol/vol) Nonidet P40, 20 mM Tris-HCl (pH 8.0), 150
mM NaCl, 10% (vol/vol) glycerol, 1 mM NaF, 1 mM sodium pyrophos-
phate, 2 mM sodium orthovanadate and protease inhibitor cocktail
(Roche). After incubation on ice for 15 min, the supernatants were ob-
tained by centrifuging at 12,000�g for 15 min and the protein concen-
tration was detected by the BCA method.

The cells (2�107)were harvested by trypsinization, washed once in ice-
cold PBS and resuspended in 800 μl hypotonic buffer B (10 mMTris-Cl, pH
7.5, 1.5mMMgCl2, 10mMKCl, 1mMNa-EDTA, 1mMDTT, 0.5mMPMSF
and protease inhibitor cocktail) for 5 min on ice. Then, the cells were ho-
mogenized with 30 strokes using the pre-cooled dounce tissue grinder on
ice. The sucrose concentrationwas adjusted to250mMwith2Msucrose and
the homogenates were centrifuged at 700�g for 10 min at 4 �C to remove
the nuclei and unbroken cells. The supernatant was collected and pelleted
bycentrifugation at 10,000�g for 15min at 4 �C.Then, the supernatantwas
carefully collected and the pellet contained the mitochondria fraction. Af-
terwards, the supernatantwas centrifuged at 15000�g for 15min at 4 �C as
the mitochondria-free cytoplasmic fraction. The pelleted mitochondrial
fraction was washed with 500 μl buffer C (10 mM Tris-Cl, pH 7.5, 20 mM
EDTA, 250mM sucrose), and thenwere dissolved in 100 μl RIPA buffer (50
mMTris-HCl, pH8.0, 150mMNaCl, 0.1%SDS, 0.5% sodiumdeoxycholate,
1% Nonidet P-40) containing DTT and protease inhibitors. The protein
concentrations were determined by the BCA method.

2.8. Western blot analysis

Proteins from different groups were separated in 10% or 12% SDS-
polyacrylamide gel and transferred to the nitrocellulose membrane
(Pall). Then the membranes were washed with TBS-T and blocked in 5%
powdered-milk solution in TBS-T for 1 h. After washing with TBS-T, the
membranes were separately probed with antibodies of anti-FLAG (sigma,
F3165), β-actin (Cell Sigmaling, #4970), cytochrome c (Santa Cruz
Biotechnology, sc-13156) for 1 h. After washing with TBS-T, the mem-
branes were incubated with the secondary HRP-labeled anti-mouse
antibody (SouthernBiotech, 6170-05) or anti-rabbit antibody (South-
ernBiotech, 4030-05) for 1 h at room temperature. Proteins were visu-
alized by the ECL Plus Western Blotting Substrate (Thermo) according to
the manufacturer's directions.

2.9. Measurement of the MMP by Rhodamine 123

The MMP was monitored by Rhodamine 123 staining, which can be
selectively absorbed into the mitochondria. The depolarization of MMP
led to the loss of Rhodamine 123 from the mitochondria. Briefly,
HEK293T cells were seeded in 12-well plates to reach 50%–60%
confluence and were transfected with the 50-Flag-pcDNA3.1 or 50-Flag-
pcDNA3.1-TRIM34 vectors (1.5 μg/well). At 24 h post-transfection,



Figure 1. TRIM34 localized to both the mito-
chondria and cytosol. (A) HEK293T cells were
transfected with the pEGFP-N3-TRIM34 vectors
for 24 h. Then the cells were fixed, stained for
nuclei using DAPI (blue) and analyzed by
confocal microscope. Scale bar, 10 μm. (B)
HEK293T cells were transfected with pEGFP-
N3-TRIM34 or pEGFP-N3 vectors (control) for
24 h, then the mitochondria were stained with
MitoTracker Deep Red and the nuclei were
stained with DAPI (blue). Images were visual-
ized at � 63 oil immersion objectives by
confocal microscope. The scale bar represented
10 μm. The localization of TRIM34-EGFP to the
mitochondria was marked with arrows. Repre-
sentative results were presented, two additional
experiments yielded similar results. (C) The
Pearson's correlation coefficients were calcu-
lated by JACoP analysis plugin of ImageJ 1.50i.
The scale bar represented 5 μm. (D) HEK293T
cells were transfected with 50FLAG-pcDNA3.1
(vector), 50FLAG-pcDNA3.1-TRIM34 (TRIM34)
or subjected to mock transfection for 24 h. The
mitochondria fraction was prepared and the
expression of TRIM34 was examined by western
blot analysis. Representative results were pre-
sented and two additional experiments yielded
similar results. (E) HEK293T cells were
cotransfected with LC3B-EGFP/TRIM34-DsRed1
or LC3B-EGFP/TRIM22-DsRed1 for 48 h. Im-
ages were visualized at � 63 oil immersion
objectives using confocal microscope. The scale
bar represented 5 μm. Representative results
were presented and two additional experiments
yielded similar results.
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Rhodamine 123 (final concentration 1 μg/ml) was added into the cell
culture medium and incubated for 15 min at 37 �C in the dark. After
detachment by trypsinization, the cells were washed twice with cold PBS
and immediately analyzed by flow cytometer at 488 nm excitation wave
length.

2.10. Detection of the MMP by JC-1

The MMP was also measured using JC-1 Assay Kit (Shanghai Yeasen
Biological Technology Company). HEK293T cells were seeded in 12-well
plates and transfected with the 50-Flag-pcDNA3.1 or 50-Flag-pcDNA3.1-
TRIM34 vectors (1.5 μg/well). After 24 h, the cells were collected by mild
trypsinisation and centrifugation. The pellets were resuspended in the
JC-1 staining solution and incubated for 20 min at 37 �C in a CO2
incubator. Then the cells were washed twice with the JC-1 staining
buffer, resuspended in 500 μl staining buffer and analyzed by flow
cytometry. Excited by the laser at 488 nm wave length, the JC-1 aggre-
gates produced red fluorescence detected at the FL-2 channel, while the
JC-1 monomers produced green fluorescence detected at the FL-1 chan-
nel. The data were analyzed by FlowJo VX software.

2.11. Detection of the MMP by MitoTracker Deep Red

HEK293T cells were seeded in 12-well plates and transfected with the
pEGFP-N3 (control) or pEGFP-N3-TRIM34 vectors (1.5 μg/well). At 24 h
post-transfection, the cells were stained with MitoTracker Deep Red (5
nM) for 30 min at 37 �C with 5% CO2. After detachment by trypsiniza-
tion, the cells were washed twice with cold PBS and analyzed by flow
cytometry at 488 nm and 633 excitation wave length.

2.12. Statistical analysis

Each experiment was repeated at least three times, and the data were
expressed as mean � standard deviation (SD). All the statistical analyses
Figure 2. Effects of TRIM34 on the cell viability and cell cycle. (A) HEK293T cells w
then subjected to the CCK8 assay. The cell viability was detected by absorbance which
experiments, and data were showed as mean � SD. (B) HEK293T cells were transfec
cells were then harvested and stained with propidium iodide. The cell cycle distrib
dependent tests. (C) The cell cycle distribution was quantitative analyzed. Each bar
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were conducted by unpaired student's t-test using GraphPad Prism7.0
software (San Diego, USA). The differences were considered statistically
significant when the p-value was less than 0.05.

3. Results

3.1. TRIM34 localized to both the mitochondria and cytosol

Confocal microscope showed that TRIM34-EGFP was distributed
mainly in the cytoplasm and formed aggregates in HEK293T cells
(Figure 1A). Interestingly, part of the TRIM34-EGFP fusion proteins
localized to the mitochondria (Figure 1B). However, the EGFP proteins
alone did not localize to the mitochondria (Figure 1B). The Pearson's
correlation coefficient for the TRIM34-EGFP versus mitochondria was
0.607 analyzed by JACoP analysis plugin of ImageJ 1.50i software
(Figure 1C). Moreover, western blot analysis revealed that the FLAG-
TRIM34 proteins could be detected in the mitochondrial proteins
(Figure 1D). At the same time, we found that TRIM34-DsRed1 did not
colocalize with LC3B-EGFP, an autophagy marker, while TRIM22-
DsRed1 colocalized with LC3B-EGFP markedly (Figure 1E). This result
suggested that TRIM34 might have no effect on the autophagy-mediated
changes of mitochondrial mass.
3.2. Effects of TRIM34 on the cell viability and cell cycle

The CCK8 assay was performed to examine the role of TRIM34 on the
viability of HEK293T cells. HEK293T cells were transfected with the
50FLAG-pcDNA3.1-TRIM34 or 50FLAG-pcDNA3.1 vectors for 24 h, and
then the changes of cell viability was evaluated. As shown in Figure 2A,
TRIM34 significantly reduced the cell viability compared with the con-
trol group.

The effect of TRIM34 on the cell cycle distribution was investigated
by flow cytometry in HEK293T cells. As shown in Figures 2B and 2C,
ere transfected with 50FLAG-pcDNA3.1-TRIM34 or control vectors for 24 h, and
was measured at 450 nm. Results were obtained from at least three independent
ted with 50FLAG-pcDNA3.1- TRIM34 or 50FLAG-pcDNA3.1 vectors for 24 h. The
ution was analyzed by flow cytometry. Images were representative of three in-
represented means � SD from three independent experiments.



Figure 3. TRIM34 induced the apoptosis in HEK293T cells. (A) HEK293T cells were transfected with 50FLAG-pcDNA3.1-TRIM34 or 50FLAG-pcDNA3.1 vectors (1.5μg
each) for 24 h. Transfected cells were digested by trypsin and were double-stained with AnnexinV-PE and 7-AAD. The apoptosis rate was analyzed by flow cytometer.
(B) The percentage of apoptotic cells was quantitatively presented. Error bars indicated mean � SD for three independent experiments. *P < 0.05, compared to the
control. (C) HEK293T cells were transfected with pEGFP-N3-TRIM34 vectors (1.5μg) or subjected to mock transfection for 24 h. FSC/SSC plot was used to gate the
viable HEK293T cells. The percentages of AnnexinV-PEþ cells were determined by flow cytometry in HEK293T cells. (D) Histograms showed the percentage of
apoptosis cells (AnnexinV-PEþ cells). Results were presented as mean � SD (n ¼ 3). *P < 0.05, compared to the mock transfection group. (E) TRIM34 induced
morphological features of apoptosis. (F) The expression of FLAG-TRIM34 was measured by western blot analysis using anti-FLAG antibody. House-keeping gene β-actin
was used as a loading control.
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there were no significant differences between the TRIM34 group and the
control group in the cell cycle distribution.

3.3. Apoptosis induced by TRIM34

To ascertain whether TRIM34 could induce apoptosis, HEK293T cells
were transfected with 50FLAG-pcDNA3.1-TRIM34 or 50FLAG-pcDNA3.1
vector for 24 h, then the cells were analyzed by flow cytometry using
Annexin V-PE and 7-AAD double staining (Figure 3A). The proportion of
AnnexinV-PEþ cells that underwent apoptosis in early (AnnexinV-PEþ/7-
5

AAD-) and late phases (AnnexinV-PEþ/7-AADþ) increased to 12.44 % in
TRIM34 overexpressing group compared with the control group (7.07%)
(Figure 3B). This result indicated that TRIM34 decreased the cell viability
by inducing apoptosis. HEK293T cells were also transfected with the
pEGFP-N3-TRIM34 vector or subjected to mock transfection for 24 h,
followed by AnnexinV-PE and 7-AAD double staining. Flow cytometry
analysis showed that the TRIM34-EGFP positive cells displayed increased
levels of apoptosis compared with that of mock transfection group
(Figure 3C and D). At 24 h post-transfection, the microscope images
indicated that the cells undergoing apoptosis displayed typical



(caption on next page)

X. An et al. Heliyon 6 (2020) e03115

6



Figure 4. TRIM34 enhanced the mitochondrial depolarization and release of cytochrome c. (A) TRIM34-induced loss of MMP was measured by Rhodamine 123
method. HEK293T cells were transfected with 50FLAG-pcDNA3.1- TRIM34 or 50FLAG-pcDNA3.1 vectors for 24 h. Thereafter, the cells were stained with Rhodamine-
123 and analyzed by flow cytometry. Representative histograms were shown and the percentage of cells in depolarized zone (M1) was illustrated. (B) Quantification of
the cells with low MMP in Figure 4A. Results were presented as mean � SD in triplicates. *P < 0.05, compared to the control group. (C) TRIM34-induced mito-
chondrial depolarization was measured by JC-1 method. HEK293T cells were transfected with 50FLAG-pcDNA3.1-TRIM34 or 50FLAG-pcDNA3.1 for 24 h. Then the
cells were stained with JC-1 and subjected to flow cytometry analysis. Flow cytometry analysis showed the distribution of JC-1 aggregates (healthy cells, red fluo-
rescence) and JC-1 monomers (apoptotic cells, green fluorescence). (D) Histograms showed the percentage of JC-1 monomer-positive cells. Results were presented as
mean � SD (n ¼ 3). *P < 0.05, difference versus control vectors. (E) TRIM34-induced mitochondrial depolarization was measured by MitoTracker Deep Red method.
HEK293T cells were transfected with pEGFP-N3-TRIM34 or pEGFP-N3 vectors (control) for 24 h. Thereafter, the cells were stained with MitoTracker Deep Red and
analyzed by flow cytometry. FSC/SSC plot was used to gate (R1) the viable HEK293T cells. Next, the R1 gated events were analysed for the EGFP positive cells (R2).
The MMP was measured by the MFI of MitoTracker Deep Red, gating of events using R2. Overlays of the TRIM34-EGFP group (blue) and the pEGFP-N3 control group
(red) were shown. (F) Histogram showed the MFI of MitoTracker Deep Red between the TRIM34-EGFP group (blue) and the pEGFP-N3 control group, gating on the
EGFP-positive cells. Results were presented as mean � SD (n ¼ 3). *P < 0.05, difference versus control vectors. (G) HEK293T cells were transfected with 50FLAG-
pcDNA3.1-TRIM34 (TRIM34), 50FLAG-pcDNA3.1 (vector) or subjected to mock transfection for 24 h. The mitochondria-free cytoplasmic fraction was prepared and the
cytochrome c level was examined by western blot analysis. Representative results were presented and two additional experiments yielded similar results.
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morphological features, such as cell shrinkage, membrane blebbing
(Figure 3E). Western blot analysis showed the expression level of FLAG-
TRIM34 in the transfection group compared with the control group
(Figure 3F).

3.4. TRIM34 enhanced the mitochondrial depolarization leading to
cytochrome c release

The MMP is an important parameter for the function of mitochondria.
The effects of TRIM34 on the MMP were first examined by Rhodamine
123 staining. TRIM34 increased the percentage of HEK293T cells with
low MMP to 21.3%, compared with the control group (12.2%)
(Figure 4A). Quantitative data confirmed a significant decrease of the
MMP in TRIM34-overexpressing group compared with the control group
(Figure 4B).

The influence of TRIM34 on the MMP was also measured by JC-1
staining. As shown in Figure 4C, TRIM34 resulted in a significant in-
crease of JC-1 monomers in the TRIM34-overexpressing group (33.0%)
compared with the control group (21.5%). The quantitative analysis
confirmed the effect of TRIM34 on the increase of JC-1 monomer, which
showed in green fluorescence and implied low membrane potential
(Figure 4D).

The role of TRIM34 on the MMP was also measured by MitoTracker
Deep Red staining. Flow cytometry showed that the mean fluorescence
intensity (MFI) of MitoTracker Deep Red from TRIM34-EGFPþ cells was
evidently decreased compared with the EGFPþ control cells (Figure 4E
and F). These results indicated that TRIM34 caused a substantial loss of
the electric potential across the membrane of mitochondria. Western blot
also revealed that the release of cytochrome c was increased in the
TRIM34-overexpressing group compared with the control group (Figure
4G).

4. Discussion

TRIM family play important roles in innate immunity and contain
about 80 members [15]. TRIM proteins are characterized as E3 ubiquitin
ligases for RING-finger domain and categorized into 11 subgroups (C–I to
C-XI) on the basis of domain composition [4, 16, 17]. Rhesus monkey
TRIM5α is the first member of TRIM family associated with HIV-1 re-
striction [9]. In composition, TRIM34 is similar to TRIM5 and belongs to
the C-IV subgroup of TRIM family, containing the N-terminal RBCC
domain and C-terminal SPRY domain [4]. Full length of TRIM34 was first
cloned in 2000, however the subcellular localization and biological
function of TRIM34 remained unclear [3]. By MitoTracker Deep Red
staining, confocal analysis showed that TRIM34-EGFP was localized to
the mitochondria in HEK293T cells (Figure 1B). Western blot analysis
also showed that FLAG-TRIM34 could be detected in the mitochondrial
fraction (Figure 1D). Moreover, the CCK-8 assay demonstrated that
TRIM34 suppressed the viability of HEK293T cells (Figure 2A). However,
TRIM34 had no significant effect on the cell cycle distribution (Figure 2B
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and C), suggesting TRIM34 might impair the cell viability through other
means.

Apoptosis is very important on the physiological cell death and dis-
ease and can be activated by the extrinsic or intrinsic pathways [18]. The
extrinsic pathway is initiated by the death receptors upon ligand binding,
while the intrinsic pathway can be triggered by the loss of MMP [18].
Flow cytometry analysis demonstrated that TRIM34 induced the
apoptosis evidently in HEK293T cells (Figure 3B and D). Moreover,
TRIM34 could also lead to the typical apoptosis morphological changes,
such as cell shrinkage and membrane blebbing (Figure 3E). As TRIM34
localized to the mitochondria, it would be impossible that TRIM34 might
regulate the apoptosis via influencing the function of mitochondria.

Mitochondria are critical in the cell energy production and apoptosis
regulation [19, 20]. Previous studies demonstrate that certain proteins
translocate to the mitochondria and induce the MMP depolarization. For
instance, the Bax protein can insert into the mitochondrial outer mem-
brane, resulting in high permeability [21]. Dynamin related protein
(Drp1) facilitates the Bax protein to translocate to the mitochondria in
response to irradiation [22]. Besides, ING1 can translocate from the
nucleus to the mitochondria and accelerate the apoptosis via interacting
with the Bax protein [23]. On the contrary, some proteins can enhance
the MMP. Foxg1 localizes to the mitochondria in primary neuronal or
glial cell cultures, boosting the MMP and accelerating the mitochondrial
fission and mitosis [24]. Mfn2 proteins can also localize to the mito-
chondria and increase the MMP, accompanied by activating the mito-
chondrial metabolism such as Kreb's cycle and glucose oxidation [25].

The depolarization of MMP is supposed as the early event of
apoptosis, resulting in the release of cytochrome c and the activation of
caspase cascade. In this study, three types of fluorescent dye were used to
show the changes of MMP. First, we found that TRIM34 promoted the
loss of MMP in HEK293T cells (Figure 4A), using fluorescent voltage-
sensitive dye Rhodamine-123 [26,27]. Second, the fluorescent cationic
dye JC-1 is also selectively accumulated to the mitochondria [28]. At low
MMP, JC-1 exists in the form of monomers and emits green fluorescence
after laser excitation. At high MMP, JC-1 forms aggregates and emits red
fluorescence [29, 30]. Figure 4C showed that TRIM34 increased the
percentage of the cells with low MMP compared with the control cells.
Third, MitoTracker Deep Red is a new type of mitochondrion-selective
fluorescent dye and it can be retained in the mitochondria after fixa-
tion. We found that TRIM34 significantly decreased the MFI of Mito-
Tracker Deep Red compared with the control group (Figure 4E and F).
Moreover, western blot analysis demonstrated that TRIM34 remarkably
enhanced the release of cytochrome c from mitochondria compared with
the control group (Figure 4G).

Accumulated evidences indicate that TRIM34 can be induced by type
I interferon or viruses. Rajsbaum et al. found that influenza virus stim-
ulated the expression of TRIM34 in mouse macrophages and myeloid DC
in a type I interferon-dependent manner [7]. Moreover, the expression of
TRIM34 and TRIM22 were also enhanced upon type I interferon stimu-
lation in human macrophages [6]. Jiang et al. observed that TRIM34 was
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up-regulated remarkably by the toll-like receptor 3/4 stimulation in
THP1-derived macrophages [31]. Interestingly, TRIM22 enhanced the
expression and oligomerization of the pro-apoptotic protein Bak in THP-1
monocytes [32]. As a result, TRIM22 improved the apoptotic rate of
THP-1 monocytes treated with lipopolysaccharides (LPS) [32]. We hy-
pothesized that TRIM34 might cooperate with TRIM22 to negatively
regulate immune response to avoid harm.

In short, our findings demonstrate that TRIM34 brings about the
mitochondria-dependent apoptosis by inducing the disruption of MMP in
HEK293T cells. This study provides new insights into the role of TRIM34
in negatively regulating the function of mitochondria.
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