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Abstract. The expression of transmembrane and ubiquitin-like 
domain containing 1 (Tmub1) is upregulated during liver regenera-
tion, however, the function and underlying molecular mechanisms 
responsible for Tmub1 action remain to be determined. This study 
utilized BRL-3A rat liver cells for Tmub1 shRNA lentivirus infec-
tion and IL-6 stimulation. Semi-quantitative RT-PCR and western 
blot analysis were used to detect mRNA and protein expression 
levels, respectively. A [3H]thymidine incorporation assay was 
performed to assess changes in cell proliferation rates. Laser 
scanning confocal microscopy and immunoprecipitation-western 
blotting were used to assess the interaction between Tmub1 and 
calcium-modulating cyclophilin ligand (CAML) protein. The 
effect of Tmub1 on calcium ion influx into BRL-3A cells was 
measured by inverted fluorescence microscopy. The data showed 
that IL-6 treatment induced proliferation of rat hepatocytes and 
expression of Tmub1 mRNA and protein, while Tmub1 shRNA 
knocked down Tmub1 expression at both the mRNA and protein 
levels. Furthermore, compared to the negative control, Tmub1 
shRNA-infected BRL-3A cells were highly proliferative with 
or without IL-6 stimulation. Tmub1 is colocalized with CAML 
in the hepatocellular cytoplasm, whereas knockdown of Tmub1 
expression upregulated expression of CAML protein. Influx of 
Ca2+ into rat liver cells was also affected after Tmub1 knockdown. 
The data from the current study demonstrate that Tmub1 plays a 
negative role in IL-6-induced hepatocyte proliferation, and indi-
cate that the interaction between Tmub1 and CAML may mediate 
the function of Tmub1 in hepatocytes.

Introduction

Tissue regeneration to replace damaged or lost cells plays an 
important role in maintaining homeostasis in the human body. 
Although different cells have different capabilities of regen-

eration or division, liver cells usually have strong regeneration 
abilities after liver injury or damage; hepatocytes rapidly 
proliferate to replace the damaged or lost cells. Nevertheless, 
cell regeneration is an extremely complex process that requires 
tight regulation of genes at both the transcriptional and transla-
tional levels. The resulting newly synthesized proteins interact 
with each other to promote the proliferation of adequate 
numbers of cells. Thus, investigation into the molecular regu-
lation and mechanisms underlying hepatocellular proliferation 
will increase our understanding of the physiological processes 
of carcinogenesis.

Transmembrane and ubiquitin-like domain containing 1 
(Tmub1) protein, also called hepatocyte odd protein shuttling 
(Hops), was first discovered by Della Fazia et al (1) through 
analysis of a hepatocellular cDNA library from a partial rat 
hepatectomy. The data showed that Tmub1 expression was nearly 
undetectable in normal liver tissues, but significantly increased 
after partial rat hepatectomy with peak levels occuring 48 h 
post-operation. Tmub1 protein localized to both the nuclei and 
cytoplasm of regenerating hepatocytes after the partial rat hepa-
tectomy. Another study revealed that overexpression of Tmub1 
inhibited proliferation of hepatoma H-35 and NIH-3T3 cells 
in vitro. At the molecular level, Tmub1 interacts with eukaryotic 
elongation factor-1A (eEF-1A) to affect protein synthesis, which 
could be the potential mechanism by which cell proliferation is 
regulated (1). These findings contradict each other in regards to 
the function of Tmub1 in hepatocyte regeneration.

In our previous study, we demonstrated the upregulation of 
Tmub1 expression after partial rat hepatectomy, supporting a 
role for Tmub1 in the regulation of liver regeneration. However, 
it is unclear whether Tmub1 functions as a stimulator or inhibitor 
of cell proliferation, or whether Tmub1 affects the proliferation 
of normal hepatocytes. At the molecular level, Tmub1, as a 
shuttling protein, may interact with different molecules to regu-
late the regenerative processes in the liver. For example, IL-6 
secreted by sinusoidal endothelial cells, was shown to play an 
important role in liver regeneration after partial hepatectomy 
(2). Treatment with IL-6 induces cell proliferation, although it 
is not clear whether IL-6 interacts with Tmub1 during hepato-
cyte proliferation. In addition, calcium-modulating cyclophilin 
ligand (CAML), first discovered in 1994, is ubiquitous in several 
tissues, and plays a role in the regulation of cell proliferation and 
apoptosis (3-9). CAML is able to regulate Ca2+ influx into cells 
(3,5). In addition, CAML can interact with the epidermal growth 
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factor receptor (EGFR) to control recycling of EGFR from the 
cytoplasm to the cell membrane, where it can then affect down-
stream signaling (6). The importance of Ca2+ in cell division is 
well known, and a previous study showed that cytosolic Ca2+ 
signals enhanced proliferation of hepatocytes during liver regen-
eration (10). EGFR is the target of transforming growth factor-α 
(TGF-α), and proliferation induced by EGFR is indispensable 
in liver regeneration. CAML can also modulate the function of 
spindles to affect mitotic states (9). CAML regulates locomotor 
activity and wakefulness in mice by interacting with Tmub1 in 
brain tissue (11). Based on these findings, we hypothesized that 
the participation of Tmub1 in hepatocyte regeneration (prolif-
eration) occurs via Tmub1 interaction with CAML protein. We 
first determined if IL-6 regulation of hepatocyte proliferation 
is through Tmub1 expression. We then knocked down Tmub1 
expression to assess changes in phenotypes of rat hepatocytes, 
intracellular Ca2+ levels, and gene expression. In addition, we 
investigated the cellular localization of Tmub1, and interaction 
of Tmub1 with CAML.

Materials and methods

Cell culture and treatment. Rat liver BRL-3A cells were 
obtained from the Cell Bank of Academia Sinica (Shanghai, 
China), and cultured in Dulbecco's modified Eagle's medium 
(DMEM) supplemented with 10% fetal calf serum at 37˚C in 
5% (v/v) CO2 (all from Invitrogen, Carlsbad, CA, USA). For 
IL-6 treatment, the optimal induction concentration and treat-
ment time were derived from a previous study (12). Briefly, 
BRL-3A cells were starved with fetal calf serum-free DMEM 
for 2 h, and rat recombinant IL-6 was added to the cell culture 
at various concentrations (0-30 ng/ml) for different periods of 
time (0-24 h). Changes in cell proliferation were determined 
using the thymidine incorporation assay.

[3H]thymidine incorporation assay. Cells were cultured in 
24-well plates until they reached the exponential growth phase. 
H3-TdR (0.5 µCi/ml) was then added to the culture medium 
after the cells reached a density of approximately 50%. The 
cells were incubated with H3-TdR for 6 h, and then washed 
three times with phosphate-buffered saline (PBS) and detached 
with 0.25% trypsin. Cells were transferred to a filter membrane 
and incubated with 10% trichloroacetic acid for 1 min. The 
filter membrane was then washed with dehydrated alcohol, 
desiccated at 80˚C for 30 min, and transferred into scintillation 
vials. After adding 5 ml scintillation fluid, scintillation vials 
were placed in the dark for 2 h, and cpm values were deter-
mined using a liquid scintillation counter. The mean (± SE) of 
six experiments was calculated.

Construction and infection of Tmub1 shRNA lentiviral 
vector. To knockdown Tmub1 expression, a lentivirus vector 
expressing Tmub1 shRNA was used. Briefly, four different 
targeting shRNA sequences against the rat Tmub1 gene 
(NM_198781.2) were designed and synthesized by Shanghai 
GenePharma Co., Ltd. (Shanghai, China). After annealing into 
double-strand DNA, these oligonucleotides were inserted into 
the PLL3.7 lentivirus expression vector between XhoI and Hpa 
sites. After amplification and sequence confirmation, these 
lentivirus vectors were packed and purified with lentiviral 

packaging systems (Tronolab, Lausanne, Switzerland). The 
interference effect of Tmub1 shRNA vectors was determined 
using hepatocellular infection experiments. Specifically, 
BRL-3A cells were cultured overnight and then infected with 
Tmub1 shRNA lentivirus vectors with a multiplicity of infec-
tion (MOI) of 50-100. Then, we chose an MOI of 70 to infect 
BRL-3A cells for 14 days, and cells with knockdown of Tmub1 
expression were sorted with a flow cytometer. Tmub1 expres-
sion in BRL-3A cells was analyzed using semi-quantitative 
RT-PCR and western blotting techniques. The negative control 
cells were transfected with control vector.

RNA isolation and semi-quantitative reverse transcription 
polymerase chain reaction (RT-PCR). Total-RNA from cells 
was extracted with a TRIzol RNA extracting solution (Takara, 
Dalian, China). cDNA was synthesized using a reverse transcrip-
tion kit (Takara) at 42˚C for 60 min, and 70˚C for 5 min. Tmub1 
primers were 5'-TCTGTCGGAGAAACTTAGGA-3' (forward) 
and 5'-TCTGGAGGTGTTGATGCTG-3' (reverse). β-actin 
primers were 5'-GTGGGTATGGGTCAGAAGGA-3' (forward) 
and 5'-AGCGCGTAACCCTCATAGAT-3' (reverse). PCR cycles 
were programmed as follows: denaturation for 2 min at 94˚C, 
20-25 cycles of 30 sec at 95˚C, 30 sec at 62˚C, and 30 sec at 72˚C, 
and a final extension at 72˚C for 10 min. After testing different 
PCR cycles, we decided to use 25 cycles to amplify expression 
of these genes, because levels of all target genes were increased 
in the logarithmic phase. Each PCR product was measured 
using Hoechst Dye 33258 and a Hoefer TKO100 fluorometer. 
Electrophoresis strips were obtained with the gelatin imaging 
system and analyzed with the Quantity One software. Relative 
Tmub1 mRNA expression levels were normalized to β-actin.

Protein extraction and western blot analysis. To extract 
protein from cells, cells were washed with PBS, placed on ice 
and scraped into Eppendorf tubes. RIPA buffer was added 
to lyse the cells. After a 10 min incubation on ice, cells were 
centrifuged at 18,000 rpm for 45 min, and the supernatant 
was collected in new tubes. The protein concentration was 
measured using Coomassie brilliant blue staining methods. 
Proteins were separated by SDS-polyacrylamide gel electro-
phoresis and transferred to polyvinylidene fluoride membranes. 
The membranes were blocked in 5% milk for 1 h, and incu-
bated with primary antibody overnight at 4˚C. The next day, 
the membranes were washed three times with Tris-buffered 
saline-Tween-20 solution (TBST), followed by incubation 
with a secondary antibody for 1 h at room temperature. After 
three washes with TBST, membranes were visualized using 
enhanced chemiluminescence from Thermo Fisher Scientific 
(Shanghai, China), and band intensities were analyzed using 
the Quantity One software. Protein levels were normalized to 
the β-actin expression.

Laser scanning confocal microscopy. Cells were cultured on 
slides until a density of approximately 50%, then washed with 
PBS and fixed with 4% paraformaldehyde for 15 min. Slides 
were treated with 0.5% Triton X-100 after several washes with 
PBS, and then incubated in 1% bovine serum albumin in PBS 
for 30 min at room temperature, followed by incubation with 
anti-Tmub1 and anti-CAML antibodies overnight at 4˚C. The 
next day, the slides were washed with PBS three times, and incu-
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bated with a donkey anti-goat secondary antibody for Tmub1 
recognition and a goat anti-rabbit fluorescence secondary 
antibody for CAML recognition, for 1 h in the dark at room 
temperature. Slides were washed with PBS and counterstained 
with 4,6-diamidino-2-phenylindole, then mounted with a 50% 
glycerol solution. Cells were imaged under a laser confocal 
microscope, and staining results were scored as positive or 
negative after at least 20 cells were counted in a low-power field.

Immunoprecipitation and western blotting assay. Total 
protein was extracted and quantified using the aforementioned 
methods. Then each sample containing 300 µg protein was 
incubated with 5 µg anti-CAML antibody overnight at 4˚C on 
a shaking table, and the next day was further incubated for 2 h 
with 15 µl protein G-Sepharose. The immunoprecipitates were 
briefly centrifuged at 1000 rpm, and the cell pellet was washed 
three times with RIPA buffer. After samples were boiled for 
5 min in 2X Laemmli sample buffer, immunoprecipitates 
were assessed by western blot analysis using an anti-Tmub1 
antibody.

Measurement of [Ca2+]i levels. Cells were grown and detached 
with 0.25% trypsin into a cell suspension, washed three times 
with D-Hank's solution, and incubated with 2 µM Fura-2/AM 
for 30 min at 37˚C in a 5% (v/v) CO2 incubator. Then, cells 
were centrifuged to discard Fura-2/AM-containing DMEM, 

and washed three times with 37˚C D-Hank's solution before 
being transferred into a new culture dish especially designed 
for inverted fluorescence microscopy. The cells were then 
viewed under a fluorescence microscope (Nikon Eclipse Ti, 
Tokyo, Japan); the excitation wavelength alternated between 
340 and 380 nm. Images were obtained from five randomly 
selected fields, and at least 10 cells were observed per visual 
field. The results were analyzed using Nis-Elements software 
(Tokyo, Japan), and presented as mean ± SD.

Statistical analysis. Data were analyzed with the SPSS soft-
ware, version 13.0 (Chicago, IL), and results are presented as 
mean ± SD. The Least-Significant Difference test was used to 
determine differences among these independent subgroups. A 
P-value <0.05 was considered to be statistically significant.

Results

Effect of IL-6 on the regulation of liver cell growth and Tmub1 
expression. In this study, we first assessed the effects of IL-6 
on the regulation of liver cell growth by treating rat liver 
BRL-3A cells with different doses of IL-6 for various periods 
of time. We found that the most effective concentration and 
treatment time of IL-6 on proliferation of rat hepatocytes was 
15 ng/ml for 12 h, respectively (Fig. 1). Therefore, we chose 
15 ng/ml and a 12-h treatment for the rest of the experiments. 

Figure 1. Effect of IL-6 on regulation of rat liver cell proliferation. The [3H]thymidine incorporation assay was used to detect changes in cell proliferation rates 
after treatment of BRL-3A cells with (A) recombinant rat IL-6 at various concentrations for (B) different periods of time.

Figure 2. Effect of IL-6 on induction of Tmub1 expression. Rat liver BRL-3A cells were grown and treated with 15 ng/ml IL-6 for 12 h. RNA and protein were extracted 
and subjected to (A) semi-quantitative RT-PCR and (B) western blotting analyses of Tmub1 expression. Experiments were performed in triplicate and repeated once.
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The effects were determined by measuring maximal [3H]
thymidine incorporation into the genomic DNA of the cells.

Meanwhile, we analyzed Tmub1 expression in these 
IL-6-treated cells, and found that levels of Tmub1 expression 
significantly increased after treatment of hepatocytes with 
IL-6 (P<0.05) (Fig. 2). These data suggest that IL-6 was able 
to induce Tmub1 expression and rat hepatocyte growth.

Knockdown of Tmub1 expression using a lentiviral vector 
carrying Tmub1 shRNA. Next, we designed and constructed a 

lentiviral vector carrying Tmub1 shRNA in order to to stably 
knockdown Tmub1 expression in rat liver BRL-3A cells. After 
infecting BRL-3A cells with four different Tmub1 vectors for 
72 h, we found that the most effective interferential sequence 
was 5'-GGTCTCAACACATACGACTGA-3'. Stably infected 
Tmub1 cells were sorted with a flow cytometer, expanded, and 
named BRL-3A/256 cells. Negative control cells were infected 
with the control vector, and named BRL-3A/Neg cells. Semi-
quantitative RT-PCR and western blotting assays showed that 
expression of Tmub1 mRNA and protein were significantly 
knocked down by one of the Tmub1 shRNA vectors in rat liver 
cells (Fig. 3). After the stably infected cells were treated with 
15 ng/ml IL-6 for 12 h, Tmub1 shRNA significantly blocked 
IL-6-induced expression of Tmub1 mRNA and protein (Fig. 3).

Effect of Tmub1 knockdown on the proliferation of rat hepa-
tocytes. We assessed the effect of Tmun1 knockdown on 
hepatocyte proliferation in the presence or absence of IL-6 
treatment. In the absence of IL-6 treatment, [3H]thymidine 
incorporation into BRL-3A/256 cells was significantly higher 
than in control cells, but differences were more significant after 
IL-6 treatment (Fig. 4), indicating that Tmub1 knockdown 
synergized with IL-6 in inducing hepatocyte proliferation. The 
data demonstrate that Tmub1 functions as a negative regulator 
of cell proliferation.

Effect of Tmub1 knockdown on influx of calcium ions in rat 
hepatocytes. Next, we determined the effect of Tmub1 knock-
down on the influx of calcium ions in rat hepatocytes. After 
treatment with IL-6, fluorescence intensity of [Ca2+]i quickly 
increased, and peaked at 40 sec in all cells. However, the crest 
value of [Ca2+]i concentration was highest in BRL-3A/256 
cells (Fig.  5), suggesting that Tmub1 knockdown has the 
ability to regulate Ca2+ influx in rat liver cells.

Figure 3. Knockdown of Tmub1 expression using Tmub1 shRNA in rat liver cells. Rat liver BRL-3A cells were stably infected with Tmub1 shRNA or the 
negative control lentivirus, respectively to generate stable Tmub1 knockdown cells (BRL-3A/256) and negative control cells (BRL-3A/Neg). The parental 
and stable cells were then grown and treated with or without 15 ng/ml IL-6 for 12 h and subjected to (A) semi-quantitative RT-PCR and (B) western blotting 
analyses of Tmub1 expression. Levels of Tmub1 mRNA and protein in BRL-3A/256 cells were lower than that in the negative control cells (P<0.05), but there 
were no differences found between BRL-3A and BRL-3A/Neg cells (P>0.05). In contrast, Tmub1 expression was upregulated in BRL-3A and BRL-3A/Neg 
cells with IL-6 treatment (P<0.05). Tmub1 expression in BRL-3A/256 was also induced with IL-6 treatment, but was lower than that in the negative control 
cells (P<0.05). The data are summarized from three independent experiments.

Figure 4. Effect of Tmub1 knockdown on the regulation of rat liver cell 
proliferation. Parental, negative control, and Tmub1 knockdown cells were 
grown and treated with or without 15 ng/ml for 12 h, and then subjected to 
a [3H]thymidine incorporation assay. The data showed that [3H]thymidine 
incorporation efficiency in BRL-3A/256 cells was higher than in parental and 
negative control cells (P<0.05). The level of [3H]thymidine incorporation was 
increased after IL-6 treatment in all cells compared to no treatment (P<0.05); 
however, Tmub1 knockdown synergized the IL-6 effects on cell proliferation 
(P<0.01). There were no differences between BRL-3A and BRL-3A/Neg 
cells with or without IL-6 stimulation. The data are summarized from three 
independent experiments.
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Interaction of Tmub1 with CAML protein. To explore Tmub1 
signaling in the regulation of hepatocyte proliferation, we 
utilized laser confocal microscopy to examine colocalization 
of Tmub1 and CAML proteins in the cells. We then performed 
immunoprecipitation experiments followed by western blot-

ting assays to assess Tmub1 interaction with CAML protein. 
The confocal microscopy images showed colocalization of 
Tmub1 with CAML protein in the cytoplasm of BRL-3A cells 
(Fig. 6). As shown in Fig. 6C1, green fluorescence is lighter 
than in the other two groups, which results in a partially red 
overlapping effect (Fig. 6C3), because Tmub1 expression is 
reduced. Moreover, results from our immunoprecipitation 
assays showed binding between Tmub1 and CAML proteins 
(Fig. 7). Furthermore, we also found that expression of CAML 
protein was upregulated after Tmub1 knockdown, compared to 
the parental and negative control cells (Fig. 8).

Discussion

In this study, we investigated the role of Tmub1 in the regula-
tion of rat hepatocyte proliferation induced by IL-6, and the 
potential underlying molecular events. Our data showed that 
expression of Tmub1 was upregulated by IL-6, proliferation of 
rat liver cells was enhanced by inhibition of Tmub1 expression, 
and Tmub1 interacted with CAML in hepatocytes. Together, 
the data demonstrate that Tmub1 plays a negative role in regu-
lating rat hepatocyte proliferation induced by IL-6 through 
interaction with CAML.

Figure 6. Colocalization of Tmub1 and CAML protein in the cytoplasm of hepatocytes. (A) Parental, (B) negative control, and (C) Tmub1 knockdown 
BRL-3A cells were grown and immunostained with anti-Tmub1 and CAML antibodies, and then viewed under a laser scanning confocal microscope. Green 
fluorescence shows Tmub1 and red shows CAML staining. The yellow fluorescence is overlapping Tmub1 and CAML, and the blue color indicates nuclear 
staining with 4,6-diamidino-2-phenylindole.

Figure 5. Effect of Tmub1 knockdown on the regulation of [Ca2+]i. Parental, neg-
ative control, and Tmub1 knockdown cells were grown and treated with IL-6, 
and [Ca2+]i was measured. Crest value of fluorescence intensity in BRL-3A/256 
cells was higher than in BRL-3A and BRL-3A/Neg cells (P<0.05), while there 
were no obvious differences between BRL-3A BRL-3A/Neg cells (P>0.05).
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Our current data confirms that IL-6 treatment induces 
hepatocyte proliferation, and also significantly induces Tmub1 
expression in rat hepatocytes. Previous studies revealed that 
IL-6 is extremely important in promoting cell proliferation 
and in directly or indirectly regulating the expression of 
various cell proliferation-related proteins during liver regener-
ation (12-14). However, the underlying molecular mechanisms 
remain unknown. A previous study demonstrated that IL-6 is 
able to activate STAT3 via the JAK pathway, and showed that 
activated STAT3, in turn, promotes expression of cell growth-
related genes, such as c-myc and AP-1, which induce G0/G1 
cell cycle transition in hepatocytes (13).

However, our current study showed that knockdown of 
Tmub1 expression increased [3H]thymidine incorporation 
in rat hepatocytes, indicating that Tmub1 had the ability 
to inhibit proliferation of the liver cells. Moreover, Tmub1 
shRNA synergized with IL-6 in promoting rat hepatocyte 
proliferation. These data clearly demonstrate that Tmub1 is 
a negative player in hepatocyte proliferation or regeneration, 
and supports a previous study that demonstrated that overex-
pression of Tmub1 inhibits proliferation of hepatoma H-35 
and NIH-3T3 cells (1). However, that study did not show the 
association between liver cell proliferation and knockdown of 
Tmub1 expression. Thus, it is unclear why IL-6 treatment and 
partial hepatectomy promote Tmub1 expression. These studies 
suggest that hepatocyte proliferation is very tightly controlled 
by both positive and negative regulators to ensure proliferation 
of adequate numbers of cells. In other words, differential gene 
expression maintains normal homeostasis in the human body.

Furthermore, our data showed that knockdown of Tmub1 
expression in rat hepatocytes induced the expression of CAML 
proteins, which further confirmed the role of Tmub1 in the 
regulation of liver cell proliferation. These data are novel and 
provide insight into the function of Tmub1 in hepatocytes. In 
addition, we also found that the Tmub1 protein interacts and 
binds to CAML, which confirms a previous study showing an 
interaction between Tmub1 and CAML in the mouse brain (11). 
Morphologically, Tmub1 and CAML proteins were colocal-
ized in the hepatocellular cytoplasm, and Tmub1 knockdown 
increased Ca2+ influx into hepatocytes. Early studies on 
CAML showed that CAML function is related to Ca2+ regula-
tion. CAML affected the interaction of transcription factors 
with their target gene by regulating Ca2+ influx (3,5). Our data 
suggest that interaction of Tmub1 with CAML in hepatocytes 
affects Ca2+ influx to regulate the growth of liver cells.

Increased expression of CAML, followed by Tmub1 
knockdown, suggests that Tmub1 may participate in the 
degradation of CAML protein. Tmub1 protein contains a 
ubiquitin-like domain (ULD), which may participate in the 
degradation of other proteins that it interacts with. Although 
our understanding of ULD function is not unified, the key 
role played by ULDs in protein function is well-recognized 
(15). For example, some ULD proteins are involved in the 
degradation of targeting proteins by interacting with ubiqutin 
ligase E3 or recruiting a polyubiquitinated substrate to 
proteasomes (16-18). ULD proteins may promote or block 
this action according to different substrates (19). Some ULD 
proteins do not participate in the process of polyubiquitinated 
modification, but ULD is indispensable for the interaction 
with targeting proteins. For example, ULD is the key domain 
in IκB kinase β, which catalyzes NF-κB activation and regu-
lates the subcellular localization of Homer3 (20,21). A recent 
study showed that Tmub1 is involved in the degradation of the 
targeting protein by regulation of the ubiquitin-proteasome 
system that forms a complex with gp78 (22). However, further 
studies are needed to determine how Tmub1 regulates CAML 
expression.

In conclusion, although expression of Tmub1 was upregu-
lated by IL-6 treatment of rat hepatocytes, which is associated 
with hepatocyte proliferation, our current data demonstrates 
that Tmub1 is a negative regulator of hepatocyte growth 
(regeneration). Tmub1 knockdown promoted hepatocyte 
growth, expression of CAML, and Ca2+ influx into cells. 
Tmub1 was bound to CAML, and affected CAML levels in the 
hepatocytes. Future studies are needed to determine the role 
of Tmub1 in vivo.
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Figure 8. Effect of Tmub1 shRNA on the regulation of CAML expression. 
Parental, negative control, and Tmub1 knockdown cells were grown and sub-
jected to western blot analysis of CAML expression in the presence of IL-6 
treatment. Increased expression of CAML was statistically significant in 
BRL-3A/256 cells (P<0.05), but was not significant in BRL-3A or BRL-3A/
Neg cells (P>0.05). The data from three independent experiments.

Figure 7. Immunoprecipitation-western blot analysis. BRL-3A cells were 
grown and subjected to immunoprecipitation and western blotting. Lane 1, 
negative control (immunoprecipitation with IgG and western blotting with 
anti-Tmub1 antibody), and Lane 2, CAML antibody (immunoprecipitation 
with anti-CAML antibody and western blotting with anti-Tmub1 antibody.
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