
Abstract. The family with sequence similarity 172, member A
(FAM172A) is a hypothetical protein. We recently cloned the
FAM172A gene from normal human aortic tissues. In a
previous study we also showed that the FAM172A gene was
up-regulated by high glucose levels in macrophages. In the
present study, we further identified the FAM172A protein at
the level of translation and studied the effects of high
glucose levels on its expression in human aortic smooth
muscle cells. The FAM172A gene was subcloned into the
eukaryotic expression vectors, PDC315 and pEGFP-N2. The
cloned sequence shows an open reading frame of 1251
nucleotides encoding a protein of 416 amino acids. We
further expressed the recombinant FAM172A protein and
generated rabbit anti-human FAM172A polyclonal anti-
bodies. The FAM172A protein was identified for the first
time at the translation level by Western blot analysis.
Western blotting also demonstrated that the FAM172A
protein could be detected in human aortic endothelial, human
aortic smooth muscle cells and THP-1-derived macrophages,
the highest expression being observed in the human aortic
smooth muscle cells. By a combination of bioinformatics and

confocal laser scanning microscopy, we found that the
FAM172A protein in HEK293 cells, was mainly located in
the nucleus, and that there was an Arb2 conserved domain in
the FAM172A protein sequence. We also presented evidence
that the FAM172 protein expression in human aortic smooth
muscle cells was up-regulated by high glucose levels in a
concentration-dependent and time-course manner. We
speculated that as a novel protein, FAM172A could be
involved in the pathogenesis of high glucose-induced
vascular damage.

Introduction

The chronic complications of diabetes are generally divided
into microvascular and macrovascular complications. The
diabetic macrovascular disease or atherosclerosis and its
complications, are the leading causes of morbidity and
mortality in patients with type 2 diabetes mellitus (1,2). The
histopathology of atherosclerosis in patients with diabetes is
similar to that in patients without diabetes. However,
compared to non-diabetic patients, atherosclerotic vascular
damage in diabetic patients is more diffuse, more compli-
cated and with clinically worse outcomes (3). Although
insulin resistance, hypertension, dyslipidemia and other risk
factors certainly contribute to the progression of diabetic
macroangiopathy (3-8), the exact mechanisms of these patho-
logical processes remain to be elucidated.

Chronic hyperglycemia is a hallmark characteristic of
diabetes and exerts its adverse effects on the cardiovascular
system in many ways (7). There is universal agreement that
hyperglycemia is a powerful and independent risk factor for
diabetic cardiovascular complications (9-13). Therefore,
hyperglycemia plays a crucial role in the pathogenesis of
diabetic macrovascular complications.

Glucose is one of the most important factors by which the
expressions of genes in vascular or other cells are regulated.
We, as well as others, have previously suggested that elevated
glucose levels can cause altered gene expression in vascular
and islets cells (14-17). Many glucose-induced genes have
been identified in vascular cells. Nicolson identified new
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high glucose-induced genes in bovine aortic smooth muscle
cells by mRNA differential display (18). He also reported that
these genes were differentially regulated by high (22 mM)
compared to low glucose (5.5 mM) concentrations. In another
study, high glucose-induced gene expression profiles were
established in THP-1 monocytes, as well as a variety of pro-
inflammatory cytokines, adhesion molecules, chemokine
receptors and integrins. Also, chemokines relevant to the
pathogenesis of diabetes complications were induced by high
glucose levels (15). It is well known that elevated glucose
levels can stimulate diacylglycerol accumulation and activate
protein kinase C in vascular cells, which are known modu-
lators of gene expression. Therefore, the high glucose-induced
gene expression in vascular cells could be one of the mechan-
isms involved in the pathogenesis of diabetic macrovascular
complications.

In our previous study, we identified the novel gene [family
with sequence similarity 172, member A (FAM172A, also
named C5orf21)] in normal human aortic tissue. This gene
was also regulated by high glucose levels in human THP-1-
derived macrophages (19). The FAM172A protein is a hypo-
thetical protein and little is known about it. It is even unclear
whether or not this protein is present at the level of translation.

In the present study, we further confirmed the presence of
the FAM172A gene at the level of protein translation. We
also determined that the FAM172A protein in HEK293 cells
was mainly located in the nucleus. Finally, we presented
evidence that high glucose levels up-regulated the expression
of the FAM172A protein in human aortic smooth muscle
cells in a concentration-dependent and a time-course manner.

Materials and methods

Bioinformatics analysis. The database of the National Center
for Biotechnology Information (NCBI) was used for the
sequence analysis and for the search of the FAM172A con-
served domain. Online software CELLO 2.5 (http://
cello.life.nctu.edu.tw/) was used to predict the subcellular
localization of the human FAM172A protein (20).

Cell culture. Human aortic smooth muscle cells (Cascade
Biologics) were cultured in medium 213 supplemented with
Smooth Muscle Growth Supplement (Cascade Biologics) in
an atmosphere of 95% air and 5% CO2 at 37˚C in culture
flasks. Human aortic endothelial cells (Cascade Biologics)
were cultivated in medium 200 containing Low Serum
Growth Supplement (Cascade Biologics) at 37˚C with 5%
CO2. Cells from the human monocytic cell line, THP-1
(American Type Culture Collection, ATCC), were grown in
RPMI-1640 (Gibco) containing 10% fetal bovine serum
(HiClone) at 37˚C with 5% CO2. The differentiation of the
THP-1 cells to the macrophages was induced with 160 nM
12-O-tetradecanoyl-phorbol-13-acetate (Cell Signaling
Technology) in normal growth medium for 48 h. The
HEK293 cells (ATCC) were maintained in DMEM (Gibco)
containing 10% fetal bovine serum (HiClone) at 37˚C with
5% CO2.

Cell treatment. The human aortic smooth muscle cells were
treated with different concentrations of glucose (5.5, 15 and

25 mmol/l) for 48 h. The cell cultures that were exposed to
25 mmol/l mannitol were used as the osmolar control. In some
experiments, the cells were treated with 25 mmol/l glucose
for 1, 48, 72 or 96 h, respectively.

Prokaryotic expression and antibody generation. Two oligo-
nucleotide primers were designed to amplify the truncated
open reading frame (ORF) sequences of the human FAM172A
gene from 56 bp downstream of the initiator ATG to the stop
codon. The oligonucleotide sequences were as follows: 5'-
CAAGAATTCCAAATCCAGCAGGGAGGTCC-3' and 5'-
GCGAAGCTTGTTACAGCTCTTCGTGCTTGA-3' (the
EcoRI and HindIII sequences are underlined). Using Phusion
High-Fidelity DNA Polymerase (New England Biolabs, Inc.),
a polymerase chain reaction (PCR) was performed on the
Pdrive-FAM172A plasmid, which was constructed in our
previous study (19). The PCR conditions were 98˚C for 30 sec,
followed by 33 cycles at 98˚C for 10 sec, 68˚C for 30 sec and
72˚C for 45 sec. The resulting PCR products were cut with
EcoRI and HindIII and subsequently subcloned into the
pET28a prokaryotic expression vector (Novagen). The con-
struct of pET28a-FAM172A was verified by sequencing
analysis. The recombinant pET28a-FAM172A vector was
transformed into the Escherichia (E.) coli strain, DH5·, to
express the His-tagged fusion protein. The fusion protein
expression was induced with 1 mM isopropyl-ß-D-thiogalacto-
pyranoside (IPTG) for 3 h at 37˚C. The recombinant protein
was purified according to the protocol recommended by the
manufacturer of the His-tag kit (Novagen). The purified
recombinant FAM172A protein was emulsified in complete
Freund's adjuvant. Two New Zealand white rabbits were
subcutaneously immunized 3 times with 100 μg purified
FAM172A protein. The serum was collected 1 month after
the third immunization, and then the antibody titer against
the recombinant protein was tested by ELISA. The rabbit
antiserum was diluted at 1:5000 for Western blotting.

Eukaryotic expression and transfection. The pDrive-
FAM172A plasmid was used as the template for the
amplification of the human FAM172A ORF. In order to
construct pEGFP-N2-FAM172 plasmid, the human
FAM172A ORF was amplified with primers containing
EcoRI (5'-CGCGAATTCATGTCTATTTCCTTGAGCTC-
3') and BamHI (5'-GTGGATCCCATGTCTTTCCTCTTG
TT-3') sites and subcloned into the EcoRI/BamHI sites of the
pEGFP-N2 eukaryotic expression vector (Clontech). The
PCR conditions were the same as those described above for
the pET28a-FAM172A plasmid construction. In order to
construct the PDC315-FAM172 plasmid, 2 primers were
designed to amplify the human FAM172A ORF. The primer
sequences were 5'-CGCGAATTCATGTCTATTTCCT
TGAGCTC-3' and 5'-GAAGGATCCTTACAGCTCTTC
GTGCTTGA-3' (the EcoR I and BamHI sequences are
underlined). The PCR conditions were the same as those
described above. The resulting PCR products were cut with
EcoRI and BamHI, and then subcloned into the PDC315
eukaryotic expression plasmid (Microbix Biosystems) for the
construction of the recombinant PDC315-FAM172A plasmid.
All the plasmids were transformed into the E. coli strain, and
then isolated and purified using the Plasmid Maxi Kit
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(Qiagen). The HEK293 cells were transiently transfected with
the appropriate PDC315- or PDC315-FAM172A plasmids
using Lipofectamine 2000 (Invitrogen) according to the manu-
facturer's instructions.

Fluorescence microscopy. The HEK293 cells were tran-
siently transfected with the appropriate pEGFP-N2-FAM172A
constructs using Lipofectamine 2000 according to the
instruction manual. At 48 h after transfection, the HEK293
cells were trypsinized and transferred to coverslips in 24-well
plates. The cells were rinsed for 1 min with PHEM buffer
and permeabilized for 1 min with PHEM plus 0.1% Triton
X-100. The cells were fixed in freshly made 4% para-
formaldehyde, and rinsed 3 times in PBS. The coverslips
were blocked with 0.05% Tween-20 in PBS (TPBS) with 1%
bovine serum albumin. The nuclei of the cells were then
stained with DAPI. The GFP and DAPI localization was
visualized by direct fluorescence with a confocal microscopy
system (Zeiss).

Western blot analysis. The FAM172A protein expression
was detected in the total cell lysates with rabbit polyclonal
antiserum. The protein samples were subjected to SDS-
polyacrylamide (5% stacking and 10% running gel) electro-
phoresis followed by electroblotting onto nitrocellulose
membranes. The membranes were blocked using 5% non-fat
dry milk in Tris-buffered saline with 0.05% Tween-20 and
incubated with rabbit polyclonal antiserum at a dilution of
1:5000. The membranes were then washed and incubated
with a secondary anti-rabbit IgG peroxidase-conjugated
antibody (Cell Signaling Technology) diluted at 1:1000 in
the same buffer for 1 h. The normalization was done with
mouse monoclonal anti-actin antibody (Santa Cruz). The
protein bands were visualized by chemiluminescence with an
ECL luminescence kit (Pierce) and exposed to X-ray film.
The protein band intensities were quantitated with scanning
densitometry.

Results

Bioinformatics analysis of FAM172A. The human FAM172A
gene was mapped on chromosome 5q15. Its ORF contained
1251 bp, encoding a protein of 416 amino acids. Fig. 1A
demonstrates the nucleotide and amino acid sequences of the
human FAM172A ORF. Online software-based prediction
analysis showed that there was an Arb2 conserved domain in
the FAM172A protein sequence (as shown in Fig. 1A and B).
Online software CELLO 2.5 prediction analysis showed that
the human FAM172A protein was located in the nucleus
and/or cytoplasm (Fig. 1C). After a BLAST search of the
nucleotide sequence of the human FAM172A gene was
performed in the NCBI database, we found that the FAM172A
gene was conserved in the chimpanzee, dog, cow, mouse, rat,
chicken, zebrafish, fruit fly, mosquito and C. elegans.

Purification of recombinant FAM172A protein and generation
of anti-FAM172A polyclonal antibody. After the transfection
of the recombinant pET28a-FAM172A vector into E. coli
and IPTG induction, a prominent band of ~48 kDa, which
agreed with the predicted size of the recombinant protein,

was detected by SDS-PAGE (Fig. 2A). The fusion protein
was purified from the E. coli lysates by the His-Tag purifi-
cation kit.

After 3 immunizations of a rabbit with the recombinant
FAM172A protein, the rabbit serum containing the anti-
FAM172A polyclonal antibody was collected, and then the
high titer antibody activity was tested by using ELISA.
Recombinant FAM172A protein (100 ng) was loaded onto a
10% SDS-PAGE gel and detected with the rabbit antiserum
as the primary antibody. The results of Western blotting
showed that the polyclonal antibody against the FAM172A
protein, was specific and validated (Fig. 2B).

Identification of FAM172A protein at translation level and
detection in vascular cells by Western blotting. In order to
determine if the FAM172A was expressed at the level of
translation, after the transfection of the recombinant PDC315-
FAM172A plasmid into the HEK293 cells, a markedly
enhanced band ~48 kDa was observed by Western blotting
(as shown in Fig. 3A). The result proved for the first time that
the FAM172A gene was expressed at the level of translation.
Western blot analysis was also used to investigate whether or
not the FAM172 protein was detectable in vascular cells
including human aortic endothelial, human aortic smooth
muscle cells and THP-1-derived macrophages. Western
blotting demonstrated that the FAM172A protein was
detectable in human aortic endothelial, human aortic smooth
muscle cells and macrophages, and the highest expression
was observed in human aortic smooth muscle cells (Fig. 3B).

Subcellular localization of FAM172A protein. In order to
determine the subcellular localization of the FAM172A
protein, the recombinant pEGFP-N2-FAM172A construct
containing the FAM172A ORF was transiently transfected
into human HEK293 cells. After transfection, DNA was
stained by DAPI (blue). Finally, the transfected HEK293
cells were examined under a fluorescent microscope. The
transfection of the cells with the pEGFP-N2-FAM172A
construct showed that the green fluorescent product,
FAM172A-GFP, was strong in the cell nucleus with weak
green fluorescent product in the cytoplasm (Fig. 4A and B).
The convergence of the 2 images gave a yellow fluorescent
pattern, which confirmed the co-location of the FAM172A-
GFP fusion protein and the cell nuclei (Fig. 4C).

Regulation of FAM172A protein expression by glucose.
Given that the expression of FAM172A was very high in
human aortic smooth muscle cells, we chose these cells in
order to study whether the FAM172A protein expression was
regulated by glucose levels. Human aortic smooth muscle
cells were cultured with various concentrations of glucose
(5.5, 15 and 25 mmol/l) for 48 h, or with high glucose
concentrations (25 mmol/l) for various time periods (1, 48,
72 or 96 h). Cells cultured with 25 mM mannitol were used
as the osmolar control. As shown in Fig. 5B, the FAM172A
protein expression had significant differences between the
low and high glucose concentrations in the 48-h culture time.
Compared to the 5.5 mM, the 15 mM and 25 mM glucose
concentrations markedly increased the expression of the
FAM172A protein in human aortic smooth muscle cells.
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Figure 1. Bioinformatics analysis of human FAM172A. (A) The nucleotide and amino acid sequences of the human FAM172A ORF. The ORF of human
FAM172A contained 1251 bp, encoding a protein of 416 amino acids. The amino acid sequences of the FAM172A ORF are numbered starting with the
putative initiating methionine. The sequences of the predicted Arb2 conserved domain are underlined.
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Mannitol (25 mM) had no effect on the expression of the
FAM172A protein. Western blotting also showed that the
expression of the FAM172A protein was augmented with high
glucose concentrations in the 48-, 72- and 96-h culture times,
respectively, when compared to the control group (Fig. 5A).

Discussion

Chronic hyperglycemia is now recognized as a major patho-
genic factor contributing to the development and progression
of diabetic macrovascular disease, including coronary artery
disease, stroke, and peripheral arterial disease. However, the
exact pathogenesis of diabetic macroangiopathy is not yet
well understood. At present, there are at least 5 hypotheses
explaining the potential mechanisms of hyperglycemia-
mediated vascular damage: i) Increased polyol pathway flux,
ii) increased formation of advanced glycation end products,
iii) activation of protein kinase C (PKC) isoforms, iv)
increased hexosamine pathway flux, and v) increased oxi-
dative stress (21,22). In 2005, Brownlee put forward a
hypothesis linking these pathogenic mechanisms, explaining
the overproduction of superoxide by the mitochondrial
electron transport chain (23). For example, hyperglycemia-
induced oxidative stress promotes the formation of advanced
glycation end products, PKC activation, hexosamine and
polyol pathway activity (18,24,25).

In our previous study, the FAM172A gene was cloned for
the first time from human aortic tissues and its presence was
first confirmed at the mRNA expression level (19). Our
previous study also showed that the FAM172A gene was up-
regulated by high glucose levels in macrophages (19).

In the present study, we first wanted to know whether the
FAM172A gene was expressed at the level of translation. We
found that the transfection of the recombinant PDC315-

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE  26:  483-490,  2010 487

Figure 1. (B) The predicted Arb2 conserved domain of the human FAM172A protein. Using CD-Search, an Arb2 conserved domain was detected in the
human FAM172A protein sequence. (C) The predicted subcellular localization of the human FAM172A protein. CELLO 2.5 online software prediction
analysis showed that the human FAM172A protein was located in the nucleus and/or cytoplasm.

Figure 2. Expression of the recombinant FAM172A protein and the generation
of the anti-FAM172A polyclonal antibody. (A) Expression of the His-
FAM172A fusion protein. The lysates were analyzed by 10% SDS-PAGE,
followed by Coomassie Brilliant Blue R250 staining. Lane 1, protein marker;
2, total protein before IPTG induction; 3, total protein after IPTG induction; 4,
supernatant of ultrasound-treated E. coli after IPTG induction; 5, precipitation
under ultrasound-treated E. coli after IPTG induction. (B) Generation of rabbit
polyclonal anti-serum against the recombinant FAM172A protein. Western
blotting was used to detect the anti-FAM172A polyclonal antibody. The
recombinant FAM172A protein (100 ng) was loaded and the dilution of the
polyclonal anti-serum was 1:5,000. Lane 1, FAM172A-His fusion protein; 2,
bovine serum albumin as the control.
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FAM172A vectors into the HEK293 cells led to the over-
expression of the FAM172A gene in the HEK293 cells. This
result suggests that the FAM172A gene could be expressed at
the protein level. Therefore, we further confirmed the presence
of the FAM172A gene at the level of translation.

Endothelial, vascular smooth muscle cells and macro-
phages are central to the initiation and progression of athero-
sclerosis. Our present results showed that the FAM172A
protein was detected in human endothelial, human aortic
smooth muscle cells and THP-1-derived macrophages, and
the highest expression was found in human aortic smooth
muscle cells. Given the fact that the expression of FAM172A
was very high in human aortic smooth muscle cells, we
further investigated the effects of high glucose levels on the
FAM172A protein expression in aortic smooth muscle cells.
Our study demonstrated that the FAM172A protein in human
aortic smooth muscle cells was up-regulated by high glucose
levels in a concentration-dependent and a time-course manner,
which indicated that FAM172A was a glucose-induced gene
and that the changes in expression of FAM172A could be one
of the pathogenic mechanisms involved in glucose-mediated
vascular damage.

The function of a protein is closely linked with both the
cell location and the conserved domain. The FAM172A
protein is a novel protein and its structure and function is still
unknown. Bioinformatics analysis suggested that the
FAM172A protein could be located in the nucleus and/or
cytoplasm. Our experimental results demonstrated that
HEK293 cells transfected with the pEGFP-N2-FAM172A
construct showed weak green fluorescent product in the
cytoplasm with strong nuclear positivity, which suggested
that the FAM172A protein was located in both the nucleus
and cytoplasm. This result was consistent with the bio-
informatics prediction. However, by using the Conserved
Domain Search service (CD-Search) (26,27), an Arb2
conserved domain was detected in the FAM172A protein
sequence. Arb2 is required for histone H3 Lys9 (H3-K9)
methylation, heterochromatin assembly and siRNA generation
(28). Histone H3 lysine methylation is generally associated
with either gene activation or repression depending on the
site of methylation (29,30). The epigenetic modification,
H3K9me3 is usually linked to gene repression (31). However,
in certain cases, H3K9me3 has been linked to gene activation
(32). High glucose levels can promote inflammatory gene
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Figure 3. Identification and detection of the FAM172A protein in cells. (A)
Identification of FAM172A at the level of translation. Western blotting
demonstrated that compared to the transfection with the empty PDC315
vector, the expression of FAM172A in HEK293 cells was markedly increased
after the transfection of recombinant PDC315-FAM172A plasmids into
HEK293 cells. Lane 1, HEK293 cells transfected with empty PDC315
plasmids; 2, HEK293 cells transfected with recombinant PDC315-FAM172A
plasmids. (B) Detection of FAM172A in vascular cells. Western blot analysis
showed that the FAM172A protein was detectable in human aortic endo-
thelial, human aortic smooth muscle cells and human THP-1-derived
macrophages, and that the highest expression was observed in human aortic
smooth muscle cells.

Figure 4. Subcellular localization of the FAM172A protein in HEK293 cells. Human HEK293 cells were transiently transfected with pEGFP-N2-FAM172A
fusion constructs. (A) The FAM172A-GFP fusion protein (green) was localized predominantly in the nucleus. However, a weak green fluorescent signal was
also detected in the cytoplasm. (B) DAPI staining analysis showed a blue fluorescent signal. (C) Converging the 2 images gave a yellow fluorescent pattern,
which confirmed the co-location of the FAM172A-GFP and cell nuclei.
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expression and lead to the dysregulation of H3K9me3 in
vascular smooth muscle cells (31). Studies have also demon-
strated that H3K9me3 plays an important role in the repression

of inflammatory genes in vascular smooth muscle cells (31).
Based on the above data, we hypothesized that the high
glucose-responsive FAM172A gene could activate or repress
genes associated with diabetic vascular damage, by modifying
H3K9me. Further research should be undertaken in order to
determine the effects of FAM172A on histone H3-K9 methyl-
ation.

According to the results from our current study on
FAM172A, it is certain that high glucose levels increased the
FAM172A protein expression in human aortic smooth
muscle cells. We have presented evidence that FAM172A is
a glucose-responsive gene, and that its expression is regulated
by glucose levels. The relationship between FAM172A and
diabetic vascular complications or diabetes is worth further
investigation in the future.

In conclusion, the FAM172A protein was identified for
the first time. We also expressed the recombinant FAM172A
protein and generated the rabbit anti-FAM172A polyclonal
antibody. By a combination of bioinformatics and confocal
laser scanning microscopy, we determined that the FAM172A
protein in HEK293 cells, was mainly located in the cell
nuclei. We presented evidence that the FAM172A protein
was detected in human aortic endothelial, human aortic
smooth muscle cells and macrophages, and that the highest
expression was observed in human aortic smooth muscle
cells. We also presented evidence that the FAM172 protein
expression was significantly increased by high glucose levels
in human aortic smooth muscle cells. We speculate that
FAM172A, as a novel protein, could be involved in the patho-
genesis of high glucose-induced vascular damage.
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