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Proteins that are unfolded or misfolded in the endoplasmic
reticulum (ER) must be targeted for refolding or degradation
to maintain the homeostasis of the ER. Derlin-1 was
reportedly implicated in the retro-translocation of misfolded
proteins from the ER to the cytosol for degradation. In this
report, we showed that Derlin-1 was down-regulated in the
endothelial cells derived from human hepatic cavernous
hemangioma (CHEC) compared with other tested cells.
Electron microscopy analysis showed that ER was
aberrantly enlarged in CHEC cells, but not in other tested
cells. When overexpressed, Derlin-1 induced the dilated
ER to return normal size. This ER dynamic was associated
with the activation of unfolded protein response (UPR). In
CHEC cells where Derlin-1 was down-regulated, increased
expression of the immunoglobulin heavy chain-binding
protein (Bip) and UPR-specific splicing of X-box DNA-
binding protein 1 (XBP1) mRNA were detected, as
compared with that in other tested cells, indicating that
UPR was activated. After Derlin-1 overexpression, the
extent of UPR activation diminished, as evidenced by
decreased expression of Bip, reduced amount of the spliced
form of XBP1 (XBP1s), and elevated expression of the
unspliced form of XBP1 (XBP1). Taken together, these
findings provide another example of a single protein being
able to affect ER dynamic in mammalian cells, and an
insight into the possible molecular mechanism(s).
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Introduction

Endoplasmic reticulum (ER) is a multifaceted organelle. It
functions primarily to facilitate the folding and assembly of
newly synthesized secretory and membrane proteins. Although
ER provides the optimal environment for protein folding and
assembly, the large flux of proteins through the ER would
inevitably bring about a consequence that the folding and
assembly process fails, resulting in the production of unfolded
or misfolded proteins. To cope with this problem, eukaryotic
cells have developed two distinct processes, namely unfolded
protein response (UPR) and ER-associated degradation
(ERAD). ERAD and UPR are tightly linked processes. Either
cellular stress or loss of ERAD would result in accumulation
of misfolded proteins and thereby activation of the UPR,
whereas UPR acts to reduce levels of misfolded proteins by
inhibiting the formation of misfolded species, increasing the
folding capacity, and enhancing the rate of ERAD (Travers et
al., 2000).

UPR is a complex signal-transduction cascade, responsible
for dealing with excessive accumulation of unfolded or
misfolded proteins in the ER (Schroder and Kaufman, 2005).
When activated, UPR acts to limit new protein synthesis,
increase expression of certain genes involved in expanding the
folding capacity of ER, and accelerate the degradation of
misfolded proteins. To date, two UPR specific pathways have
been identified. One branch is directed by inositol-requiring
gene 1 (IRE1), an ER membrane-bound endoribonuclease
(Mori, 2003; Ma and Hendershot, 2004). When activated,
IRE1 removes 26 bases from XBPI1 transcript, generating
spliced XBP1 (XBP15) mRNA, which encodes a transcription
factor capable of activating transcription efficiently. Another
branch of the UPR is mediated by activating transcription
factor 6 (ATF6), an ER membrane-bound transcription factor.
Upon ER stress, ATF6 translocates to the Golgi apparatus,
sequentially cleaved by site 1 and site 2 proteases, liberating
the cytosolic transcription factor domain, which translocates
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to the nucleus and activates transcription (Mori, 2003; Yamamoto
et al., 2004).

ERAD is a process by which misfolded proteins are
recognized and directed to the translocon for retro-
translocation from the ER to the cytosol, where they are
degraded in an ubiquitin- and proteasome-dependent manner
(Shen et al, 2004). Attempts to characterize the ERAD
process have identified many components of ERAD
machinery, including Sec61p (Kalies et al, 2005) and ER
degradation enhancing o-mannosidase-like protein (EDEM)
(Hosokawa et al, 2001). Recently, two groups have
independently identified a novel component of ERAD Derlin-
1 (Lilley and Ploegh, 2004; Ye et al, 2004). Derlin-1 is
considered to provide the missing link between events on the
luminal side of the ER (recognition of misfolded protein
substrates) and those on the cytosolic side (ubiquitination
catalyzed by ubiquitin ligases and extraction catalyzed by p97
ATPase) (Oda et al. 2006). During retro-translocation, Derlin-
1 may first receive misfolded protein substrates from ER
chaperones (Tsai ef al, 2002). Next, the substrates are
translocated across the membrane through a protein-
conducting channel that is postulated to be formed by Derlin-
1 homo-oligomers (Ye ef al., 2005). Once the substrates have
emerged into the cytosol, a membrane complex containing
p97, VCP (another name for p97)-interacting membrane
protein (VIMP) and ubiquitin ligases is recruited to substrate-
bound Derlin-1 by VIMP. Ubiquitin ligases catalyze
polyubiquitination of the substrates, whereas p97 uses ATP
hydrolysis to pull the ubiquitinated substrates across the ER
membrane to the cytosol for degradation by the proteasome
(Ye et al., 2004; Ye et al., 2005). With regard to the misfolded
glycoprotein substrates, their degradation by the proteasome
after retro-translocation requires an additional process
deglycosylation. Peptide:N-glycanase (PNGase) has been
recently reported to associate with Derlin-1, thereby bringing
it in close proximity to the ER membrane and providing
accessibility to dislocating glycoproteins, which may be
required for the deglycosylation of a subset of misfolded
glycoprotein substrates, such as MHC class I heavy chains
(HCs) (Katiyar et al., 2005).

Derlin-1 homologues in other species have been identified,
including R151.6 in Caenorhabditis elegans (Hough et al.,
1999), Zm (Zea mays) Derlinl-1 (Kirst et al, 2005), At
(Arabidopsis thaliana) Derlinl-1 and Derl in Saccharomyces
cerevisiae (Knop et al, 1996). Their functions are well
conserved. It was reported that the ER was considerably
enlarged in Aderl yeast cells, whereas a AderlAirel double
knockout strain had no proliferated ER, suggesting that UPR
plays a critical role in the ER dynamic affected by the derl
mutation (Taxis ef al., 2002). Previously, we had shown that
Derlin-1 was ubiquitously expressed in various kinds of
endothelial cells, but markedly down-regulated in the
endothelial cells derived from human hepatic cavernous
hemangioma (CHEC) (unpublished data). Electron microscopy
analysis showed that ER was considerably expanded in

CHEC cells, but not in other tested cells. The relation between
Derlin-1 and ER dynamic in mammalian cells remains to date
unreported. In this study, we demonstrate that overexpressed
Derlin-1 inhibits ER expansion in CHEC cells, and suggest
that UPR may be one of the mechanisms underlying the ER
expansion.

Materials and Methods

Cell culture. Human liver sinusoidal endothelial cells (LSEC) were
established and maintained as previously described (Salmon et al,
2000). The endothelial cells derived from human hepatic cavernous
hemangioma (CHEC) were isolated and purified by Dynabeads
(Dynal A.S.) coated with Ulex europaeus agglutinin-1 (UEA-1)
(Lou et al, 1998; Lou et al, 1999). Several endothelial cell
markers, such as von Willebrand factor (vWF), CD31, and CD34,
were used to identify the purified CHEC cells by immunofluorescence
staining. The purity of CHEC cells was confirmed by fluorescence-
activated cell sorting (FACS) analysis for vVWF expression. Human
umbilical vein endothelial cells (HUVEC) were isolated and
cultured as described (Jaffe et al, 1973). Human liver cancer
endothelial cells (LCEC) and human esophagus carcinoma
endothelial cells (ECEC) were isolation and identified according to
the previously method (Zhong et al, 2004). All these kinds of
endothelial cells, except immortalized LSEC cells, were used
between 6-9 passages in this study.

RNA isolation and RT-PCR. Total RNA was isolated from cells
using TRIzol reagent (Invitrogen) according to the manufacturer’s
manual. Two micrograms of total RNA were subjected to reverse
transcription for 60 min at 42°C using 200U of Moloney murine
leukemia virus (M-MLV) reverse transcriptase (Promega).

Semi-quantitative RT-PCR was performed in a 25 pl reaction
mixture including an aliquot corresponding to 1/25 of the resulting
c¢DNA. The PCR program for amplification was as follows: initial
denaturation at 94°C for 3 min, 25-28 cycles at 94°C for 30 s, 55°C
for 30 s, 72°C for 30 s, and a final incubation at 72°C for 10 min.
PCR products were separated on a 2% agarose gel. Internal control
RT-PCR of B-actin was done on all specimens simultaneously. The
PCR primers used span different exons of corresponding genes.
Their sequences are as follows: Derlin-1 (forward [5'-TCG GCA
AAC TCG GCC TCA TC-3"T and reverse [5-TCT CCC GCC TCC
GCC ATT CT-3"), B-actin (forward [5'-GGC GGC ACC ACC
ATG TAC CCT-3'"] and reverse [5'-AGG GGC CGG ACT CGT
CAT ACT-3")).

To analysis the splicing of XBP1 mRNA, RT-PCR was performed
with forward (5-CCT TGT AGT TGA GAA CCA GG-3') and
reverse (5-GGG GCT TGG TAT ATA TGT GG-3") primers
following the same procedure as above. 442 and 416 bp fragments,
which represent spliced (XBP1s) and unspliced (XBP1,;) XBP1
respectively, were documented after separation on a 2% agarose gel
(Shang and Lehrman, 2004).

Antibody preparation and western blot analysis of Derlin-1.
Anti-Derlin-1 antisera were generated in New Zealand White rabbits
against peptides coupled to keyhole-limpet haemocyanin (KLH).
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The sequence of used peptides was (C) RHNWGQGFRLGDQ.
The initial immunization was done in complete Freund’s adjuvant
(Sigma Chemical Co.) and subsequent boosters were with imcomplete
Freund’s adjuvant (Sigma Chemical Co.). The antibody specific to
Derlin-1 was affinity purified on sepharose gel coupled with the
used peptides.

Cells were washed with PBS and lysed in SDS sample buffer.
After brief sonication and boiling, proteins were separated on a
12% SDS-PAGE and transferred to the 0.2 pm Immobilon PVDF
membranes (Millipore, Billerica). Membranes were incubated in a
block solution (5% skimmed milk, 0.1% Tween-20 in PBS) for
60 min, washed with PBST (PBS with 0.1% Tween-20), and
probed with primary antibodies diluted in the block solution (anti-
Derlin-1, 1 pg/ml; anti-Bip, 1 : 500, Santa Cruz Biotechnology, -
actin, 1 : 5,000, Sigma Chemical Co.) at 4°C overnight. Anti-human
B-actin antibody was used as the internal control. Following
washing and incubation with horseradish peroxidase (HRP)-
conjugated secondary antibody (Zhongshan Company) at 1 : 5000
in the block solution for 60 min, membranes were washed, detected
by ECL (Amersham), and visualized by exposure to X-ray film
(Amersham).

Electron microscopy. BD Falcon Cell Culture Inserts (Becton,
Dickinson and Company) were coated with 100 pl of 20 g/l gelatin
(Sigma Chemical Co.) at 4°C overnight in a humidified chamber.
The coated inserts were incubated at 37°C for 30 min and cells were
plated, cultured overnight. The membranes of the inserts with cells
growing on them were washed with PBS, fixed in 2% glutaraldehyde,
and then in 1% osmic acid. Following dehydration by sequential
extraction with graded concentrations of ethanol and clearing
process with propylene oxide, the membranes were embedded in
Epon 812 resin, sectioned on an ultramicrotome at high speed. The
resulting thin sections were mounted on nickel grids, stained with
1% urany! acetate (prepared fresh) and Reynolds’ lead citrate, and
assessed using a Hitachi 7100 electron microscope.

DNA construction and transfection. The full-length of Derlin-1
cDNA was amplified with the following primers: 5-ATT CGC
GGA TCC ATG TCG GAC ATC GGA GAC TGG T-3' and 5'-
TAG CCG GAA TTC TCA CTG GTC TCC AAG TCG AAA G-
3'. The restriction sites were included (underlined) to facilitate the
cDNA product cloned into pcDNA3 (Invitrogen).

CHEC cells were transfected with Derlin-1-pcDNA3 or pcDNA3
control as described (Dalby et al. 2004) with some modifications.
Briefly, 1x 10° cells were plated and grown to be at least 80%
confluent on the next day for transfection. 4 pig plasmid and 2.5 pl
Lipofectamine 2000 (Invitrogen) were diluted in 250 pl Opti-MEM
I reduced serum medium (Invitrogen) respectively, mixed, and
added to each well. Following incubation for 4 h, the transfection
mixture was replaced by fresh medium. The six-well plates were
cultured for 48 h and subjected to subsequent analysis.

Statistical analysis. The Student’s test was used to evaluate the
significance of differences between groups. The level of significance
was set at p <0.05.

Results

Down-regulation of Derlin-1 in CHEC cells. In a previous
effort to isolate tumor angiogenesis-associated genes, we have
identified Derlin-1 as one of the genes overexpressed in tumor
endothelial cells (unpublished data). To further confirm the
expression of Derlin-1 in various kinds of endothelial cells,
both RT-PCR and Western blot were used. The tested endothelial
cells derived from human umbilical vein (HUVEC), human
liver sinus (LSEC), human hepatic cavernous hemangioma
(CHEC), human liver cancer (LCEC), and human esophagus
carcinoma (ECEC), respectively. Derlin-1 mRNA and protein
level were measured by densitometric analysis of RT-PCR
(Fig. 1A) and Western blot (Fig. 1C) respectively. Quantitative
evaluation of the relative expression of Derlin-1 mRNA (Fig,.
1B) and protein (Fig. 1D) revealed that Derlin-1 was down-
regulated by approximate 70%, even larger scale, in CHEC
cells compared with other tested cells.

Recently, two additional Derlp-homologous proteins,
designated Derlin-2 and -3, have been identified (Lilley and
Ploegh, 2005; Oda et al., 2006). Similar to Derlin-1, they are
both suggested to be required for ERAD in mammalian cells
as well (Oda ef al., 2006). Amino acid sequence alignment of
human Derlin-1, Derlin-2, and Derlin-3 indicated that the
sequence of peptides used for Derlin-1 antibody preparation
showed no homology to Derlin-2 and -3. Therefore, Derlin-1
antibody used did not react to Derlin-2 and -3, which was
further confirmed in the subsequent study, where Derlin-1 was
up-regulated after introduction of Derlin-1 construct into
CHEC cells.

Overexpressed Derlin-1 inhibited ER expansion in CHEC
cells. Derlin-1 has previously been implicated in disposal of
misfolded proteins from the ER to the cytosol (Lilley and
Ploegh, 2004; Ye ef al., 2004; Lilley and Ploegh, 2005; Ye et
al, 2005). Down-regulation of Derlin-1 might result in
excessive accumulation of misfolded proteins in ER, and thus
affect ER dynamic. It has been reported that ER is considerably
enlarged in Ader! yeast cells (Taxis et al., 2002). Therefore,
transmission electron microscopy (TEM) was used to
examine the ER ultrastructure. Three kinds of endothelial cells
were used, including CHEC, LCEC, and LSEC cells. For
each cell line, at least fifty cells were analyzed. Compared
with LCEC and LSEC cells, CHEC cells contained enlarged
rough ER (RER), which was characterized by intracellular
membrane-bound structures that were frequently studded with
ribosomes (Fig. 3A).

To further determine whether Derlin-1 plays a role in the
ER expansion in CHEC cells, Derlin-1 was overexpressed and
ER expansion was examined. We first amplified the full-
length of Derlin-1 ¢cDNA and cloned it into the eukaryotic
expression vector pcDNA3, generating Derlin-1-pcDNA3.
CHEC cells were transfected with Derlin-1-pcDNA3 and
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Fig. 1. Derlin-1 expression in endothelial cells. (A) RT-PCR analysis of Derlin-1 mRNA expression in the indicated endothelial cells. -
actin served as the internal control, and was amplified with Derlin-1 in the same reaction. M, DL2, 000 DNA marker. (B) Derlin-1
mRNA level quantitated from RT-PCR in (A). The absorbance of the bands was measured by densitomeric analysis. The relative
expression of Derlin-1 mRNA was quantitated from three separate experiments and normalized to that of B-actin. Columns, mean; bars,
SE (CHEC cells versus other tested cells, *p <0.05). (C) Western blot analysis of Derlin-1 protein expression in the indicated cells. (D)
Derlin-1 protein level quantitated from Western blot in (C). Columns, mean for three separate experiments; bars, SE (CHEC cells
versus other tested cells, *p <0.05). CHEC, endothelial cells derived from human hepatic cavernous hemangioma; HUVEC, human
umbilical vein endothelial cells; LSEC, human liver sinus endothelial cells; LCEC, human liver cancer endothelial cells; ECEC, human

esophageal cancer endothelial cells.

empty vector pcDNA3, respectively. Combination of RT-PCR
and Western blot analysis showed that the expression level of
Derlin-1 mRNA and protein were both significantly up-
regulated, an approximate 3- to 4-fold increase in Derlin-1-
pcDNA3-transfected cells compared with mock or empty
vector-transfected control, thus confirming the efficacy of
transfection (Fig. 2). Next, ER ultrastructure was examined.
Fifty cells per sample were analyzed. The enlarged ER was
diminished in 44% to 64% of Derlin-1-pcDNA3-transfected
CHEC cells, whereas no changes were detected in all
analyzed empty vector-transfected CHEC cells (Fig. 3B).

UPR activation diminished with Derlin-1 overexpression.
UPR has been suggested to play an important role in
regulation of ER biogenesis (Shaffer et al., 2004; Sriburi et
al., 2004; Federovitch et al, 2005). In yeast cells, UPR is
essential for ER proliferation induced by der/ deletion
mutation (Taxis et al, 2002). To determine the possible
molecular mechanism(s) responsible for the ER dynamic
affected by Derlin-1 overexpression, UPR activation was
examined. Bip, the major ER chaperone, acts to regulate the
activation of UPR transducers. Enhanced expression of Bip
has been widely used as an UPR marker (Ito ef al.,, 2004; Lee,
2005). Western blot analysis showed that Bip was up-

regulated in CHEC cells (Fig. 4A, lane 4; Fig. 4B) by an
approximate 3- to 4- fold increase compared with LCEC or
LSEC cells (Fig. 4A, lane 2 and 3; Fig. 4B). IER1/XBP1 is an
important branch of the UPR. Its activation was studied by
monitoring the splicing of 26 bp fragment from XBP1
transcript. Amplification of the 442 bp fragment of the XBP1
cDNA was used to discriminate the spliced (416 bp) (XBP1g)
and unspliced (442 bp) (XBP1y) forms of XBP1. The positive
control was provided by LSEC cells treated with 2 mM DTT
for 30 min. It has been reported that a 30-min treatment is
sufficient for mRNA induction of UPR targets (Shang and
Lehrman, 2004). In the positive control (Fig. 4C, lane 1), two
bands appeared, the minor and larger band corresponding to
XBP1y, whereas the major and smaller band representing
XBPl1s, indicating that UPR was activated. In LCEC and
LSEC cells (Fig. 4C, lane 2 and 3), we detected only the band
corresponding to XBP1y;, whereas in CHEC cells (Fig. 4C,
lane 4), two bands appeared, the minor and major band
corresponding to XBP1y and XBP1g respectively. Enhancing
expression of Bip and UPR-specific splicing of XBP1
suggested that UPR was activated in CHEC cells.

When Derlin-1 was overexpressed in CHEC cells, UPR
activation was checked. The expression level of Bip protein in
the Derlin-1-pcDNA3-transfected CHEC cells (Fig. 4A, lane
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Fig. 2. Derlin-1 expression in genetically modified CHEC cells. (A) CHEC cells were transfected with pcDNA3 or Derlin-1-pcDNA3
and tested for the expression of Derlin-1 by RT-PCR. (B) The quantified Derlin-1 mRNA level in the untreated, pcDNA3-transfected,
and Derlin-1-pcDNA3-transfected CHEC cells from three separated experiments. Columns, mean; bars, SE (Derlin-1-pcDNA3-
transfected cells versus untreated or pcDNA3-transfected control, *p <0.05). M, 100 bp DNA marker. (C) Western blot analysis of
Derlin-1 protein expression in the same cells as mentioned in (B). (D) Derlin-1 protein level quantitated from Western blot in (C).
Columns, mean for three separate experiments; bars, SE (Derlin-1-pcDNA3-transfected cells versus untreated or pcDNA3-transfected

control, *p <0.05).

6; Fig. 4B) dropped to approximate 38% to 50% of the control
(Fig. 4A, lane 4 and 5; Fig. 4B). With regard to XBP1, the
amount of XBP1g decreased and that of XBP1y increased in
the Derlin-1-pcDNAS3-transfected cells (Fig. 4C, lane 6), as
compared with the case in the empty vector-transfected and
parental cells (Fig. 4C, lane 5 and 4), indicating that the XBP1
splicing was reduced. Both the reduced expression of Bip and
splicing of XBP1 indicated that UPR was recovered.

Discussion

The studies presented in this report further confirmed that
Derlin-1 was ubiquitously expressed in various kinds of
endothelial cells, but down-regulated in CHEC cells. ER was
found aberrantly enlarged in CHEC cells, but not in other
tested cells. When Derlin-1 construct was introduced into
CHEC cells, the dilated ER returned normal size. To explore
the possible mechanism(s) responsible for this ER dynamic,
UPR activation was examined. Enhanced expression of Bip
and UPR-specific splicing of XBP1 were observed in CHEC
cells, indicating that UPR was activated. With Derlin-1
overexpression in CHEC cells, the extent of UPR activation

diminished, as manifested by decreased expression of Bip,
reduced amount of XBPls, and increased expression of
XBP1y.

Derlin-1 is an ER-resident transmembrane protein with both
the amino and carboxy termini in the cytosol (Lilley and
Ploegh, 2004). It has been suggested to play a central role in the
retro-translocation of misfolded proteins from the ER to the
cytosol for degradation (Lilley and Ploegh, 2004; Ye ef al,
2004; Ye et al.,, 2005). During retro-translocation, the misfolded
proteins are recognized inside the ER lumen, targeted to Derlin-
1, ubiquitinated and extracted from the ER membrane by
Derlin-1-recruited p97 ATPase complex. Derlin-1 binds to
misfolded and ubiquitinated proteins and interacts with
ubiquitin ligases via binding to p97 and VIMP, thus provide the
missing link between events in the ER and those in the cytosol
(Ye et al, 2005; Oda et al, 2006). Derlin-1 interacts with
PNGase as well, which may be required for the deglycosylation
of a subset of misfolded glycoproteins, an essential process
before their degradation by the proteasome (Katiyar et al,
2005). Given the role of Derlin-1 in the elimination of
misfolded proteins in the ER, the ER dynamic affected by
Derlin-1 overexpression prompts us to consider the possibility
that ER is expanded to meet the demands for accommodating
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Fig. 3. Microscopy analysis of the ER. Cells were harvested, plated in cell culture inserts and cultured overnight. Then thin sections
were prepared and examined by transmission electron microscopy. (A) Representative micrographs of CHEC, LCEC, and LSEC cells.
(B) At 48 h after transfection with pcDNA3 or Derlin-1-pcDNA3, CHEC cells were subjected to microscopy analysis. Representative
micrographs of three separate experiments were presented. The magnification of micrographs is shown with scale bar (200 nm) in
bottom left corner. Arrows indicate representative ER. CHEC, endothelial cells derived from human hepatic hemangioma; LCEC,
human liver cancer endothelial cells; LSEC, human liver sinus endothelial cells.

increased amount of misfolded proteins arising from Derlin-1
down-regulation. As described previously, ER can be expanded
as well according to the demands placed upon the exocytic
pathway (Sriburi ef al,, 2004). Basing on the above assumption,
we suggest that Derlin-1 down-regulation may contribute, at
least in part, to the ER expansion in CHEC cells. Indeed, der!
deletion mutation had lead to considerable enlargement of the
ER in yeast cells (Taxis et al., 2002).

In an effort to investigate the mechanism(s) by which
overexpressed Derlin-1 inhibited ER expansion in CHEC
cells, UPR, an adaptive response to cope with excessive
accumulation of misfolded proteins in the ER, was examined
basing on the following observations. The functions of Derlin-
1 homologues are well conserved from yeast to humans, and
yeast derl deletion mutation induces ER expansion via UPR
(Taxis et al, 2002). Similar to the case of yeast Derl,
inactivation of C.elegans Derlin-1 by RNA interference can
elicit UPR as well (Ye ef al, 2004). Interestingly, UPR is
frequently accompanied by ER expansion in mammalian
cells. It has been demonstrated that IRE1-XBP1, one branch
of the UPR, is required for ER proliferation in the
immunoglobin secreting plasma cells (Shen et al, 2004;
Sriburi et al., 2004). Similarly, simulating UPR by enforced
expression of XBP1s induced phosphatidylcholine (PtdCho)
biosynthesis and triggered ER expansion in fibroblasts
(Sriburi et al, 2004). Recently, ER dilatation induced by

tumor necrosis factor (TNF)a in a reactive oxygen species
(ROS)-dependent fashion was observed in the murine
fibrosarcoma 1929 cells (Xue et al., 2005).

Bip has been well characterized as an UPR marker (Ito et
al., 2004; Lee, 2005). In our study, Bip was significantly up-
regulated in CHEC cells, as compared with that in other tested
cells, indicating that UPR was activated. One can speculate
that the enhanced expression of Bip in CHEC cells may result
from the different cell lines used. However, the possibility can
be at least partially, if not all, ruled out, as the expression of
Bip dropped after introduction of Derlin-1-pcDNAS3. In fact,
UPR-specific splicing of XBP1 also occurred in CHEC cells.
Thus, UPR activation in CHEC cells was further confirmed.
Given the role of UPR in ER expansion, the positive relation
between the extent of UPR activation and ER size inferred
from the Derlin-1 transfection suggests that ER expansion in
CHEC cells may result from the UPR. Most importantly,
XBP1 was also spliced, which has been demonstrated to play
a critical role in ER expansion (Shaffer ef al., 2004; Sriburi et
al., 2004). Collectively, our study suggests that UPR may be
involved in the ER dynamic affected by Derlin-1 overexpression
in CHEC cells. Further studies are warranted to investigate
how UPR inhibition affects the ER dynamic.

It is growing clear that UPR closely associates with a wide
range of diseases, such as carcinogenesis (Ma and Hendershot
2004), diabetes, ischemia, and neurodegenerative disorders,
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Fig. 4. Western blot analysis for Bip expression and RT-PCR analysis for XBP1 splicing. (A) Bip expression in the indicated
endothelial cells revealed by Western blot analysis. (B) Bip protein level quantitated from Western blot in (A). Columns, mean for three
separate experiments; bars, SE (CHEC cells versus LCEC or LSEC cells, *p <0.05; Derlin-1-pcDNA3-transfected CHEC cells versus
untreated or pcDNA3-transfected control, *p <0.05). (C) XBPI1 splicing in the indicated cells revealed by RT-PCR analysis. Three
separate experiments were performed. M, 100 bp DNA marker; LCEC, human liver cancer endothelial cells; LSEC, human liver sinus
endothelial cells; CHEC, endothelial cells derived from human hepatic hemangioma; positive control, LSEC cells treated with 2 mM
DTT for 30 min; XBP1y, unspliced form of XBP1; XBPlIs, spliced form of XBP1.

making ER a possible instigator of pathological cell death and
dysfunction (Xu ef al., 2005). Hepatic cavernous hemangioma
is the most frequent benign liver tumor. However, its
pathogenesis remains poorly understood. Recently, genetic
defects have been implicated in the pathogenesis of cerebral
and retinal cavernous angiomas (Couteulx et al, 2002;
Plummer et al., 2005; Zawistowski et al., 2005). Future studies
are warranted to investigate the role of Derlin-1 down-
regulation and ER expansion in the pathogenesis of hepatic
cavernous hemangioma and determine whether the UPR
associates with it.

In conclusion, we demonstrate that overexpressed Derlin-1
inhibits ER expansion in CHEC cells where Derlin-1 is
markedly down-regulated. Furthermore, we strongly suggest
that UPR may be responsible for the ER dynamic affected by
Derlin-1 overexpression. Thus, we provide another example
of a single protein being able to affect ER dynamic in
mammalian cells, and an insight into the possible molecular
mechanism(s).
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