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Abstract

The short arm of chromosome 3 contains multiple regions that are frequently affected by loss of
heterozygosity in human cancers. The TMEM7 gene, which encodes a transmembrane protein, is
among the candidate tumor suppressor genes located at one of these regions, 3p21.3. This gene is
expressed specifically in the liver, and the encoded protein shares substantial sequence homology
with human and mouse 28-kDa interferon-alpha (IFN-a) responsive protein. On the basis of these
observations, we have now investigated the possible role of TMEM?7 in the development of
hepatocellular carcinoma (HCC). We examined TMEM?7 expression in 20 primary HCC and 18 HCC
cell lines and found recurrent functional alterations. While TMEM7 mRNA was expressed in normal
hepatic cells, down-regulation or inactivation of the gene was detected in 85% and 33% of primary
HCC and HCC cell lines, respectively. To identify the mechanisms responsible for down-regulation
orsilencing of TMEM7, we examined genomic deletion and mutation as well as the effect of inhibitors
of DNA methyltransferase and histone deacetylase on cells with low levels or lacking endogenous
TMEM?Y expression. Homozygous deletion of TMEM7 was not detected in 17 pairs of human HCC
and the corresponding non-cancerous liver tissues or in any of 18 HCC cell lines studied. Likewise,
mutation of the gene was not detected in 18 HCC cell lines with low or normal TMEM?7 expression.
Treatment of two out of six cell lines exhibiting down-regulation or loss of TMEM7 with 5-aza-2’-
deoxycytidine and trichostatin A resulted in a additive increase in TMEM?7 expression, implicating
aberrant DNA methylation and histone deacetylation in the transcriptional silencing of this gene.
Ectopic expression of TMEM7 in two TMEM?7 deficient HCC lines suppressed cell proliferation,
colony formation, and cell migration in vitro and reduced tumor formation in nude mice. Treatment
of two highly invasive HCC cell lines with IFN-a for 7 days significantly increased TMEM7
expression and in inhibited cell migration. These observations implicate loss of TMEM7 expression
in hepatocarcinogenesis and suggest that modification of TMEM?7 expression by IFN-a may have
potential therapeutic relevance in a subset of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common human cancers worldwide and
accounts for 90% of all liver carcinomas. It is estimated that more than 560,000 new cases of
HCC are diagnosed annually, most of them having an unfavorable prognosis. The mortality
rate of HCC is high because many tumors are asymptomatic until late stages of development.
Various factors, including infection with hepatitis B or C viruses, dietary aflatoxin, alcohol
consumption, and exposure to chemical carcinogens, have been implicated in the etiology of
HCC [1]. In Western countries, the incidence of HCC has increased markedly in the last several
years as a result of an increased incidence of hepatitis virus infection [2,3]. Both chemical
carcinogens and oncogenic viruses induce DNA damage in liver cells that manifests at the
chromosome level as deletions, duplications, or translocations. The progression to HCC is a
slow process that includes several distinct stages that are associated with the sequential
accumulation of genomic alterations [1]. In addition, epigenetic changes are thought to play
an important role in hepatocarcinogenesis [4].

Chromosomal regions that are frequently deleted in cancer are thought to be the loci of tumor
suppressor genes, whose loss or inactivation contribute to unrestricted cell proliferation. Tumor
suppressor genes that are silenced by promoter methylation are thus often located at
chromosomal regions that are deleted in cancer cells [5,6]. Deletions of the short arm of
chromosome 3 are common in various types of cancer. Although region 3p21.3 is most
frequently affected by homozygous and heterozygous deletions in many cancers, the
identification of tumor suppressor genes at this site has been difficult [7]. Among bona fide
and candidate tumor suppressor genes localized to this region of 3p, the gene for TMEM7
(transmembrane protein 7) was identified by combined deletion mapping and by the
“elimination test” i.e. SCID passage of chromosome 3 monochromosomal hybrids and
mapping of the non-randomly lost regions [8,9].

We found that TMEM7 shares 38% sequence identity and 45% sequence similarity with human
and mouse 28-kDa interferon-a (IFN-a) responsive protein [10,11]. The antiviral,
antiproliferative, apoptosis-inducing, anti-angiogenic, and immunologic effects of IFNs are
mediated by transcriptional induction of various genes [12]. These observations, together with
the TMEMY7 expression adult and fetal liver and its chromosomal location, prompted us to
investigate whether this gene may contribute to the pathogenesis of HCC. We have now
examined various HCC cell lines and primary tumors for alterations of TMEM7. Our results
show that expression of TMEM7 was down-regulated or silenced in both primary tumors and
HCC cell lines, and that either ectopic expression of TMEM7 or IFN-a induced up-regulation
of endogenous TMEM?7 suppressed tumor cell proliferation or invasion.

Materials and Methods

Primary HCC specimens and PCR analysis of TMEM7

Primary tumor specimens were obtained by surgical resection of HCC from 17 patients in
Qidong, China. Each tumor sample was matched with its surrounding noncancerous liver
tissue. The tumors were positive for hepatitis B virus (HBV) surface antigen and /or PCR
detection of the HBVx gene. DNA was extracted from tumor tissue samples, and portions of
TMEM?Y and of the B-globin gene (internal control) were amplified by a multiplex polymerase
chain reaction (PCR) with the primers 5’-GATCCTGAAAAACCTGGTGT-3” and 5’-
TCCAAGGCTCATATAGCAGT-3’ for TMEM?7 (sense and antisense, respectively, yielding
a product of 369 bp) and 5’-GAAGAGCCAAGGACAGGTAC-3" and 5’-
CAACTTCATCCACGT TCACC-3’ for the B-globin gene (sense and antisense, respectively,
yielding a product of 268 bp). PCR was performed with a Peltier Thermal Cycler (MJ Research,
Watertown, MA) according to standard protocols.
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HCC cell culture, mutation screening, and RT-PCR analysis of TMEM7 expression

Eighteen HCC cell lines used in the present study were previously described and analyzed by
comparative genomic hybridization (CGH) [13]. Cells were cultured under a humidified
atmosphere of 5% CO, at 37°C in Dulbecco’s modified Eagle’s medium (DMEM)-F12
supplemented with 10% fetal bovine serum, 2 mM glutamine, penicillin (100 U/ml), and
streptomycin (100 pg/ml). They were passaged by exposure to trypsin. Total RNA was isolated
from the cells with the use of an RNeasy kit (Qiagen, Valencia, CA) and was subjected to
reverse transcription (RT) and multiplex PCR analysis with the TMEM7-specifc primers
described above and with the primers 5’-CTCGCGAACAAGGGATTATG-3 and 5’-
ACACAGCCCAGCCACATTA-3’ (sense and antisense, respectively, yielding a product of
507 bp) specific for DLC1 (internal control). TMEM7 PCR products amplified from the HCC
cell lines were also purified and sequenced for detection of mutations. Total RNA from HCC
cell lines and from 20 primary HCC samples were analyzed by quantitative real time PCR for
expression of TMEM7. DNA from these primary HCC samples was not available. The
TMEM?Y primer sets, probes, and an endogenous control GAPDH were purchased from Applied
Biosystems (Applied Biosystems, Foster City, CA). The ABI PRISM 7900HT Sequence
Detection System (PE Applied Biosystems, Foster City, CA) was used with a universal cycling
condition. The 2—{Delta}{Delta}Ct method was used to calculate the relative fold difference
of TMEM7 mRNA expression in all samples. Two-fold increased or decreased expression was
considered significant.

Tissue distribution of TMEM7 mRNA

The abundance of TMEM7 mRNA in human organs and tissues was determined with the use
of Rapid-Scan Gene Expression Panels (OriGene Technologies, Rockville, MD). TMEM7
primers used as above and 5’-GTGGGGCGCCCCAGGCACCA-3’ and 5’-
CTCCTTAATGTCACGCACGATTTC-3’ (sense and antisense, respectively, yielding a
product of 540 bp) for the actin gene (internal control). PCR was performed with a Peltier
Thermal Cycler, and 10 pl of each reaction mixture were then subjected to electrophoresis.

Plasmid construction and cell transfection

Afull-length TMEM7 cDNA was subcloned into pcDNA-DEST40 and pcDNA-DEST47-GFP
(Invitrogen, Carlsbad, CA), vectors designed for high-level stable or transient expression in
mammalian cells. The sequence and orientation of the constructs were confirmed by DNA
sequencing. Cells were transfected with the vectors using Lipofectamine 2000 (Invitrogen) and
were subjected to selection 48 h after transfection by incubation in complete medium
containing G418 (Invitrogen) at 200 or 250 ug/ml. Expression of TMEM7 cDNA in the
transfected cell lines was assessed by RT-PCR analysis. The efficiency of transient transfection
was evaluated under the same experimental conditions with pcDNA-DEST47-GFP vectors.
Selected stable transfectants were expanded for analysis of tumorigenicity.

Assay of cell growth, colony formation, and cell migration

Exponentially growing cells were transfected with either pcDNA-DEST40 or pcDNA-
DEST40-TMEM?7, harvested 2 days later, and transferred to six-well plates (3 x 104 cells per
well) in G418 selection medium. The cells were harvested with trypsin at 48-h intervals during
incubation for up to 10 days and the number of viable cells was determined by staining with
trypan blue. Colony formation was assayed with a cell transformation detection kit (Chemicon,
Temecula, CA). The transfected cells were thus suspended in 0.4% agar, layered onto a 0.8%
agar base, and incubated at 37°C until colonies formed. The colonies were counted after
staining with the solution included with the kit. For assay of cell migration in vitro, transiently
transfected cells (2 x 10°) were suspended in serum-free medium and seeded into the upper
compartment of BIO-COAT invasion chambers containing a membrane (pore size, 8 um) that
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had been coated with Matrigel (Becton Dickinson, Bedford, MA). The lower compartment of
the chambers was filled with complete medium. After incubation for 24 h at 37°C, cells that

had migrated to the bottom surface of the membrane were fixed, stained with Diff-Quick (Dade
Behring, Newark, DE), and counted.

Detection of IFN-a responses

Two highly invasive HCC cell lines, HLF and MHCC97, that express moderate levels of
TMEMY were cultured in 100-mm dishes and incubated with native IFN-a (Schering,
Kenilworth, NJ) at 100 or 1000 1U/ml or with vehicle for 7 days, with a change of medium
every 2 days. The cells were subjected to RT and real-time PCR analysis for measurement of
TMEM7 mRNA or were assayed for cell migration as described above. For quantitative RT-
PCR analysis, total RNA was isolated from the cells and converted to cDNA, 200 ng of which
were then subjected to real-time PCR with TagMan Universal PCR Master Mix and an ABI
Prism Sequence Detection Instrument 7900 (Applied Biosystems, Foster City, CA). Primers
and TagMan probes for TMEM7 (Assay ID: Hs00230189-m1) and for the glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) gene (internal control) were obtained from Applied
Biosystems.

Tumorigenicity assay

HCC cells (PLC/PRF/5 and SNU 398) stably transfected with pcDNA-DEST40-TMEMY or
with the empty vector were harvested. The cell viability was assessed by staining with trypan.
Viable cells (2 x 108) were injected subcutaneously at the proximal dorsal midline of 6-week-
old male athymic nu/nu mice (Harlan). The size of the resulting tumors was measured in two
dimensions twice a week for up to 6 weeks.

Effects of DNA methylation and histone deacetylation inhibitors on TMEM7 expression

HCC cell lines with undetectable or low levels of TMEM7 expression were cultured in six-well
plates to 30 to 40% confluence and were then incubated with 1 uM 5-aza-2’-deoxycytidine
(Sigma-Aldrich, St. Louis, MO), a DNA methyltransferase inhibitor, for 72 h; with 500 nM
trichostatin A (Sigma-Aldrich), a histone deacetylase inhibitor, for 12 h; or with the
combination of 1 uM 5-aza-2’-deoxycytidine (for 72 h) and 500 nM trichostatin A (added only
during the last 12 h). Total RNA was then extracted from the cells and subjected to RT and
real-time PCR analysis for quantitation of TMEM7 mRNA as described above.

Statistical analysis

Results

All data are representative of at least three independent experiments. Quantitative data are
presented as means + SD, and the significance of differences between means was determined
by Student’s t test. A P value of <0.05 was considered statistically significant.

Structure of TMEM7

Human TMEM7 encompasses ~ 3 kbp of genomic DNA, comprises two exons consisting of a
total of 791 bp, and encodes a protein of 232 amino acids with a predicted molecular size of
27 kDa (Figure 1A). The SMART program predicts that the TMEM?7 protein contains a single
transmembrane domain that comprises amino acids 211 to 228 (LSIFCCCVILIVIVVIVV).
Sequence alignment with the use of GCG Gap-Global revealed that human TMEM?7 shares
38% sequence identity and 45% sequence similarity with human or mouse 28-kDa IFN-a
responsive protein (Figure 1B). No conserved domains were detected in TMEM7 by the NCBI
Conserved Domain Search program.
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Expression and mutation screening of TMEM7 in HCC cell lines

The expression of TMEM7 in 18 HCC cell lines was examined by RT-PCR analysis. The loss
or near loss of TMEM7 expression in the absence of homozygous deletion of the gene was
apparent in six (33%) of the eighteen cell lines (Figure 2A). Sequencing of TMEM7 exon 2 in
these HCC cell lines did not detect any mutations (data not shown).

Expression of TMEM7 in human tissues and primary HCC

Expression of TMEM7 in 24 human organs or tissues was examined with an RT-PCR-based
system. TMEM7 mRNA was most abundant in adult liver but was also present in smaller
amounts in kidney, testis, and fetal liver (Figure 2B). It was not detected or was present at only
low levels in the other organs and tissues examined. Quantitative real time PCR analysis of 20
primary HCC tumors showed down regulation of TMEM?7 expression in 17 tumors (85%) as
compared normal liver tissue (Figure 2C). Homozygous deletion of TMEM7 was not detected
by Southern blotting in 17 primary HCC specimens and their matched normal tissue samples
(data not shown).

Effects of TMEM7 on cell growth, colony formation, and cell migration

We examined the effects of TMEM?7 on various cellular activities by transient transfection of
two HCC cell lines, SNU 398 and PLC/PRF/5, which contain only a small amount of
endogenous TMEM7 mRNA with either p)cDNA-DEST40-TMEM7 and pcDNA-DESTA47-
GFP-TMEMY or the corresponding empty vectors. Using fluorescent microscopy, we detected
approximately 65 to 75% transfection efficiency in SNU 398 and PLC/PRF/5 cells transfected
with pcDNA-DEST47-GFP-TMEM?Y. Transfection of each of the two HCC cell lines with the
TMEM?Y vector resulted in suppression of cell growth that was first apparent 4 days after
transfection compared with the rate of increase in cell number observed in cells transfected
with the empty vector (Figure 3A). Transfection with the TMEM?7 vector also resulted in a
marked reduction in both the number and size of colonies formed by each cell line compared
with that apparent with cells transfected with the empty vector (Figure 3B). We also examined
the effect of TMEM7Y expression on the invasiveness of SNU 398 and PLC/PRF/5 cells in vitro.
Although the proportions of PLC/PRF/5 and SNU 398 cells transfected with the empty vector
that migrated through a Matrigel-coated membrane differed by a factor of >2, ectopic
expression of TMEM?7 inhibited cell migration by >50% in both HCC cell lines (Figure 3C).

Effects of IFN-a on TMEM7 expression in and migration of HCC cells

To determine whether TMEM?7 is an IFN-o responsive gene, we examined the effect of IFN-
a on the abundance of TMEM7 mRNA in HLF and MHCC97 cells, both of which are highly
invasive and express TMEM7 at a moderate level. Quantitative RT-PCR analysis revealed that
incubation of cells with IFN-a for 7 days resulted in a concentration-dependent increase in the
amount of TMEM7 mRNA in each cell line (Figure 4A). We also examined the effect of IFN-
a on cell migration in vitro. Although incubation of cells with IFN-o at 100 1U/ml for 7 days
had no effect on cell migration (data not shown), incubation with IFN-o at 2000 1U/ml resulted
in >50% inhibition of cell invasiveness (Figure 4B).

Effect of TMEM7 on tumorigenicity

To examine the effect of TMEM7 on tumorigenicity in vivo, we injected HCC cells stably
transfected with pcDNA-DEST40-TMEM?7, which showed high levels of TMEM7 expression
as quantified by real time PCR, or with the empty vector into athymic nude mice. Restoration
of TMEM?Y expression reduced the ability of SNU 398 and PLC/PRF/5 cells to form tumors in
nude mice. Compared with cells transfected with the empty vector, those transfected with the
TMEM7 vector showed an increased latency to tumor formation and formed markedly smaller
and fewer tumors (Table 1).
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Inactivation of TMEM7 by DNA methylation and histone deacetylation in HCC cells

Given that homozygous deletion and mutation were not responsible for down regulation or
loss of TMEM7 expression in the HCC cell lines studied, we examined the possible role of
DNA methylation or histone deacetylation in TMEM?7 silencing by treating four of the affected
cell lines with 5-aza-2’-deoxycytidine or trichostatin A, respectively. Whereas these agents
alone or together had no effect on TMEM?7 expression in PLC/PRF/5 or HLE cells, 5-aza-2’-
deoxycytidine induced 6.4- and 4.5-fold increases in the amount of TMEM7 mRNA in SNU
398 and SNU449 cells, respectively (Figure 5). Although trichostatin A alone had no effect on
TMEMY expression in the latter two cell lines, it potentiated the effect of 5-aza-2’-
deoxycytidine about 27 to 34% more.

Discussion

The identification of cancer-related genes, which constitute only a small fraction of the human
genome, is fundamental to the development of new therapeutics. We have now shown that
expression of TMEM7 is down-regulated in 85% of the primary HCC and in 33% of the HCC
cell lines studied. Restoration of the expression of this gene in such cell lines by vector
transfection results in inhibition of tumorigenic properties in vitro and in vivo. Ectopic
expression of TMEM?7 thus suppressed cell growth and migration in vitro as well as tumor
formation in vivo, showing that TMEM?7 acts as a tumor suppressor gene in HCC cells.

About 30% of HCC patients exhibit loss of heterozygosity on chromosome 3p, and loss of
DNA copy number at 3p has been detected by CGH in the HCC cell lines used in the present
study [13]. Current analysis showed that homozygous deletion and mutation of TMEM7 were
not responsible for down-regulation of the expression of this gene in the affected cell lines and
were also not detected in the primary HCC tumor specimens. These results are not surprising
given the fact homozygous deletions are rare in primary HCC tumors and HCC cell lines
[14,15] and that none of the other 3p21.3 genes appear to be mutational targets in cancers.
However, as in other types of cancer, aberrant DNA methylation and histone deacetylation also
contribute to the inactivation of tumor suppressor genes in HCC [4,16]. Down-regulation or
complete silencing of the expression of RASSF1A, BLU, SEMA3B, FHIT, RIZ, and VHL, all
of which are candidate or bona fide tumor suppressor genes on chromosome 3p, has been
detected in HCC and shown to be the result of genetic or epigenetic mechanisms [17,18-21].
In the present study, treatment of TMEM7-deficient HCC cell lines with trichostatin A alone
had no effect on TMEM7 expression. However, this histone deacetylase inhibitor potentiated
the stimulatory effect of 5-aza-2-deoxycytidine on TMEM?7 expression in two HCC cell lines.
A similar effect of these two agents was recently observed in prostate cancer cell lines and is
consistent with the notion that optimal reexpression of genes silenced by promoter methylation
and histone deacetylation can be achieved by treatment with inhibitors of both processes
[22]. Most recently the molecular mechanisms responsible for such optimal response by
sequential treatment with methyltransferase inhibitors and histone deacetylase inhibitors have
been reported [23]. Drugs that bring about DNA demethylation or histone acetylation have
been shown to have therapeutic potential in cancer and the responses to their combination
justify the testing in randomized clinical trials [6,23,24]. Other mechanisms responsible for
TMEM?Y deregulation, such as phosphorylation and ubiquitination remain to be examined .

Ectopic expression of TMEM7 in TMEM7-deficient HCC cells resulted in inhibition of cell
proliferation, colony formation, and cell migration in vitro as well as of tumor formation in
nude mice. Although restoration of TMEM?7 expression in HCC cells did not prevent tumor
formation in most injected mice, it reduced both the number of mice that developed tumors
and tumor size as well as increased the latency to tumor formation. We previously showed that
ectopic expression of DLC-1, which functions as tumor suppressor gene, resulted in a similar
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reduction in the frequency and size of tumors formed by HCC cells in this model system
[25]. In breast and lung cancer, DLC-1 abolished the in vivo tumorigenicity [26,27].

Based on the 38% sequence identity and 45% sequence similarity of the 28-kDa IFN-a-
responsive protein with TMEM7 we addressed the question whether there are functional
similarities and/or cooperation between them. IFN-o manifests antiviral as well various
antitumor activities that include immunomodulatory, antiproliferative, and anti-angiogenic
effects [28,29]. Chemoadjuvant therapy with IFN-o has been shown to be highly effective,
inhibiting dissemination to secondary sites, in individuals with advanced and metastatic HCC.
We have shown that exposure of highly invasive HCC cell lines to IFN-a resulted in a marked
increase in the abundance of TMEM7 mRNA as well as inhibition of cell migration in vitro. A
similar effect of IFN-a on cell invasiveness has been observed in HLF cells [29]. IFN-a also
exerts antiproliferative and antimetastatic effects on HCC through inhibition of matrix
metalloproteinase expression. The migration of and invasion by HCC cells require matrix
metalloproteinase activity [29,30]. Lactoferrin, which is encoded by another candidate tumor
suppressor gene located in the region of deletion at 3p21.3 in cancer cells, exerts an
immunomodulatory effect through up-regulation of IFN-a expression in healthy individuals
[31,32].

In summary, we have shown that TMEM?7 appears to be an IFN-a responsive gene and manifests
tumor suppressor activity that may be important in the pathogenesis of HCC. Our observations
suggest that TMEM7 has potential therapeutic applications not only for cancer but also for
inflammatory or infectious diseas
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Nonstandard abbreviations

TMEM7

transmembrane protein 7
HCC

hepatocellular carcinoma
IFN-a

interferon alpha

Cancer Genet Cytogenet. Author manuscript; available in PMC 2008 August 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zhou et al.

HSA
HSA
Mu.

HSA
HSA
Mu.

HSA
HSA
Mu.

HSA
HSA
Mu.

HSA
HSA
Mu.

HSA
HSA
Mu.

Page 10

Exton 1 (223 bp) Exton 2 (568 bp)

. Untranslated region . Coding region

B.

™EMZ[]- - A T e VI BV O R B v [ v 4 R R P PNA LBy v« P EEIVEEEEL v 48
INF28flv v - - TWEQTFQELQEKPWTLLDNLD Q[ « PREEY R 48
iz v [ D P TwEoTFoELMOEEK PIAARWE LBl ok vEFRT P o[ YA MG widofo o il
™em7 T A B sclrREWASAQ ! :

INF28 A5 (MR s ' '

INF28 V L 4R s

™M P LD T oANE s BN « [ - R C RGE-FQIEVMKDI 147
28 sPYEwm sps T MEEEN s [NR0 H N-6MRES PEAMEIVIRL E 147
nr2s ¢ ol T B « IS T 1 B « G v E v v Bl @ R HERlk 2aAMTsnasLce kMTIold 150

2l e HTEDIN c £ A FEAGcPIQVTSLPERoTRRVIY- ---------- SIKVE186
INF28 S 3N cE A cllt o c o PEANERAR kKBL LEIL@TonsBroIcaviiL AN 197
INF28 RN sIlN s iR caLan Kk vIGAP RIS EIL PIds s sPRKS CPP---pPP 197
TMEM EVVKPWASGENVYSYACQN-HI N---SFCCV IvBEvv vk - - - 230
INFZSEAKHQSDEAEAKGSYEKLGPS DEDPN——V LV——IVKC243
s TREOTOFoNETFooFANRTFoGIAEP oreEeEr P LIAL FINSEA ARRA L Fs LIR 247
™MEMZRE A T 232
INF28RS E 246
INF28 R 249
Figure 1.

Structure of human TMEM?7 (A) and sequence alignment of human TMEM7 with human (HSA)
or mouse (Mu) 28-kDa IFN-a responsive proteins (B). Identical residues in the sequence
alignment are shaded, and dashes represent gaps introduced to optimize the alignment.
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Figure 2.

RT-PCR analysis of TMEM7 expression in human organs or tissues, primary HCC samples,
and in HCC cell lines. (A) Expression of TMEM7 in HCC cell lines. Total RNA was isolated
from the cell lines and subjected to RT-PCR analysis with primers specific for TMEM7 and
for DLC1 (internal control). The cell lines Huh 6, HuH7, Chang, SK-Hep-1, and Focus (lanes
1to 4 and lane 6, respectively) manifested a moderate level of TMEM7 expression, whereas
TMEM7 mRNA was undetectable or present at low levels in SNU449, PLC/PRF/5, HLE, SNU
387, SNU 398, and SNU 475 (lane 5 and lanes 7 to 11, respectively). A moderate level of
TMEM?Y expression was also detected in the HCC cell lines HLF, MHCC97, 7703K, HepG2,
Hep3B, Hep40, and SNU 182 (data not shown). (B) Expression of TMEM7 in human organs
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and tissues measured with a panel of cDNAs prepared from brain, heart, kidney, spleen, liver,
colon, lung, small intestine, skeletal muscle, stomach, testis, placenta, salivary gland, thyroid,
adrenal gland, pancreas, ovary, uterus, prostate, skin, plasma leukocytes, bone marrow, fetal
brain, and fetal liver (lanes 1 to 24, respectively). PCR was performed with primers specific
for TMEM?Y and for the B-actin gene (internal control). Lane M, molecular size standards. (C).
Expression of TMEM?Y in primary HCC samples. N; normal liver sample and T1-T20, primary
HCC tumor samples. Among 20 tumors examined, 17 displayed down regulation of TMEM7
expression.
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Figure 3.

Inhibition of HCC cell growth, colony formation, and cell migration by ectopic expression of
TMEM?Y. (A) Cell growth. PLC/PRF/5 or SNU 398 cells were transiently transfected with
pcDNA-DEST40-TMEMY or pcDNA-DEST40, harvested after 48 h, and transferred to six-
well plates (3 x 104 cells per well). The number of viable cells was determined at various times
thereafter (upper panel) and the wells were photographed after 10 days (lower panel). (B)
Colony formation. Cells transfected as in (A) were harvested and assayed for colony formation.
Colonies formed after 12 days were stained, counted (upper panel), and photographed (lower
panel). Data are expressed as colony formation efficiency relative to that of each cell line
transfected with the empty vector. (C) Cell migration. Cells transfected as in (A) were harvested
and assayed for cell invasiveness with a Matrigel-coated membrane. Cells that had migrated
through the membrane after incubation for 24 h were stained and counted . Data are expressed
as the average number of invading cells per microscopic field (400%) determined from 10 fields
per membrane. Quantitative data in (A) through (C) are means + SD of values from three
independent experiments.
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Figure 4.

Induction of TMEMY expression in and inhibition of migration of HCC cells by IFN-a. (A)
TMEMY expression. HLF and MHCC97 cells were incubated in the absence or presence of
IFN-o (100 or 1000 1U/ml) for 7 days, after which the abundance of TMEM7 mRNA was
determined by quantitative RT-PCR analysis. (B) Cell migration. HLF and MHCC97 cells
were exposed to IFN-a (1000 1U/ml) for 7 days and were assayed for cell invasiveness with a
Matrigel-coated membrane during the final 24 h of exposure. Cells that had migrated through
the membrane were stained, photographed (upper panel), and counted (lower panel). Data are
expressed as the average number of invading cells per microscopic field (400x) determined
from 10 fields per membrane. Quantitative data in (A) and (B) are means + SD of values from
three independent experiments.
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O Control
WAZA
OTSA
OAZA+TSA

HLE

Effects of DNA methyltransferase and histone deacetylase inhibitors on TMEM?7 expression
in HCC cells. The indicated cell lines were incubated with 5-aza-2’-deoxycytidine (AZA), with
trichostatin A (TSA), or with both agents as described in Materials and Methods, after which
the abundance of TMEM7 mRNA was determined by quantitative RT-PCR analysis.
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Inhibition of in vivo tumorigenicity of HCC cells by restoration of TMEM?7 expression.

Table 1
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Cell Line number of cells Latency (days) Tumor size # of tumors/# of
inoculated (WxL mm) inoculations
SNU 398 Vector 2x10° 30 12x14 20/20
SNU 398 TMEM7 2x10° 45 6x8 10/20
PCL/PRF/5 Vector 2x10° 45 13x16 19/20
PCL/PRF/5 TMEM7 2x10° 60 8x10 13/20
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