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SHORT COMMUNICATION

Gene expression profile favoring phenotypic reversion: a clue for mecha-
nism of tumor suppression by NF-IL63UTR
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ABSTRACT

Transfection of cDNA in 3'untranglated region of human nuclear factor for interleukin-6 (NF-IL6 3'UTR) in-
duced tumor suppression in a human hepatoma cell line. ¢cDNA array analysis was used to reveal changesin gene
expression profile leading to tumor suppression The results indicate that this suppression was not due to activation
of dsRNA-dependent protein kinase, nor to inactivation of oncogenes; rather, all the changesin expression of known
genes, induced by NF-IL6 3' UTR cDNA may be ascribed to the suppression of cdlular malignancy. Therefore, our

resultsimply that this 3' untranslated region may have played role of aregulator of gene expression profile.
Key words: cDNA array, NF-IL6, hepatoma, 3'UTR, tumor suppression.

INTRODUCTION

Studies on the suppression of malignancy of tumor
cells are important for the understanding of the mecha-
nism of tumor suppressors and for the establishment of
novel therapies of tumors. Since the last decade of the
20" century, several 3'untranslated regions of eukary-
otic mRNAs were found to have in vitro tumor sup-
pressor activity. They caused phenotypic reversion
(lowering of tumorigenicity) in cultured tumor cells or
malignant cellg1- 6]. However, the molecular mecha-
nisms of these tumor suppressor effects remain elusive.

Several years ago, a regulatory element with tumor
suppressor activity, NF-1L6 3'UTR, was found, which
caused tumor suppression in apart of mouse malignant
DT cellg1, 2]. Recently, in order to test its tumor-sup-
pressive effect in different human tumor cell lines, we
transfected it into SMMC7721 cells, a human hepa-
tocarcinomacell line, and resulted in markedly reduced
malignancy (reversion) in significant part of the trans-
fected cell clones. Then, we determined the changesin
gene expression profile of atypical revertant clone by
using the cDNA array analysis, to pave the way for
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elucidating possible molecular mechanisms of thistumor
suppression. In thisreport, we will present results of this
analysis.

MATERIALSAND METHODS

Cdll linesand plasmids

SMMC7721, purchased from Cell Bank of Chinese Academy of
Sciences, Shanghai, is atypical hepatomacell ling[7]. pl4-6isa
recombinant pcD2 plasmid harboring a middle part of the
3’ untrandated region of the human NF-1L6 cDNA[4], stored in our
lab (GenBank accession number M98056). pcDmr Cl 2isaplasmid
containing the same genes as p14-6, but harbors no insert.

Transfection of cell lines and malignancy tests

Stable transfection was performed by using the Calcium phos-
phatetransfection kit (Invitrogen) according to theinstruction manual.
The concentration of cytotoxic antibiotic G418 (Sigma) was2 mg/ ml
(valence 1 mg/ml) for all cells, including controls. G418R clones
appeared in 1-2 week after screening. Cell growth curves determina-
tion and soft agar tests were performed according to our previous
methods[1]. Nude mice tumorigenicity tests were performed with
the Balb/c nu/nu nude mice, 4 -6 week age (from the Shanghai Center
for Experimental Animals, Chinese Academy of Sciences), which
were kept in the sterile rooms of Animal house of our Institute. 5x
10° cells per point were injected subcutaneously into the back of
animals. Positive tumorigenicity was defined as the appearance of
palpable tumor nodules in the injection points one month
postinjection.

cDNA array analysis
The cDNA array analysis were donein CASarray Co., Shanghai.
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The cells were directly lysed in culture bottles with Trizol®
(Invitrogen), then subjected to further mRNA purification, cDNA
synthesis and hybridizations. The cDNA array membanes used
contained 11,557 known genes and ESTs, and every gene had two
spots. The analysis was performed twice to guarantee reproducible
results, and passed strict quality control.

Semi-quantitative RT-PCR

6 genes, including 3 up-regulated and 3 down-regulated as re-
vealed by cDNA array analysis, were chosen to compare their cDNA
amounts by using semi-quantitative RT-PCR. The primers were de-
signed using OLI1GO version 6.44 software. For control, cDNA of
ribosomal protein gene S29, awell-known housekeeping gene, was
used. Reverse transcription of total RNAs from Cl 1, SMMC7721
and pcDmr was done, respectively, using Superscript || reversetran-
scriptase (Life Technologies and equal amounts (1 pl) of RT mixture
were used in a50 pl PCR reaction containing various primer pairs
and FD Taq DNA polymerase (Fuhua Co., Shanghai) under the same
conditions. Theintensities of bands were measured using Tanon gel
electrophoresis analysis software, and the values of their strengths
relative to S29 were calculated by dividing their measured band in-
tensities by the average S29 band intensities of RT PCR products of
corresponding cell lines. Theresultswere shown in avertical square

graph.

RESULTSAND DISCUSSION

Establishment of the NF-1L6 transfectants of
SMMC7721 cell line

TheNF-1L6 3 UTR cDNA (plasmid p14-6) was sta-
bly transfected into SMMC7721 cells by using standard
calcium phosphate procedure. It was found that this
hepatoma cell line has a certain endogenous G418
resistance, and thus a higher concentration (2 mg/ml) of
G418 was used for screening. This drug concentration
led to the reduction in the number of G418 clones;
however, all the transfectants contained plasmids, as
proved by Southern blots.

Phenotypic characteristics of the NF-1L6 3'UTR
transfectants of SMMC7721

By high concentration G418 screening, 14 indepen-
dent clones were obtained, 6 of which were found to be
contaminated by mycoplasma and excluded. The re-
maining 8 clones were used in experiments.

These pl14-6 transfectants had morphology similar to
their parent cells. The mgjority of clones grew slower
than SMMC7721 (see Fig 1B-1) and had reduced ability
to form colonies in soft agar medium (Tab 1 and FiglA;
in the figure, only ClI 1 and two controls were shown).
In the in vivo tumorigenicity tests, those transfectant
clonesthat formed less coloniesin soft agar also appeared
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Fig.1. Growth characteristicsof cell clones. A, morphology (upper)
and soft agar colonies (lower) of SMMC7721 (1), revertant Cl 1
(2) and control pcDmr Cl 2 (3). Bars: 10 um. B, growth curves of
all cell clones. 1, growth curves of 8 NF-1L6 3' UTR transfectants.
Thesignsinthecurvesare: A, Cl 1; 1§ Cl 2; ®,Cl 3; 18 Cl 4;
i, Cl 5 V,Cl 6; ¢,Cl7; 8 Cl 8. 2, growth curves of control
pcDmr clones. The signsin the curvesare: @ pcDmr Cl 1; 18§
pcDmr Cl 2; A, pcDmr CI 3; B, pcDmr Cl 4. In both figures the
thicker curveswith ¥ signs are growth curves of SMMC7721.

Tab 1. Soft agar colony test of cell clones

Name Colony Name Colony
formation ability* formation ability

Cl1 +- Cl8 +++

Cl2 + SMMC7721 ++++
Cl3 + pcDmr Cl 1 +++

Cl4 ++ pcDmr Cl 2 +++

Cl5 +- pcDmr Cl 3 +++

Cl6 + pcDmr Cl 4 +++

cl7 ++

*+-: 0 - 500 very small-sized colonies per dish. +: 500 - 1000
small- sized colonies per dish; ++: 1000-2000 small- and afew
middle-sized (diameter <=0.5 mm) colonies per dish; +++: >
2000, with >10 large (diameter >= 1mm ) colonies, per dish;
++++: > 2000, with > 10 very large (diameter > 2 mm) colonies,
per dish.
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Tab 3. Geneswhose regulation isinduced by NF-IL6 3'UTR, found by cDNA array analysis

GenBank Name

Accession Number

Expression ratio

Known functions

Cl YSMMCT7721(average)

1. Up-regulated genes

AB036063 p53-induced ribonucleotide
reductase small subunit 2 homolog
S59049 regulator of G protein signalling 1

(NM_002922)

AJ133355 zinc finger protein 237

u12767 nuclear receptor subfamily 4
groupA member 3

ALO079310 high-mobility-group protein 2-like 1

u87460 G-protein-coupled receptor 37
(endothelin receptor type B-like)

NM_020233 x 006 protein

BE301841 hypothetical protein
(DKFZp434N1923)

2 Down-regulated genes

AF012281 PDZ domain containing protein 1

M26326 keratin 18

K 00558 tubulin o, ubiquitous

D31885 ADP-ribosylation factor 6-like
Interacting protein

J03592 solute carrier family 25
(mitochondria carrier; adenine
nucleotide trand ocator), member 6

BE222923 highly similar to spectrin § chain

AF000989 thymosin 34, Y chromosome

X 06256 integrin o5 (fibronnectin receptor)

AL035297 human gene from PAC 747 L4

AKO001187 hypothetical protein FLJ14642

AA885521 KIAA1409 protein

2.05 Tumor suppressor related to p53[9]

251 Negative regulator of G protein sig-
nalling[16]

227 Putative regulator (DNA-binding)

2.84 Putative regulator (DNA-binding)[ 14}

240 Putative DNA binding protein

3.25 Function unknown

255 Function unknown

115 Function unknown

0.45 Overexpressed in some epithelial tumorg[12]

0.42 binds to keratin 8 to provide resistance to
Fas-mediated apoptosis[13]

0.40 Microtubule component

0.47 Activator of signal transduction pathways

0.28 ADP/ATP translocase[14]

0.34 Essential for TGF-f3 signalling[15]

0.46 Related to cell differentiation; increasing
expression enhances metastasi [ 16]

0.29 Cell growth regulator[17]

0.27 Function unknown

0.37 Function unknown

0.40 Function unknown

duced ribonucl eotide reductase small subunit 2 homolog,
and regulator of G protein signalling 1) were directly or
indirectly related to tumor suppression, and their enhanced
expression favored this suppression. Among those genes
that were down-regulated, the first gene (PDZ domain-
containing protein 1) is reported to be overexpressed in
some epithelial tumorg[12]; therefore, its reduced ex-
pression may contribute to the tumor suppression. The
functions of other down-regulated genes include resis-
tanceto apoptosis (keratin 18), activation of signa trans-
duction (ADP-ribosylation factor 6-like interacting
protein), and activation of cell motility (thymosin 34) etc;
clearly, their down-regulated expression are unfavorable
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for tumor growth and metastasis. Therefore, the changes
in the expression of above genes, induced by the transfected
NF-IL6 3'UTR, all favored to the reversion of cellular
phenotype. No oncogene, that was detectably up- or
down-regulated, was found by the cDNA array analysis.

We have also performed analysis on expressed pro-
teins of these cell lines by using 2D electrophoresis (will
be published elsewhere). The majority of results of 2D
electrophoresis were different with cDNA array results.
For example, maspin[18] and annexin 111[19] werefound
up-regulated in 2D analysis. Besides technical reasons,
this difference may suggest that the expression of agene
from transcription to final protein product is more com-
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plicated than that anticipated by our present knowledge.

Possible mechanism(s) of NF-IL6 3' UTR tumor
suppression

It might be thought that some oncogenes were inac-
tivated by the insertion of transfected plasmids, leading
to tumor suppression. However, this does not seem to
be the case, because no oncogene was found differen-
tially and significantly expressed.

The activation of dsRNA-dependent protein kinase
(PKR) by 3UTR RNA[22] was used to explain the
tumor suppressor effect of o-tropomyosin; however,
thisexplanation is not satisfactory enough, because, first,
some 3'UTRs of mMRNA, likethe3'UTR of NF-IL6, do
not have stable double stranded structure; second, as
the activation of PKR leads to general suppression of
protein synthesis, the up-regulation of protein expres-
sion (like the maspin and annexin 111 in our case) is hard
to be explained.

To sum up, we are inclined to believe that the trans-
fection of NF-1L6 3'UTR cDNA might possibly play
some regulatory role for the expression of a group of
genes, either in up- or down-regulated ways. It is well
known that the 3'UTRs are sites for interactions with
trans-acting factors, and these interactions, as awhole,
may be responsible for the maintenance of normal cell
life. Therefore, the exogenous 3'UTR might also act as
aregulator of gene expression. If such supposition is
correct, its molecular mechanism of tumor suppression
should befound intheanalysis of itsregulatory functions.

ACKNOWLEDGEMENTS

Wethank Feng LIU and Jin Mei ZHANG for routine
keeping of nude mice, Ying Zi GE for part of routine cell
culture, and Gen Jun XU for encouragements. Thiswork
was supported by the National Natural Science Founda-
tion of Chinagrant (No. 39970172), and by the Creation
Foundation from Shanghai Intsitutes for Biological
Sciences.

REFERENCES

1 LiuDG, NodaM, Wang D, Chen ZZ, Li ZP, IkawaY. A cDNA
clonewith antioncogene activity. Sci China(Ser B)1991; 7:730-
7 [in Chineseg]; Sci.China (Ser B) 1992; 35:822-33 [in English].

2 LiuDG, Li ZP AkiraS, Kishimoto T. Overexpression of a
reversion-related protein in the revertant RR cells. Sci China (Ser
B) 1995; 35:372-8 [in Chinese]; Sci China(Ser C) 1996; 39:300-
09 (in English).

10

11

12

13

14

15

16

17

18

19

Malumbress M, Perez de Castro |, Santos J, Fernandez Piqueras
J, Pellicer A. Hypermethylation of the cell cycle inhibitor
pl4INK4b 3 untrand ated region interferes with its transcription
regulation in primary lymphomas. Oncogene 1999; 18:385-96.
Rastingjad F, Conboy MJ, Rando TA, Blau HM. Tumor sup-
pression by RNA from the 3’ untranslated region of alpha-
tropomyosin. Cell 1993; 75:1107-17.

Jupe ER, Liu XT, Kiehlbauch JL, McClung JK, Dell’ Orco, RT.
The 3'untranslated region of prohibitin and cellular
immortalization. Exp Cell Res 1996; 224:128-35.

AmaraFM, Smith GM, Kuschak TI, Takeuchi TL, Wright JA.
A cistransinteraction at the 3' untrand ated region of ribonucle-
otide reductase mRNA isregulated by TGF-beta 1, TGF-beta 2
and TGF beta 3, Biochem Biophys Res Commun 1996; 228:
347-51.

Dong RC, Zhou RH, Lu FD, Tao WZ. Establishment of
SMMC7721, ahuman hepatocarcinomacell line, and observa-
tions on its biological characteristics. Journal of 2nd Military
Medical University (Shanghai), 1980; 1:5-9 [in Chinese].

Xu XR, Huang J, Xu ZG, Qian BZ, Zhu ZD, Yan Q, Cai T,
Zhang X, Xiao HS, Qu J, Liu F, Huang QH, Cheng ZH,Li NG,
Du JJ, HUW, ShenKT, LuG, FuG, Zhong M, XuSH , GuWY,
Huang WT, Zhao XT, Hu GL, Gu JR, Chen Z, Han ZG. Insight
into hepatocellular carcinogenesis at transcriptome level by com-
paring gene expression profiles of hepatocellular carcinomawith
those of corresponding noncancerous liver. Proc Natl Acad Sci
USA 2001, 8:15089-94.

Tanaka H, Arakawa H, Yamaguchi T, Shiraishi K, Fukuda S,
Matsui K, Takei Y, NakamuraY. A ribonucleotide reductase
gene involved in ap53-dependent cell-cycle checkpoint for DNA
damage. Nature 2000; 404:42-9.

Druey KM, Blumer KJ, Kang VH, Kehr JH. Inhibition of G-
protein- mediated MAP kinase activation by anew mammalian
genefamily. Nature 1996; 404:742-6.

Hedvat CV, Irving SG. The isolation and characterization of
MINOR, anovel mitogen-inducible nuclear orphan receptor. Mol
Endocrinol 1995; 9:1692-70.

Kocher O, ComellaN, Tognazzi K, Brown LF. Identification and
partial characterization of PDZK1: a novel protein containing
PDZ interaction domains. Lab Invest 1998; 78:117-25.

Sorom AJ, Nyberg SL, Gores GJ. Keratin, fas, and cryptogenic
liver failure. Liver Transpl 2002; 8:1195-97.

Houldsworth J, Attardi G. Two distinct genes for ADP/ATP
translocase are expressed at the mRNA level in adult human
liver. Proc Natl Acad Sci USA 1988; 85:377-81.

Tang Y, Katuri V, Dillner A, Mishra B, Deng CX, MishraL.
Disruption of transforming growth factor-f3 signaling in ELF 3-
spectrin-deficient mice. Science 2003; 299:574-7.

Huff T, Muller CS, Otto AM, Netzker R, Hannappel E. beta-
Thymosins, small acidic peptides with multiple functions, Int.
J. Biochem. Cell Biol 2001; 3:205-20.

Argraves WS, Suzuki S, Arai H, Thompson K, Pierschbacher
MD, Ruodahti E. Amino acid sequence of the human fibronectin
receptor. J Cell Biol 1987; 105:1183-90.

Maass N, Hojo T, Zhang M, Sager R, Jonat W, Nagasaki K.
Maspin-a novel protease inhibitor with tumor-suppressing
activity in breast cancer. ActaOncol 2001; 39:931-4.

Niimi S, Oshizawa T, Yamaguchi T, HarashimaM, Seki T, Ariga
T, Kawanishi T, HayakawaT. Specific expression of annexin

53



3'UTR may regulate expression profile http://www.cell-research.com

Il in rat-small-hepatocytes, Biochem. Biophys. Res Commun 22 Davis S, Watson JC. Invitro activation of the interferon-induced,

2003; 300:770-4. double-stranded RNA-dependent protein kinase PKR by RNA
20 Frosch BA, Berquin|, Emmert-Buck MR, MoinK, Sloane BF. from the 3' untranglated regions of human alpha-tropomyosin.

Molecular regulation, membrane association and secretion of tumor Proc Natl Acad Sci USA1996; 93:508-13.

cathepsin B. APMIS 1999; 107:28-37. 23 Denecke B, Meyerdierks A, Bottger EC. RGSL is expressed in
21 Strack S, Kini S, Ebner FF, Wadzinski BE, Colbran RJ. Differ- monocytes and acts as a GTPase-activating protein for G-pro-

ential cellular and subcellular localization of protein phosphatase tein-coupled chemoattractant receptors. JBiol Chem 1999; 274:

lisoformsin brain. JComp Neurol 1999; 413:373-84. 26860-8.

514




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


