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Background: Brain tumors claimed the lives of 13,300 people in 1995.
Our objective was to isolate and characterize unique tumor-suppressor
genes from human brain tumors derived from patients in the United States.
Methods: Differential display-polymerase chain reaction was used to iso-
late tumor suppressor genes.

Results: Clone C4-2 was isolated and is expressed in normal adult human
brain, but not in brain tissue from glioblastoma multiforme tumors. C4-2
has 66% homology to the previously isolated ARPP-16 (CAMP-regulated
phosphoprotein of Mr= 16,000) based on limited sequencing. C4-2 is
expressed at high levels in normal brain and is not expressed or expressed
at low levels in several brain tumor cell lines. Expression of C4-2 was also
either not expressed or expressed at low levels in meningioma, B-cell
lymphoma, recurrent glioma, LNCAP (prostate tumor cell line), breast
tumor, or prostate tumor tissue.

Conclusion: We conclude that C4-2 may function as a potential tumor-
suppressor gene. J. Surg. Oncol. 64:102—108 1997 wiley-Liss, Inc.

Key Worps: brain neoplasms; differential display-polymerase chain reaction;
polymerase chain reaction; phosphoproteins

INTRODUCTION trocytomas, and meningiomas are the most commol
brain tumors that affect adults. Glioblastoma multiforme
Brain tumors claimed the lives of 13,300 people in thgre high grade astrocytomas that grow very rapidly anc
United States in 1995 [1]. The number of deaths causedntain malignant cells [2]. The molecular basis for the
by such tumors is increasing each year in the Unitegenesis of glioblastoma multiforme may involve system-
States, with more than 17,900 deaths estimated in 198 events at the chromosomal or gene expression leve
from the same cause. The increased incidence of brain
tumors is not only evident in the young, but also in adults
[1]. It has been documepted that a S|gn|f|cant mcrease,‘dgorrespondence to: Pacific Northwest Cancer Foundation, 12C
mortality has occurred in adult primary malignant braiRorthgate Plaza, Room 230, Seattle, WA 98125.
tumors between 1982 and 1996 [1]. Glioblastomas, a&s:cepted 27 November 1996

© 1997 Wiley-Liss, Inc.



Unigue Tumor Suppressor Genes in Brain Cancers 103

These events may include inactivation of tumorbiego, CA). All the cell lines were cultured under the
suppressor genes, activation of oncogenes, or specdanditions recommended by ATCC or Clonetics.
translocations at the chromosomal level. Genetic changes . , . , ,
at the chromosomal and gene expression levels are welPifferential Display-Polymerase Chain Reaction
documented for other brain tumors [3]. We isolated and cloned differentially expressed gene:
Tumor-suppressor genes play an important role in ndrom NBT and GMT using a protocol described previ-
mal cell growth, differentiation, and progression througbusly [11]. NBT and GMT were obtained from the same
the cell cycle [3]. Mutations that cause change in thegions of the brain. Total RNA was isolated using the
expression of tumor-suppressor genes may lead to d8IITC/CsCl protocol described previously by Sham-
transformation in vitro and tumor development in vivdrook et al. [12]. Fivawg of total RNA was treated with
[3]. It has been documented that loss of tumor-suppres$amase | (Amersham, Arlington Heights, IL) (2uul) for
genes at chromosome 10, mutations in p53, or overe86 minutes at 37°C. RNA was then extracted and pre
pression of epidermal growth factor receptor may be meipitated usig 3 M sodium acetate. First-strand cDNA
jor events leading to glioblastoma multiforme [3-5]. Thaynthesis was carried out using the advantafjstiand
exact series of events involving tumor-suppressor gere3NA synthesis kit from Clontech (San Diego, CA) us-
that leads to initiation and progression of glioblastomiag BT3-2 primer (5T(T)18NG3). Approximately 125
are not presently known. We sought to isolate potentiagy of 15t strand cDNA synthesis product was used for
tumor-suppressor genes that are overexpressed in noroatying out the PCR reactions. The DD-PCR reaction
brain tissue (NBT) as compared to glioblastoma multivas carried out usingy(P*?) end labelled BT3-2 primer
forme tissue (GMT) tumors using the technique of diand BT8 (SNTACTGATCCATGACAZ3'), BT10
ferential display-polymerase chain reaction (DD-PCRH' NGCTGCTCTCATACT3) or BT 12 (BNTGATC-
[6]. These genes might then serve as potential candidal@dsSAGGCACATAS3') primers using cDNA from NBT or
for brain tumor therapy. GMT tissue in duplicate using the conditions describec
DD-PCR is a modified PCR technique first developegreviously [11]. PCR products were then electrophorese
in 1992 [6]. This technique is more sensitive and repron a 6% sequencing gel. The bands that showed differ
ducible than previously documented techniques of diéntial expression were cut out and DNA was eluted. PCF
ferential hybridization and subtractive library construonvas then carried out as described for DD-PCR using
tion [6]. In the past, PCR has been utilized to isolateppropriate primers. The PCR product was then clone
differentially expressed genes in a number of differeimito the PCRII vector from Invitrogen (San Diego, CA).
applications [7-9]. Recently, DD-PCR has been used eResitive clones were screened by PCR and sequenct
tensively to isolate genes that are differentially expressading the Sequenase version 2.0 sequencing kit fror
in several different kinds of tumors [8,9]. The DD-PCRAmersham/U.S. Biochemicals.
technigue has been modified and improved recently to . .
increase its specificity and efficiency [10,11]. Using the G€ne Specific Reverse Transcription-Polymerase
technique of DD-PCR on NBT and GBT tissue, we have Chain Reaction (RT-PCR)
isolated a number of genes that are overexpressed eithefo confirm the differential expression of C4-2, we
in NBT or in GMT. We herein report our results withused the RT-PCR technique described recently [13]. Ir
respect to C4-2, which is expressed in NBT but not brabrief, 5 wg of total RNA was treated with DNase | and

tumor tissue. first-strand synthesis was carried out using the same cor
ditions as described previously. First-strand cDNA was
MATERIALS AND METHODS used as template to carry out PCR using primers BT-6!

Human Tissues and Cell Lines (5'TGATCCATGACATTCAGTGS’) and BT-64

(5'GGAATGCAGAGTATTGAAGSY) for C4-2, BT41

Brain and nonbrain tumors and normal tissues we(6' CTCAGTGTTAACGGATAAT3') and BT42
procured from the tissue bank maintained by Pacifi&’ TGTTGAGAAGAGTACATCTTZ) for D2-2. For
Northwest Cancer Foundation, Northwest Hospital (Seemparison, a housekeeping gene D1-2, which is ex
attle, WA) and from the Mayo Clinic (Rochester, MN) pressed in both NBT and GMT, was used as an interne
Brain tumor cell lines CCF-STTG1 (astrocytoma gradeontrol. PCR for D1-2 was carried out using BT-59
IV), SW 1783 (astrocytoma grade lIll), IMR-32 (neuro{5' CGGAGCAATATGAAATGATCT3’) and BT-60
blastoma), D283 Med (medulloblastoma), Hs 68&'GCAAATACAGCTCCTATTG3). RT-PCR was
(glioma), PFSK-1 (primitive neuroectodermal tumor)performed using Gene Amp PCR kit from Perkin Elmer
and DBTRG-05MG (glioblastoma multiforme) cell linegBranchburg, NJ) under the following conditionspfof
were purchased from ATCC (American Type CulturdNTP mix, 2l (100 ngful) each of D1-2 or D2-2 spe-
Collection, Rockville, MD). Fetal normal human astroeific primers, 4ul of 25 mM MgCl,, 125 ng of cDNA
cytes (FNHA) were purchased from Clonetics (Satemplate, and 5 units of Amplitag (Perkin Elmer) DNA
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polymerase. PCR conditions were performed as follows: A B
94°C, 50°C, and 72°C for 1 minute each for 35 cycles.
PCR product was then run on a 2% agarose gel. DNA ,
was transferred on to MSI magnacharge membrane using - -
the standard Southern Blotting conditions as described : TNTHN
by Shambrook et al. [12]. The membrane was prehybrid- ' -
ized for 12 hours in a prehybridization buffer [12]. Hy- ©42—~ .m',' H 5T
bridization was at 42°C using C4-2, D1-2, or D2-2 spe- ' - ".
cific probes. C4-2, D2-2, and D1-2 specific probes were : & P - !.‘.
prepared by multiprime labelling (Amersham Mega- Bugu® & - o
prime Labelling Kit). (BTTGTGCAAATACGATAT- S Boainss 5
GTTGCCTTAGGCATATCTTTTGT3), D2-2 BT12 B0 BT
(5 CCAAACTGGACATCAAGGAATTGCTACA- o , , _
CAGAAGAACCACCATCCAGGATAGAAS') or D1-2 Fi% 1. dentfcaton ofdiferendaly expressed genes fom gioblas.
(5’TAGGCCTGACTGGCATT_GTATTAG CAAA' tial display-polymerase chain reaction (DD-PCR) showing that the
CTCATCACTAGAZ) specific primers. These primersgene C4-2 is expressed in normal adult brain tissue but not in glio-
are internal to the primers used for PCR, and they do r&?toma multiforme tissueh is an autoradiogram of DD-PCR using
. ] e 5 specific primers as indicated at the bottom of the panel. Note
carry any of the primer sequences used in the PClne C4-2 expression (arrow) in the normal (N) lane but not in the
Primer sequences were checked for homologous s@wor (T) lane.B shows details of the C4-2 region from A.
guences using the DNA BLAST program of the National
gg&tﬁé dg)rMBDK))tsr(i:grnt?)I%%}é Igffémigggng?hl?si(g'\rll!\? ager. Volume quantitation calculates the volume unde
Southern blot was carried out using ImageQuaNT ™ p?ﬂ?}((é surface created by a 3-D plot of pixel Iocqtlons and
. el values. We guantitated the volume (the integratec
gL"’(‘)T I?mzztaheerl\ﬂ(':'lr?iZUIar:)t%ir(l)?TvIg: g?:;?;\:e?jlet’ocﬁai?i? htensity of all the pixels in the spot excluding the back-
P ager. p ) 110 q ound) of C4-2 bands in Northern or Southern blots.
expression of C4-2, D2-2 or D1-2 in brain tumor celirhege pixel values were then normalized with pixel val-
lines, FNHA and tumor tissues. ues in the bands of housekeeping genes (Dg-actin)
Cloning and Sequencing of C4-2 and are referred to as relative expression in the figures
DD-PCR product for clone C4-2 was 250 bases longN€ subjective terms of low, medium, and high relative
It was cloned into the PCRII vector from InvitrogenEXPression are based on C4-2 expression in normal bra
Clone C4-2 was sequenced using Sequenase 2.0 kit fr8fnigh, or, in brain tumor tissue, as low.
Amersham. Using the 250 bp fragment, we screened al "€ D1-2 gene was found to be consistently expresse
human brain library and isolated a 2.0Kb insert. Thi§ @ wide variety of nonneoplastic and neoplastic tissue
clone was partially sequenced to confirm its identity. &nd cell lines (Figs. 2, 4, 5). Thus D1-2 served as ar
sequence search for the CD-4 clone was carried out usiAmal control for gel loading.
the BLAST database of the NCBI (NIH).

_ RESULTS
Northern Blot Analysis Isolation of Clone C4-2 Using Technique of
To investigate the expression of C4-2 in brain and Modified DD-PCR

normal tissues, we used Multiple Tissue Blots (MTB) . ) )

from Clontech. These blots hava.2) of pure polyA pure ~ We used the modified technique of DD-PCR to isolate
mRNA blotted onto them. MTBs were prehybridized ifgenes that are differentially expressed either in NBT ol
expresshybridization solution (Clonetech, Palo Alto, CAJMT. Using one 3 primer and three Sprimers, we
for 3—4 hours. Hybridization was done with multiprimg?€rformed the technique of DD-PCR on GMT and NBT
labelled 2.0 Kb C4-2 probe. After autoradiographic exfig- 1). We isolated 18 bands that showed differential
posure, the C4-2 probe was washed from the blot aRgPression either in GMT or NBT. Fourteen of these
then hybridized with humag actin probe. Quantitation Pands were expressed at higher levels in GMT and fou
of expression of D2-2 an actin was done by Image-in NBT. All of these bands were isolated, DNA eluted,

QuaNT™ program of the Molecular Dynamics Phosphdgamplified, and cloned into the PCR Il vector. Sequence

Imager. analysis of these clones indicates that the majority o
o these genes had no homology to known sequences in t
Quantitation of Northern and Southern Blots NCBI database (NIH). In this report we describe the

Quantitation of Northern and Southern blots was petharacterization of clone C4-2, which appears to be
formed using the ImageQuaNT™ volume quantitatioonique because it shows a higher expression in NBT tha
program from the Molecular Dynamics Phosphor Imin GMT (Fig. 1A,B). In the past, Northern Blot analysis
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2 strong homology to ARPP-16 (Fig. 3). Northern blot
g%.:% analysis of C4-2 on brain tissue showed that there wer
o =5 two natural transcripts of 1.6 and 6.0Kb. ARPP-16 is a
g 3 EE phosphoprotein that is expressed in cells with increase
§§ o CAMP levels (14,15). ARPP-16 has a homology to an-

other protein of a different molecular weight and is re-
ferred to as ARPP-19 [14,15]. Expression of ARPP-16
caz— and 19 involves a combination of alternative promoters
and splicing rather than the conventional differential
splicing of an identical primary transcript. Both of these

we e proteins are expressed in brain and are enriched in th
1 basal ganglia [14,15]. The exact function of these pro-
p— - teins is not known, but they are thought to mediate the

action of neurotransmitters or hormones that raise CAMF
levels in cells [14,15]. Using a 250 bp C4-2 fragment as
a probe, we screened a human brain library (Stratagen
La Jolla, CA) and isolated a clone with a 2.0 Kb insert.
Sequence analysis showed that this clone may partiall
correspond to the 6.0 Kb natural transcript.

RELATIVE EXPRESSION
r e @

. L . ) _ Expression of C4-2 in Tumor Tissues
Fig. 2. Clone C4-2 is differentially expressed at high levels in normal

brain, but not in glioblastoma or meningioma primary brain tumor Sjnce C4-2 was overexpressed in NBT, of which three
tissue or B-cell lymphoma. Shown is an autoradiogram of a revers ’ .
transcription-polymerase chain reaction (RT-PCR) for C4-2 (uppﬁere analyzed, as compared to the three GMT which we

panel), D2-2 (middle panel), which is a gene overexpressed in glianalyzed, we were interested in studying its expression i
b'%Stom?‘ [tlﬁ]% tE_)l'Z (a(rousekeepl')ng %e_“e) is dequa"Y_e;(PVESISEd {6?1er tumor tissues. As shown in Figure 4, C4-2 was
wide variety of tissues (lower panel) and is used as an internal contr C S

for gel loading. The bar graph represents the relative expression%o?fpressed at very low levels 'r‘ gl'OblaStom"_"’ meninglo-
C4-2 in these tissues after correction for gel loading based on DIA2as, colon cancer metastatic to the brain, recurrer
expression. glioma, B-cell lymphoma, breast tumors, prostate tu-

mors, and a prostate tumor cell line (LNCAP). Clone

and in situ hybridization were used to confirm differenD2-2 was used as a control overexpressed gene fror
tial expression of genes isolated by DD-PCR. Because®in tumors to illustrate the integrity of the experiments
limited brain tissue availability, we used the technique d#6]. This experiment confirmed that low expression of
RT-PCR to confirm the expression of DD-PCR clone$:4-2 was not only confined to brain tumor tissues but
This technique was used recently to demonstrate diffé{so to other tumor types.

ential expression of genes isolated by DD-PCR [13]. We . . . .

modified this technique and made it more specific thafPXPression of C4-2 in Brain Tumor Cell Lines and
previously documented. Using this gene-specific RT-  Fétal Normal Human Astrocytes (FNHA)

PCR technique, we demonstrated that C4-2 is expresse@ve investigated the expression of C4-2 in cell lines
50 times higher in NBT than in GMT (Fig. 2). D2-2, aderived from different human brain tumors and FNHA.
gene not expressed in NBT but overexpressed in GMAs shown in Figure 5, C4-2 is expressed at very low

was not detected in a B-cell lymphoma, or meningiomavels in cell lines derived from glioblastoma, grade IV
tumor samples. This result demonstrated that C4-2 is

differentially expressed in NBT a_nd GMT. As a contrc_)l,m@~16 T ——————
we demonstrate that the expression of a tumor-associatéd GIACTG-ATC CRIGAGRINC AGIGGCCEIG MGCARATACG ATANGIIGCC
gene (D2-2) is high in GMT compared to NBT (Fig. 2) = A DA roGecnonac CITTARGER ATEBBICG
[16]. D1-2, a control gene that was isolated from a simi- N . y o
) i ARPP16 BEAATTACTG FTCATATAGT  TTATA ARG TETTTTARTG -
lar batch of DD-PCR, is expressed consistently at the- BRAGTTGCRA  TECATGTART TITREARATA
same levels in normal and tumor samples. pEFE-16 PEMONIGC (GATGAATT | TASGGERGAC acagifgrcce
Sequence Analysis of Clone C4-2 Pt AT GATICOUGAA AARMARAAM ARNRA

Clone C4-2 isolated by DD-PCR, was 250 base paif@. 3. Sequence homology of clone C4-2 with ARPP-16. The se-

i i i indi uence of clone C4-2 was matched with ARPP-16 using the DNA
in length and had a long polyA tail. This indicates th%LAST database of the National Center for Biotechnology Informa-

the C4-2 sequence is at thé Qnd O_f the gene. C_lonetion. The shaded boxes represent areas of strong homology. C4-2 h:
C4-2 sequence homology analysis indicated that it hach &6.8% identity to ARPP-16, a cyclic AMP regulated phosphoprotein.
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Fig. 4. C4-2is not expressed or minimally expressed in a variety of <
tumor tissues compared to another gene, D2-2, which is overexpressed e

in tumor tissue. Total RNA was isolated from several normal and

tumor tissues. Reverse transcription-polymerase chain reaction (RT- . . . .
PCR) for C4-2, D2-2, and D1-2 was performed as described in deta(@: 2:  C4-2 is expressed in normal adult brain but only to a minimal
in Materials and Methods. The upper panel shows the suppressiorf&‘em in adult brain tumor cell lines and in normal fetal human as-
C4-2 in tumor tissues, the middle panel shows the overexpression r&c:ytes. Human brain tumor cell lines (glioblastoma, astrocytoma lll,
D2-2 in tumor tissues, and the lower panel shows D1-2 expression%urfocglfgoamg' grlg)?ci’m gigt‘;‘oh%ﬁ;ﬂrggt’rg‘fl:;gevsg)rgergﬁl‘lntt%rg%';
tumors used as internal control for gel loading. The bar graphs repnee- ) 4 9 ‘

sent the relative expression of C4-2 (left) and D2-2 (right) in the nfluency. Reverse transcription-polymerase chain reaction an
tissues after correction for gel loading based on D1-2 expression. >cdthern blot analysis was performed. Shown is an autoradiogram c
“a Southern blot of C4-2 expression (upper panel), D2-2 expressiol

(middle panel), and D1-2 expression (lower panel), in various brain

; nor cell lines and in normal fetal human astrocytes. The bar grapf
astrocytomas, glloma, neuroeCtOderm_al and_ medunoblégresents the relative expression of D2-2 in the respective cell line
toma tumors, and FNHA. These cell lines did show higtter correction gel loading based on D1-2 expression.
levels of D2-2 expression, a nhovel tumor associated gene
[16]. This experiment demonstrated that C4-2 was ex-

pressed at very low levels in the majority of brain tumor

o]
. = 5 E % g %
cell lines. Eégééggg
Expression of C4-2 in Differer_1t Regions of Normal ﬁ & g % g g E 5
Human Brain : :
To understand the function of C4-2 in brain, it is im- Ci.2 —

portant to investigate its expression in different regions
of the brain. Eight different regions of the normal human
brain were studied for this purpose. As shown in Figure B OACTH —
6, C4-2 was expressed at high levels in the cerebellum,
occipital lobe, temporal lobe, frontal lobe, putamen, and

cerebral cortex. A low level of C4-2 was observed in the

medulla and spinal cord. The reason for such a selective
distribution of expression is not known at present.

Expression of C4-2 in Normal Human Tissue

RELATIVE EXPRESSION

To study the expression of C4-2 in different tissues,
we performed Northern blot analysis using C4-2 as a
p_mbe' As Shown in Figure 7, _C4'2 was expressed at Vﬁf' . 6. C4-2is widely expressed in different regions of normal adult
high levels in the normal brain, at a moderate levels ifain. Shown is an autoradiogram of a Northern blot of C4-2 expres-

the placenta, liver, kidney, and pancreas, and at low lesjen (upper panel) and d§ actin expression (middle panel), which
ves as an internal control for gel loading in different regions of

. . Iy
els in a number of tissues such as h?art' lung, Skeleﬁ%?'mal adult brain. The bar graph is the relative expression of C4-Z
muscle, spleen, thymus, prostate, testis, ovary, small kiter correction for gel loading based @nactin expression.
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£ have a homology to the 6.0 Kb natural transcript. It is not

<8 known at present if the 6.0 Kb or 1.9 Kb transcripts

g encode for a similar size protein. At present it is not
g ggg known if C4-2 is indeed totally identical to ARPP-16.

. %, , B33 Sequence analysis of the C4-2, 2.0 Kb fragment is cur

eel,. GGEESE8zS28 rently being performed to address this question. On th

SRR R basis of our current results, we feel that C4-2 may well
e ouun- K function as a tumor-suppressor gene. ' '

Clone C4-2 has several characteristics consistent wit

a brain tumor-suppressor function. C4-2 is expressed ¢

b ACTIN ~'.-.‘-.W high levels in normal brain and is essentially not detectec
' in GMT or several cell lines derived from other brain

5 A tumor types. C4-2 has low expression, not only in the

NBT tissue from which the gene was identified, but also
in the majority of other brain and nonbrain tumor tissues
and cell lines. Currently, we are performing experiments
to express a fulllength C4-2 gene in brain tumor cell
I a I -Il lines. The _effect of C4-2 qverexpression will be'studie'd
0 e by assessing the change in cellular phenotype includini
Fig. 7. Expression of C4-2 in normal human tissues. Shown is éﬁym'd'”e mcorpo_ratl(_)n and SQﬂ agar quony formation,
autoradiogram of a Northern blot of C4-2 expression (upper panedNd tumor formation in athymic nude mice.

and of B actin expression (middle panel), which serves as an internal |n conclusion, C4-2 is a gene expressed in norma

control for gel loading in various normal human tissues. The bar gra| : : : : _
is the relative expression of C4-2 after correction for gel loading basgﬁam but not in brain tumors. Therefore, a putative tu

on B actin expression. C4-2 expression in normal tissues is highestior-suppression function is suggested and will be furthe
the normal brain, the functional significance of which is not presentiyyvestigated.
known.

[ e -
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