Journal of Surgical Oncology 1997;65:249-257

Cloning, Sequence, and Developmental
Expression Analysis of C4-2, a Potential
Brain Tumor-Suppressor Gene

ANIL SEHGAL, php,*2* SHERIANNE RICKS, 8s,2 CASSIE KEENER, Bs,?

ALTON L. BOYNTON, php,** RONALD F. YOUNG, mp,*3 SANDRA S. VERMEULEN, mp,1-3
KENNETH S. YONEMURA, mp,® ERIK P. KOHLER, mp,*®* HECTOR C. ALDAPE, mp,®
CHARLES R. SIMRELL, mD,® aND GERALD P. MURPHY, mD, Dsct?
1Deke Slayton Center for Brain Cancer Studies, Northwest Hospital, Seattle, Washington
2Pacific Northwest Cancer Foundation, Northwest Hospital, Seattle, Washington
3Northwest Neurosciences Institute, Seattle, Washington
“Molecular Medicine, Northwest Hospital, Seattle, Washington
5Puget Sound Neurosurgery, Seattle, Washington
SDepartment of Pathology, Northwest Hospital, Seattle, Washington

Background: Previously, we reported the isolation of C4-2 as a potential
tumor suppressor gene in human brain tumors. To understand the function
of this gene, we investigated its molecular characterization and expression
during development.

Methods: Human fetal brain library screening antRACE-PCR method

was used to isolate the full-length cDNA. The coding region of C4-2 was
used for in situ hybridization to study its expression during development.
Results: We report here the complete sequence of this gene. Sequence
analysis indicated that C4-2 has a 94% sequence identity to a family of
cAMP-regulated phosphoproteins (ARPP-16/19) in the coding region.
C4-2 has a 3.1 Kb long’8TR with variable identity to ARPP-16 and
ARPP-19. Northern blot analysis indicated that C4-2 is expressed at high
levels in normal brain compared to other tissues. Zoo blot analysis dem-
onstrated that the coding region of C4-2 is highly conserved among dif-
ferent animals. In situ hybridization using C4-2 coding region demon-
strated that it follows a unigue expression pattern during mouse brain
development. High level of C4-2 expression was also observed in the
spinal cord and somites of the developing embryo.

Conclusion: Expression analysis during brain development strongly sug-
gests that this family of proteins may play an important role not only in
normal functioning of the brain, but also during brain development.
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During 1996, brain tumors were the cause of death tforrespondence to: Anil Sehgal, Ph.D., Pacific Northwest Cancer
; ; ndation, 120 Northgate Plaza, Room 230, Seattle, WA 98125,
several thousand people in the United States [1], and I'E%‘A; Telephone (206) 368-3065: Fax: (206) 368-3009:

number is increasing. Brain tumors affect young childrgf m . ASEHGAL@NWHSEA.ORG
as well as adults [1]. Glioblastoma multiforme (GM) isaccepted 2 June 1997
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among the most malignant of brain tumors [2]. Despit8everal positive clones were isolated and insert size de-
extensive progress in research and current treatmetgisnined. One of the positive clones had a 2.4 Kb insert
available, the average life span after being diagnosadd was selected for characterization. This clone was
with GM is [1-2 years. Thus it is important to develogompletely sequenced by Sequetech (Mountain View,
techniques by which brain tumors can be diagnosed at@A). On the basis of sequence identity analysis (BLAST
early stage for effective treatment. To do so, it is impoprogram of the National Center for Biotechnology Infor-
tant to understand the cellular and molecular events thmation (NCBI), NIH, Bethesda, MD) of this clone, we
take place during brain tumor initiation and progressiohave made a’3primer (8agtgaattcaacagttaatgcacddg3

The series of events that transform normal cells intbat was close to the'®nd of this 2.4 Kb insert. Using
tumor cells are not precisely known. It has been suthis primer of the C4-2 clone, we performed &®BCE-
gested that either loss of tumor suppressor genes, oMeER (rapid amplification of complementary DNA end-
expression of oncogenes, or a combination of both maglymerase chain reaction) protocol using tHRACE
be involved in cell transformation [3]. The effect of eikit from Gibco/BRL (Baltimore, MD). We also designed
ther tumor suppressor genes or oncogenes is evidenaab primer (5gcagacaagcttatggaagataaagtgactagt-
the chromosomal level or at the gene expression levelcttagagd against the translational initiation site of the
has been demonstrated that events such as loss or mptaviously published bovine ARPP-16 sequence [14].
tions of tumor suppressor gengssB, pl5, pl6, RB-1, The first round of PCR was done using the primers men-
DCC), or overexpression of oncogenesdt, EGFR, tioned above. For a second round nested PCR, we used a
CDK4, myc, SASmay play an important role in theC4-2 primer (5gcaaaactactgtatttacaaaaaatggQatdat
initiation and progression of brain tumors [4—6]. Despiteas upstream of the primer used in the first round. A 0.9
tremendous progress, the exact series of events that l&dproduct was isolated as a result of tH&RBCE-PCR
to initiation and progression of malignant brain tumorsmethod and was then cloned into the pCRII vector from
are not known at present. Thus, isolation of new candivitrogen (Carslbad, CA).
date genes and defining their role in the complex path- i
ways of brain tumorigenesis would be very useful in Northern Blot Analysis
developing protocols for early brain tumor detection and To study the expression of the C4-2 (3.32 Kb) tran-
perhaps therapy. script in human tissues, a multiple tissue Northern blot

Differential display-polymerase chain reaction (DDmembrane containing j2g of polyA+ pure RNA in each
PCR) is a modified PCR technique first developed ilane was purchased from Clonetech (Palo Alto, CA). The
1992 and recently modified and improved to increase4 Kb fragment for C4-2 isolated from the library was
PCR specificity and efficiency [7,8]. DD-PCR has beensed as a probe for hybridization using the method rec-
utilized to isolate differentially expressed genes in ammended by Clonetech. After using C4-2 probe, the
number of different applications and in several differemhembrane was treated with 0.1% SDS (sodium dodecyl!
kinds of tumors [7,9-12]. sulfate) solution at 94°C for 30 minutes. Hum@ractin

We have reported previously the isolation of a poterfa housekeeping gene) cDNA fragment, provided by
tial tumor suppressor gene, C4-2, using the technique©lonetech, was then used as a probe to hybridize the
DD-PCR [13]. C4-2 is expressed in normal brain tissumembrane. Quantitation of Northern blot was performed
(NBT) at high levels as compared to GMT. Low levels ofising the ImageQuaNT™ volume quantitation program
C4-2 expression were observed in a wide variety of tfrom the Molecular Dynamics Phosphor Imager (Sun-
mor types studied. Using the technique DD-PCR, weyvale, CA), which calculates the volume under the sur-
were able to clone only 250 bases of C4-2. Sequenfeee created by a 3D plot of pixel locations and pixel
identity analysis indicated that C4-2 had a 66% sequenealues. We quantitated the volume (the integrated inten-
identity to a family of cCAMP regulated phosphoproteinssity in all the pixels in the spot excluding the back-
ARPP-16/19 [14,15]. We report here the cloning, seround) of C4-2 bands in Northern blot. These pixel
quence, and expression analysis of a unique transcwpiues were then normalized with pixel values in the
(C4-2, 3.32 Kb) for the ARPP-16/19 family of proteinsbands of a housekeeping gepi@ctin and are referred to

as relative expression in Figure 3.
MATERIALS AND METHODS
Library Screening Zoo Blot Analysis

A normal human fetal brain library was purchased A zoo blot membrane containingbg of predigested
from Stratagene (San Diego, CA). A previously isolategenomic DNA was purchased from Clonetech. The zoo
250 base pair (bp) fragment for C4-2 was labelled usirdgot was prehybridized according to the method recom-
the mega prime labelling kit from Amersham (Arlingtormended by Clonetech. First, the coding region of C4-2
Heights, IL), ad 1 x 1¢ independent clones werewas analyzed. The coding region of C4-2 was PCR am-
screened using the protocol recommended by Stratagepiéied using gene specific primers '(fcagacaagcttatg-
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gaagataaagtgactagtccagag ahd 3 cgtctatctagatcage- for 18 hours under the conditions recommended by
cagccagtttgctagcaacaagadga 3 Clonetech. After exposing the membrane to the autora-
The identity of the PCR product was confirmed usindiogram, the probe was removed by incubating the mem-
sequencing and Southern blot analysis. The PCR amdiane in 0.1% SDS at 90°C for 30 minutes. To analyze if
fied fragment was then labelled with dA¥#(3,000 Ci/ the 3UTR (un-translated region) of the C4-2 is con-
mmole) using the megaprime labelling kit from Amerserved, the last 500 bases of the C4-2 were amplified
sham. The C4-2 coding region probe was then hybridizeding C4-2 specific primers (Baagctcgaaattaaaccctcac-

A -
»
1 ATG GAA GAT AAA GTG ACT AGT CCA GAG AAA GCA GAA GAA GCA AAA TTA AAA GCA 54
M E D K v T S P E K A E E A K L K A
55 AGA TAT CCT CAT CTG GGR CAA AAG CCT GGA GGT TCA AAT TTC TTA AGG AAA CGG 109
R Y P H L G Q K P G G S N F L R K R
110 TTG CAG ARA GGG CAA AAA TAT TTT GAT TCT GGG GAT TAC AAC ATG GCT AAA GCA 164
L Q K G Q K Y F D S G D Y N M A K A
165 AAA ATG AAG AAC AAG CAA CTT CCT ACT GCA GCT CCG GAT AAG ACG GAG GTC ACT 219
K M K N K Q L P T A A P D K T E v T
220 GGT GAC CAC ATT CCC ACT CCG CAA GAC CTT CCT CAA CTG AAG CCG TCC CTT GTT 274
G D H I P T P Q D L P Q R K P S L \Y%
275 GCT AGC AAG CTG GCT GGC TGA TTAAGAGGCTGAACTGCATGAATCTGCTAAATCTCATTATTTC 339
A S K L A G
340 TCCTTAATATGTTACTTATCTACTTTTTATTTCCTTTCATTCACTAGTCATTTGAGACTGACAGCTTTGCA
GGTAGCAGTAGTGTGTGCTGCTATTGTGGAATATACGTGTGTAGAGTTTTTGATTAGT TTAACAGTGCACT
GGTGAAGAGGACATGTTAGAGCAACATAAGTAAACTACTTGAAAATAGTTGTATATATTACCTAACTTCTA
GTGTAGTACTGGTTCTAACAAGTAACAAGCAAGTTTTARAATTTTAATGTTTTGGCTTTCATTACTTCATC
TTAATTATAGCTTTGTATGTTACTCTTATTTAATATAATCTCTATTGTATTGATTTCTTCTGTATTTACCT
TTTGGATTTTGCAAAACAGAAGTTTAAGACCACAAGTTAGARAGARAGGTCACATATTTCARACACAACTAG
ATGGGGCTCTGAAAGATTTGTATCTCTGTGCTTGAACTTAAATGGCCTTAAACCTGTTTCAGCTTTAACAG
TAGAATTTTACTTGGGCAARTATTTGCCCATTCTGGTGTAACTTATGTGACTCTAGTGCTTAACAGCTGCCG
TTGAAGCTAATATTCAGTTCTGTAGAGTTAGAATACCTTTTGTTGTTGAAGATGTGAATGAAGTATGCA]%_
TGCATTAACTGTTGAATTCACTTTTGTGCCATTTTTGTAAARTACAGTAGTTTTGCACAACCTCTCACAAA
GTCTGTATTAATTTCACATACTTAAAAAGTAGATAATGTGCCAACCAGAAGCACAAGAGTTCCTACACAAA
ACTCTGTAAATCATTATAGCTTTTGTATAATAAGAGTAGTTTACAATCTCGGGCTTATAGAATACCAAACT
GARATCTTAGTTCAATCTGCCATAGACTTAAGCTTTTCATTTGTTACTAATATCCATGACATTCAGTGGCC
TTGTGCAAATACGATATGTTGCTTAGGCATATCTTTTGTCCTATGCAGAACCTTTCATTTTGATTTTTATG
AAAGTTGCAATTCATGTAATTTATATAAACTTTTTAAATGTAGAAACTTTTTACTTCCACACTCAGTTTTG
GAGACCCTAGAATAAAAGGCTTCAATACTCTGCATTCCATGCCCTCTGCCACCTGCTTTTTTTTCCCCTTT
GTTCTTTGACTCAAATGGTATTGAGCTGTTTGTTGTATATGGAAGCATAGGTGTCTATATCCTTACTCTTT
TATATAACACAATAATGGCGTTTTCCTTCTAATTTCTCAGTTGTTAACTTCTTTCTCTTTTTTTTTAGGAT
AGGGCCTTGCTCTGTCACCTGAGCTCTAGTGCAGTAGTGCAATCACAGCTCACTGCAACCTTACTCCTAGG
CTCAAGTTAACTATTCTTGATCCTTTATTATTACTAATATTCTACAATTGTTTAAATAAAAGGARCTTTAT
AATGARAACGGTTCGGAATACTGGCTCAAGAACCTATGTCAAGATGAGCTGAATTTTGGTARATTATTTTAG
GRATTATGACAAGCTAATTGAATTAGGCTTGTGACAATTAGAGTAATTTACATGACAGGTAAAACTCCTAT
TAAARATGTTTAGATGTTTGCTTCTGTAGATGTCACTTTAGTAAAATACCAATTTAGTTTTACTTGTGGCT
TATCTAGTTAGAACTTAGCAGACTTTACTGGGACAAGTTTACTGCTCTTGTAGGAGCTCCTCTCACAAGTA
GTTGTAATGCTGTAGCATGATACTCAGGATCAGTAGCTTGAGATGTTACTATTTTTCTCTTCATCTTTGAC
TTGCAGAGAGCCTCCCGTTTTTGGATCCAGGCATCTTTTCTGAATCCTGGTTCCATCAGTTACCTGCTCTC
CTATGACCCCAAATCATAGTCAATGGTGCCTCAAACATAGCACCTTAAGTTAAAGGCTGCCTAGTGCTCTG
AGGAAAGCTTGCTGATTATCTTCCTGATCTACTCACCCCAAAAGGCAGAARAAGCAACACAGTCACTGCTGT
GGTCATTTGTAATGTAAAGATCAGTTATATATATATATTTGTAATGAGAGCAAGTATATACTCATTATAGA
ATCAATTTAAGAAGTTTAAAATAACCCAGAGTAGAATTTCTATATCTAGTCTTGGTTTTTTTCATGAATAT
TTGCAAGTAATTACCATTAAATTCACACATGAAAGATTAATCTGARAGATCAGAGACCATGTTATTCCTGA
CCACGATAGAACTGCTCCTGTGGTTTGGGACBAGTAATARAACAACTGCTTGAGTTTTGTTTGTAARATAC
ATAATTAATATTTGACCTACCTCAAAATGTATTGAGGATCTGTGAAATGCTAAGTGCCCAAAATAARATAT
TGCTGATTGTCTTTTTATTAABAGTAARATTTCCTCATTAAGCCAACCTGCCTTCTGTAAGTCACAGTGCTT
AAATCTCAGGATTTTTCATTAGGAGAGACCTGTCGTTARGGATTTGTAGGTATAATTGCTTAGCCTCCATT
ATTGCTGCTTGGGATAGAGAGGTTTTAGATTTTTGTTTTTTTTTTGTTCTGCCTCAAAGCTCAGTTTATTG
ARGACATTTGTAAGCTATTGGATCATCACTTGAATCAAGATTTTGACTAGTGAGCTTAATTGTCCATTTCT
TACAATTTCAAAGTTACAGTCTCAGAAATGGTTAATTTTAATAACTGTCCTATCATAAATTAATGTTGGAA
TAAATTGAAGTTGTTGATAAATACTTCATGAAAACTAAAGTCTGAAATAAATTACTTGTTTTATGTCCAAT
AGCTACTACATTTGATAGAACAGTTTTGAGGAACATTTCATTCTTGAACGCAGCATCTGACATGGTTCTCA
GCAAGTTGGAATAGTAAGGATTATTGGCTTGTTTCGATGAGTGGAAGCGGCATGTTTGTAGCATACAAGTT
ATTCAATAATCTTGTGCTGATGACCTAAARATATGTCTTAACTATTCATCAAGGAAAARAAARARAAAAR 3321

Fig. 1. Sequence of clone C4-2 (3.32 Kb). The 250 bp sequence indicated in bold letters is the original clone isolate by DD-PCR. C4-2 (3.32
Kb) was isolated from a human fetal brain library, an@®BCE-PCR was done using the primers indicated by arrows. Deduced amino acids
are shown by single letter.
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a

10 20 30 40 50
c4-2 1 GCRGARGAAGICAAAATTAAA 50
ARPP-16 1 50
ARPE-10 L GCTGAAGAAG 50
60 70 80 90 100
c4-2 YN GCARGITATCCTCATC TG AT T TOTTAL 100
ARPP-16 51 TCGAGGTTCC 100
ARPP-19 51 100
110 120 130 140 150
c4-2 NG GAAACGETT] TTGATTCTGGRGGATTACAAC 150
ARPP-16 101 150
ARPP-19 SN G GAAACGAREIMGCAGAAAGGG GGATTACAAC] 150
160 170 180 190 200
ca-2 151 CAAAAATGAR CTTCCTACTGCAECICCGGA] 200
ARPP-16 151 200
ARPP-19 151 CAAAAATGAR CTTCCTACTG 200
210 220 230 240 250
ca-2 201 VNG CACTCCEC AL 250
ARPP-16 201 250
ARPE-19 201 GACCTTCCTC 250
260 270 280 290
ca-2 CERM - 7 Ciin gl T CglC T TG TTJGCTAGCAAGC 300
ARPE-16 251 300
ARPP-19 EAB". 7\ CGGARACC GCTAGCAAAC] 300
b CODING REGION 3’UTR
arep-16 [N 1.9¢Kkb
94% 85% 23%:
? : 3.32Kb
C4-2 I
94% 82%

arer-1o [ — 1555

Fig. 2. Sequence identity analysis of C4-2 (3.32 Kb) with bovine ARPP-16/19 genes. Besleb({s sequence identity of the coding region
of C4-2 (3.32 Kb), ARPP-16, and ARPP-19. Black boxes show regions of identity between sequenced)Raonel{ a summary of sequence
identity analysis between C4-2 (3.32 Kb), ARPP-16 and ARPP-19 sequences.

taaaggggtaagtcacagtgcttaaatcctcaaBd Scacttaact- washed in PBS (phosphate-buffered saline) and treated
taatacgactcactatagggttgtatgctacaaacatgccdgtt The with proteinase K (25 mg/ml for 10 min), followed by
PCR product was then gel purified and labelled as notégation in 4% paraformaldehyde. After incubation in
above. Hybridization and washing of the membrane w@s25% acetic anhydride/0.1 M TEA (tri ethanol amine),

carried out as recommended by Clonetech. sections were dehydrated through graded concentrations
of ethanol from 70% to 100% and prehybridized for 2
In Situ Hybridization hours at 55°C in 50% formamidé x SSC (sodium

chloride, sodium citrate) at pH 4.5, 5@/ml tRNA, 50
In situ hybridization was performed as described prgzg/ml heparin, and 1% SDS.
viously [16]. Briefly, 6 um, 4% paraformaldehyde-fixed, Sections were hybridized with fg/ml DIG labeled
paraffin-embedded mouse embryo sections from Novantisense or sense probes for 18 hours at 55°C. Probes
gen (Madison, WI) were deparaffinized by two washes iwere synthesized with the Genius 4 kit from Boehringer
xylene, followed by rehydration through graded concemiannheim (Indianapolis, IN) using the T3 and T7
trations of ethanol from 100% to 70%. They were thepromoters of a PCR template-derived from cDNA cor-
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responding to bases 112-402. The PCR template v

amplified using primers Taagctcgaaattaaccctcac "_'.J
tagaagggatggaagataaagtgactagtccagamnd Scactaac- 8
taatacgactcactatagggtcagccagccagtttgctagcaacaagag: S
which contain the T3 and T7 promoters added to s =
quences corresponding to bases 112—-138 and 373-40 ff <_t| 2
ARPP-16. Following hybridization, slides were washe — 5 = > ‘é'EJ
in 50% formamide2 x SSC at pH 4.5, 1% SDS at 50°C rZ0@o "_',J % O
treated with 5ug/ml RNase A for 30 min at 37°C, and E é 5 % g E e <ZE
washed in 50% formamigde2 x SSC pH 4.5 at 50°C. T oo 3w ¥ o
Sections were preblocked in 10% normal sheep sert

E x £

(Sigma, St. Louis, MO) and incubated with a 1:2,00 go0kb —»
dilution of alkaline phosphate conjugated antidioxigeni

Fab fragments (Boehringer Mannheim) for 18 hours . 17kb —»
4°C. For detection, slides were incubated with NBT (Ni

troblue Tetrazolium Chloride/BCIP (5-bromo-4-chloro "
3-indilyl-phosphate, 4-toluidine salt) in the dark for 2¢ pActin ——» M.
hours. After counterstaining with eosin Y, slides wer '

mounted with Permount and visualized using an A
ioskop (Carl Zeiss, Thornwood, NY) routine microscope

RESULTS
Cloning of Human C4-2 (3.32 Kb) Transcript

The previously described C4-2 clone (0.25 Kb) wa
used for screening a human fetal brain library (Strat
gene) for isolation of a full-length cDNA. The result of
this screening was the isolation of a 2.4 Kb cDNA frag
ment. Sequence analysis of this clone showed that it t
strong sequence identity to thé é&nd of both ARPP-16
and ARPP-19 genes. To investigate if C4-2 containe 0
coding regions like ARPP-16 or ARPP-19, a specific
primer to the 5 end of the 2.4 Kb fragment of C4-2 was.; . o . :
used for carrying out RACE-PCR. We also made ar?gh%b%dio%);g:re]s;#%nl\?cﬁrt%irﬁ blot of ( (?zll-gug;(?)rr]etslgs;peéérsph;r?gl;,IS o
additional primer that was specific to the translationahd ofp actin expressionrgiddle panel), which serves as an internal

; . ntrol for gel loading in various normal human tissues. The bar graph
start site of the ARPP-16 gene to carry out PCR from tIAi?sgthe relative expression of C4-2 after correction for gel loading based

5" RACE-PCR product (Fig. 1). The result of thenp actin expression. C4-2 expression in normal tissues is highest in
5'RACE-PCR was a 0.9 Kb fragment with overlappingg normal brain. The 6.0 and 1.7 Kb transcripts of C4-2 are indicated

sequence to the 2.4 Kb cDNA. We completely sequenc8f@oWs:

the 2.4 Kb and 0.9 Kb fragments and deduced a 3.32 Kb

cDNA sequence (Fig. 1). This clone is referredto as C4-2  Expression of C4-2 (3.32 Kb) in Normal

(3.32 Kb) in the text. Next, we performed sequence iden- Human Tissues

tity analysis of both the coding region and thé&J3R of

the C4-2 (3.32 Kb). The coding region of C4-2 (3.32 Kb) It has been reported previously by Northern blot analy-
is 94% identical to bovine ARPP-16 (Accession#is of human brain RNA that the ARPP-16/19 probe
M33617) and ARPP-19 (Accession# M33618). The maesulted in two potential transcripts of 1.7 Kb and 6.0 Kb
jor characteristic of C4-2 (3.32 Kb) is the presence of[dA4,15]. The 1.7 Kb transcript encodes for the ARPP-16
very long 3UTR (3.1 Kb). We next performed sequencerotein, but the 1.18 Kb transcript that may encode for
identity analysis between bovine ARPP-16, ARPP-1the ARPP-19 has not been observed on the Northern blot.
and human C4-2 (3.3 Kb)YBTR (Fig. 2). ARPP-16 had We performed Northern blot analysis onp2) polyA+
85% and ARPP-19 (completé B3TR) had 82% identity RNA isolated from eight different tissues. As shown in
to the C4-2 (3.32 Kb). The remaining 581 bases of tHeéigure 3, we observed the 6.0 Kb transcript expressed in
ARPP-16 have a 23% identity to clone C4-2 (3.32 Kbjrain as compared to other tissues. A low level of the 1.7
The C4-2 (3.32 Kb) clone has an additional 1977 baseski transcript was observed, and this may be due to cross
3'UTR with no identity to ARPP-16 or ARPP-19. reactivity of the probe used.

RELATIVE EXPRESSION
)
1
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Zoo Blot Analysis of Coding and Noncoding suggests that C4-2, 3JTR is more conserved in higher
Regions of C4-2 (3.32 Kb) Transcript mammals than rodents.

We were next interested in understanding the role of  Expression of C4-2 Coding Region During
C4-2 during mouse brain development. To do so, we first Mouse Development
wanted to determine if the coding and3R region of
the human C4-2 is conserved. To answer this question,To understand the role of C4-2 (3.32 Kb) during brain
we performed zoo blot analysis using coding region amt&velopment, we used the technique of in situ hybridiza-
3'UTR of C4-2. As shown in Figure 4, when the codingion, which has been used for studying changes in gene
region of the C4-2 was used as probe, a strong positiegpression [17]. On the basis of zoo blot results de-
signal was observed in the human, monkey, rat, mouseyibed in the previous section, the coding region of
dog, cow, rabbit, and chicken, and none with the yeaS#-2 was used as either a sense or antisense probe to
DNA. After removing the probe, the same blot was usestudy the expression. Mouse embryos fixed in paraform-
for hybridization with a 500 bp probe generated againatdehyde and embedded in paraffin from six different
the 3 end of the C4-2 (3.32 Kb) transcript. As shown irdevelopmental stages were used for this analysis. As
Figure 4, a positive signal was observed in DNA from thehown in Figure 5 (panels a—h), an increasing level of
human, monkey, and cow. A low level of positive signaC4-2 expression was observed from the day 10 embryo to
was observed with rat, rabbit, and chicken DNA. N¢he day 13 embryo. Expression of C4-2 was uniform in
signal was observed with mouse or dog DNA. This dathe brain and in some cases confined to specific regions

> (- C o [ >‘:._
158 § =%. %= 8 ©53 =22 & Y53
CEC . Jom:209Yw 203 o3 .. C E = w .© 0 o3 . 5 E
W 3 O mOO0OO0 @@L © OLC @WOOO wO S ®© L LC @O 0o ] S
=S I=Z2r=00mw o > >Oron=r=I=2 >Oroo=owr=I=
s -
. - :
<
- -
ot -

Fig. 4. Zoo blot analysis of C4-2 gene. Paf&) shows the schematic of the C4-2 gene with coding region shown as a hatched box and the
noncoding region as a line. The probes used for coding and noncoding regions in the zoo blot are indicated by thick and thin lines respectively.
Panel(b) shows the ethidium bromide stained gel of the DNA digested with a restriction enzyme (EcoRI). Rareatsl (d) show the
autoradiogram of the zoo blot hybridized with C4-2 coding region and noncoding regions, respectively. Refer to Materials and Methods for
details.
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Fig. 5. Expression of C4-2 during mouse brain development. Panbls, d, i, j, I, andk show expression in embryos, 10, 12, 13 (fore brain),

13 (hind brain), 14, 15 (hind brain), 15 (fore brain), and 16 days old, using antisense probe.eRénglandh are the serial sections of those

used in panels a, b, ¢, and d, but hybridized with C4-2 sense probe. Arrows indicate specific regions of C4-2 expression. Serial sections
corresponding to panels i, j, k, and | were hybridized to C4-2 sense probe, and no signal was observed (data not shown).

(Fig. 5, panels c, d, j, i). Low or no expression of C4-3pecific regions. No signal was observed when a C4-2
was detected when a C4-2 sense probe was used on segake probe was used on the same developmental stage
sections (Fig. 5, panels e, f, g, h). Panels i, j, k, and | serial sections (data not shown). Another unique obser-
Figure 5 show that the expression of C4-2 decreasesvasion was the expression of C4-2 at very high levels in
the development proceeds with expression confined ttee areas surrounding the spinal cord (Fig. 6). A high
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The technique of DD-PCR that we utilized to isolate
differentially expressed genes, have been used exten-
sively to isolate potential oncogenes and tumor suppres-
sor genes with altered expression [13,19]. Recently DD-
PCR technique was used successfully for isolation of
tumor suppressor genes from brain tumors [13,20]. We
reported previously the isolation of C4-2 using this tech-
nique. This gene was shown to be expressed at very low
levels, not only in cell lines derived from brain tumors
but also in primary breast and prostate tumors. We also
demonstrated that C4-2 expression is high in a normal
brain as compared to other tissues [13]. We report here
the gene organization, full-length cDNA sequence, and
developmental expression analysis of C4-2, a potential
tumor suppressor gene.

Sequencing of the C4-2 (3.32 Kb) cDNA indicated
that it is a novel transcript of the previously cloned fam-
ily of cAMP-regulated phosphoproteins (ARPP-16 and
ARPP-19). The coding region of the C4-2 (3.32 Kb) is
Fig. 6. Expression of C4-2 in developing spinal cord and somiteg.lm.OSt identical to. the ARPP-16, but the untranslated
Panels(a) and (c) show spinal cord and somite region of 11- and€dion showed variable homology to both ARPP-16 and
13-day-old embryos hybridized with C4-2 antisense probes. Pénjels ARPP-19. Specifically, the last 1.97 Kb of the C4-2 (3.32
and(d) are serial sections of those in (a) and (c), hybridized with C4'I%b) does not show any homology to ARPP-16/19. On the
sense probe. Arrows indicate specific region of expression. Letter S'in™/. .
panel (a) shows the spinal cord. basis of C4-2 sequencing, we conclude that C4-2 (3.32

Kb) is part of the 6.0 Kb transcript previously observed

on the Northern blot. Northern blot analysis demon-
rated that the expression of C4-2 is brain specific. Zoo
ot analysis DNA from different species using the cod-

level of C4-2 expression was observed in developiﬁ

somites (Fig. 6). No signal was observed on serial s€ ) i
tions when the C4-2 sense probe was used (Fig. 6). N9 and noncoding regions strongly suggest that the cod-

expression of C4-2 was detected in the remainder of tH§ région is highly conserved, whereas the noncoding
embryo (data not shown). region is more conserved in mammals. This evolutionary

conservation of sequence strongly suggests its important
DISCUSSION functional role. Developmental expression of C4-2

To understand the process of cell transformation aS§ongly suggests that it may have a role in normal brain
tumorigenesis, it is important to understand the cellulggvelopment. High level of C4-2 expression around the
and molecular events that underline these process@¥bryonic spinal cord may validate the previously pro-
Genes that are overexpressed in tumor cells, whose ove®sed function of ARPP-16 in neurotransmission [15].
expression in normal cells cause transformation alore work is necessary specifically to address the C4-2
termed “oncogenes.” Tumor suppressor genes, hownction. For example, by developing a mouse lacking
ever, are genes that control normal cell growth, diffethe C4-2 gene, we may gain some insight into this gene’s
entiation, and progression through the cell cycle. Thewormal function. To address the role of C4-2 as a tumor
expression is low in tumor cells as compared to the ngiuppressor gene, we have recently transfected several
mal cells, and if they are overexpressed in tumor cellgfain tumor cell lines with C4-2 in both sense and anti-
the cell reverts back to normal. Several oncogenes asehse direction. A similar approach has been used with
tumor suppressor genes have been suggested to gl connexin 43 gene to demonstrate its role as a poten-
some role in brain tumor initiation and progression, buial tumor suppressor gene [21]. We are currently study-
the exact mode of action is not known at present [4—@hg the growth rate in culture and in soft agar of the brain
On the basis of previous studies, it is thought that themor cell lines transfected with C4-2 clone.
series of events that may lead to tumor formation are
complex and the number of genes involved may be more ACKNOWLEDGMENTS
than those already isolated and studied [18]. Thus isola-
tion and characterization of new genes would be very This work is supported by a generous fund from the
useful, not only in understanding the process of tumoifdeke Slayton Foundation, Northwest Hospital, and in
genesis but also for therapy. part by Wilkins Charitable Foundation, Seattle, WA.
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