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Identification and Characterization of a Nasopharyngeal
Carcinoma (NPC) Related Gene Which Shows The

Hallmark Characteristics of a Processed Pseudogene
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Abstract A nasopharyngeal carcinoma( NPC) related gene, named NAG73 w hich mapped to 3p25~ 26 was identified by

positional candidate cloning. Structural analysis reveals that NAG73 has an intronless genomic sequence, which is

. - ! T - . “ N ol
homologous with the fourth exon and 3 UTR of Homo sapiens Growth Hormone Secretagogue Precursor Gene

(GHRELIN) .

NAG73 has no 5 promoter sequence, and has putative polyA. The results suggest that NAG73 might be

a processed pseudogene of GHRELIN. It has been showed that NAG73 is actively transcribed in some cells and tissues

examined. There is expression difference between normal nasopharynx epithelia and nasopharyngeal carcinoma epithelia.
And there is potential for a NAG73 encoded translation product. So, it is possible that NAG73 is translated and the

product might act on the tumorigenesis of nasopharyngeal carcinoma.
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There are two genetic events required to

mutationally inactivate tumor suppressor genes.
First, that is either inherited as a germ-line lesion or
somatic mutation. Second, that is complete or partial
loss of chromosome which is observed as loss of
heterozygosity( LOH)M.

Genetic

imbalance is considered to be an

important  reason for the tumorigenesis of
nasopharyngeal carcinoma ( NPC). It has been
reported that there is high frequency LOH on short
arm of chromosome 3 in genome of NPC!*?,
especially on 3p25~ 26!*1, suggesting the potential
tumor suppressor genes associated with NPC might be
located on this region.

Here we have selected one expressed sequence tag

(EST), 3p25 ~ 26 and

downexpressed in nasopharyngeal carcinoma compared

which is located on
with normal nasopharynx tissue, as a candidate tumor
suppressor gene. Using positional candidate cloning, we
have identified and characterized a novel gene associated
with NPC named NAG73 that map to 3p25~ 26.
Through structural analysis, NAG73 shows the
hallmark characteristics of a processed genel”, which
is intronless, has no promoter, and is homologous with
the fourth exon and 3 UTR of Homo sapiens Growth
Hormone Secretagogue Precursor ( GHRELIN, GenBank
accession No. AF296558). According to Vanin'”,
pseudogene is used to describe sequences found to be both
related and defective. It suggests that NAG73 might be
a pseudogene of GHRELIN. And we have found the

NAG73 is highly transcribed in some tissues and
cells, Transcriptional analysis reveals that NAG73
might act on the tumorigenesis of nasopharyngeal

carcinoma.
1 Materials and Methods

1.1 Selecting EST associated with Nasopharyngeal
Carcinoma
The previous study has demonstrated that there
is high frequency LOH region on short arm of
chromosome 3 in the genome of nasopharyngeal
carcinoma, in which 3p25~ 26 is the highest frequent
LOH region. EST AA767031, which is located on
3p25~ 26, was selected from Unigene Resources
(www. ncbi. nlm. nih. gov/unigene). The clone
which contains EST AA767031 was obtained from
Research Genetics Cooperation of USA.
1.2 Transcriptional analysis
1.2.1 Designation and synthesis of PCR primers
Primer pairs were chosen from the 3 300 bp of
EST AA767031. The primer pairs of house keeping
gene GAPDH were synthesized. The product of
GAPDH amplification is about 600 bp.
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1.2.2 RT-PCR

Total RNA was isolated from normal human
embryonic nasopharynx epithelia, human nasopharyngeal
carcinoma epithelia and nasopharyngeal carcinoma biopsy.
The normal human embryonic nasopharynx epithelia and
nasopharyngeal epithelia  were
constructed by Cancer Research Institute of Xiang-Ya
School of Medicine, Central South University, China.
Nasopharyngeal carcinoma biopsy was obtained from
Possible  DNA
contamination was removed by Dnase treatment, and
reverse transcription followed by RT-PCR was
performed to amplify a 300 bp transcript. 50 Bl reaction
contained 50 Fmol/ L KCI, 10 mmol/L Tris HCI ( pH
8.3), 2.5 mmol/L MgCl, 0.2 mmol/L each
dNTP, 0.2 mmol/LL each primers and 3 U Taq

human carcinoma

Tumor  Hospital of  Hunan.

polymerase. Reactions were incubated for 5 min at
94 C, and then subjected to 30 cycles of melting
(1 min at 94°C), annealing (50 s at 57C) and
elongation (1 min at 72°C). The final extension was
for 10 min at 72 °C.
1.3 Northermr blot analysis

The plasmid was isolated according to the method of
A Laboratory Manual" ( Cold
1989 ). The
plasmid was subjected to digestion with restriction
and EcoR I . The product of
digestion was labeled by *P. The Multiple Tissue
Northern( MTNT'“) Blots was obtained from Clotech
Company. MTN™ Hybond N is blotted 8 kinds of
tissue mRNA including heart, brain, placenta, lung,
liver, kidney, SK. muscle and pancreas. The
MTN™ Hybond N hybridized with **P labeled ¢DNA
probes. Hybridization were performed at 68 C in 5 x
SSC, 20 mmol/L phosphate buffer, 5 x Denharts,

10% dextran sulfate, 100 mg/L denatured sheared

“Molecular Cloning:
Spring Harbor Laboratory Press,

endonuclease Not |

salmon sperm DNA.

1.4 DNA sequencing and database searches
Automated DNA sequencing was performed by

TaKaRa Bio Co., China. Nucleic acid and protein

database searches were performed at the NCBI server

(www. nchi. nlm. nih. gov ).

2 Results

2.1 Transcriptional analysis of AA767031

RT-PCR  results showed that in normal
nasopharynx epithelia, EST AA767031 was actively
transecribed, while in 66% biopsy of nasopharyngeal
carcinoma, EST AA767031 failed to express or
dow nexpressed ( Figure 1). The results suggested
that EST AA767031
tumorigenesis of nasopharyngeal carcinoma. So, EST
AA767031 is thought to be a tumor suppressor gene
candidate.

might affect on the
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Fig.1 RT PCR analysis of EST AA767031
1 and 11 :markers. 2:normal human embryonic nasopharynx epithelia. 3 :
hll['l'lill] lli]."'v(ll'lhilr)'llgﬂll (‘.'\I]'("illtllllﬂ !‘I]'i[ I](“.Iiﬂ, 4 d !0 . !2 il 1’8 H
nasopharyngeal carcinoma biopsy. The figure shows that EST AAT67031 is
down expressed or is noir expressed in 66% nasopharyngeal carcinoma biopsy
and human nasopharyngeal carcinoma epithelia, suggesting that EST
AATGTO3] affect on the tumorigenesis of nasopharyngeal carcinoma. EST
AAT67031 is thought to be a tumor suppressor gene candidate.

2.2 Isolation and cloning of NAG73

Northern blot analysis of multiple tissue resulted
in a transcript of about 1.3 kb, indicating that EST
AA767031 which has 2.1 kb contains a fulklength
cDNA, named NAG73 ( GenBank accession No.
AF280797, Figure 2).
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(a)

ree e {1 <1.3kb
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Fig. 2 Northern blot analysis of EST AA767031
(a) The MTN™ Hybond N hybridized with ¥ P labeled AA767031
c¢DNA probes. Probes were obtained from digestion with restriction
endonuclease Not | and EeoR1 . The product of digestion was labeled
by 2P, The hybridization resulted in a transeript of about 1.3 kb,
indicating that EST AA767031 which has 2. 1 kb includes a fulklength
c¢DNA, named NAG73. NAG73 is actively transcribed in heart, brain,
pancreas, placenta, liver, SK. muscle and kidney. (b) Same blot
shown in upper panel probed with B-actin. The hybridization resulted in
active transeript in all of the eight tissues . | ~ & : respectively heart ,

|)ra|i|1. i]lil(‘!‘l]l.‘\l. ]l]llg. ]i\'!‘]'_ SK, IIIIISI‘I(“.. kil]lll‘_\". pancreds.
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2.3 Nucleotide sequence and structural anlysis of
NAG73

NAG73 was sequenced in its entirety, then the
structure was analyzed. Open reading frame ( ORF)
analysis revealed that the open reading frame was
from nt524 to nt854,

predicted to be 110 aa( Figure 3). In a search of

the product of translation

Genbank with the sequence of NAG73, homology to
the GHRELIN was identified. BLAST revealed that
NAG73 was homologous with the fourth exon and 3’
UTR of GHRELIN gene ( Figure 4). And NAG73

originally identified homology with Homo sapiens

Prog. Biochem. Biophys. .
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3p25~ 26 BAC CTB-187P1 ( Figure 5). Structural
analysis revealed that NAG73 is
sequence, which has putative polyA signals
AATAAA. Tt was possible that NAG73 was a
pseudogene of GHRELIN.

Analysis of the 5 UTR of NAG73 revealed
several potential splice sites! ®! ( CAG preceded by
polypyrimidines) at position 62, 101, 179, 240,
326, 487, 496 ( Figure 3). Potential ribosomal

recognition site CTG, was shown at position 419

an intronless

(Figure 3). The above structural features supported
the possibility that NAG73 might be translated.

1 lgaglagooo geclgeagly lgclglgacy
61 teagecatit actaaglage clggggalel
121 ctgggetget geccaagatt ctacatttet
181 gaccacaget tetatgtgag zgagageagl
241  aglagttagt geelgealgt glggcggeea
301 ageaceetet glgglaggge  tlitceagag
361 cggettectg catgtiteee acaagegete
421 Getetttggg gecacetegt tetttgeett
481  tgectacagt caaglcagte cacatgttta
541  ceccgggaag accaghgleg taactggaat
601 tgletgetgt gaaclggagl lgaggeaaly
661 aaccal groeg ACgECeCagee Hgeecalgl
721  aglggagaag ggaggaagga  gaalgeagel
781  ceglgattgg geacel cact taacgl claa
841 tecletecaa lettgaatge atgtiggett
901 acacagoeect goclgallgl laataagelg
961 atgtitaaag gaaclgtgle tigttette
1021 tatctettet ttetetteel clecelecte
1081 tieteteete ctictetaag aaacccaghe
1141  agettetetg ctigagtgag clggtgtgat
1201  ectacttgtee ttttattece tteccacaga
1261 tattttgatt tttttaaagt aaaatattaa
1321 gaacatcaaa

colggoaagy
lgllaaaalyg
aagagteect
tgeotitetg
gaatltlacl

lglggocall

agatggctga
tecetecect
goectaaggte
taagttgtee
Higgaaale
gaggeallly
ctitcaglge
clicagalle
cgalaatgle
Haatgeage
cletetlece
ctittececl
ttaattccac
taggttttet
ceataaacea
ctittectet
aaa

ggalletaag
cagaleelga
gratgacgel
tetgectgee
lggggagacg
aceccaaclg
attggcaagt
tagegatgty
geealgaceg
aacataagag
ceacclggla
clilgleagg
lglclageag
aclellggoc
aleclgaagl
cligeaclea
tetttetett
clecclecla
acaatgeatg
aaacatgeac
agaattattt
ttgaAATAAA

Fig. 3 NAGT73 was sequenced in its entirety
Open reading frame { ORF) analysis revealed that the open reading frame was from nt541 to nt854, the products of transla—
tion predicted to be 110 aa. The start code ATG and the stop code TGA & underlined. Polyadenylation signal AATAAA is

ceatltecca
lagallaggg
socatteaca
seaccigate
cleggeleet
tetetgeaga
ctgtgetgCT
teccat cegt
agtgeeettc
teaaggeteg
teaglaages
celleleagl
lgeccaagag
atteetglet
tetttglee
goaagecely
agleceactl
cleleecoect
cacatgeagt
attggecttg
ttatttgtat
tteccatitg

shown in capital characters. Potential splice acceptor sites{ CAG) are underlined. Potential ribosomal recognition site CTG

i« shown in capital characters. The above structural features supported the possibility that NAG73 might be translated.
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Fig. 4 NAG73 is homologous with the fourth exon and 3 UTR
of GHRELIN gene

It suggests that NAGT3 is related to GHRELIN, but defective. The

."illli(l b[ll('k!& I'{'fl}l'{'?‘.'i{'?['ll ”H‘f exons, 'I‘II"'. :'i(lli(l |i|i(".!9' I'Hl)l't.‘.‘iﬁ[ll r]:ll]kil]g illlt]

intervening sequences,

ATG TGA
NAGT3
Hamo sapiens
3p25~26 BAC
41741 43 067 CIB-187P1

Fig. 5 Alignment of NAG73 and Homo sapiens 3p25~ 26
BAC CTB 187P1
The ORF of NAG73 is completely homologous with Homo sapiens 3p25~ 26

BAC CTH 187P1 which lacks the intervening sequence .

Clll]ﬂl exons are

shown as black box, and 5 UTR and 3 UTR are shown as white hox.

3 Discussion

A pseudogene is a sequence which is present in
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the genome and typically is characterised by close
similarities to one or more paralogous functional gene.
to be nomr

In general, pseudogene is thought

function. This lack of function is a result of either
failure of transcription or translation.

A fundamental feature of pseudogenes is that
their nucleotide sequences differ from those of the
paralogous function genes at crucial points. Pseudo-
First,
these pseudogenes contains multiple genetic lesions.

genes have some common features. most of

Second, pseudogenes lack the intervening sequences.
Third,

sequence.

many of these pseudogenes have a polyA

How do pseudogenes occur? Generally, pseudo-
genes are a consequence of gene duplication which can
occur by retrotransposition or by the duplication of
genomic DNA. Pseudogenes arising by retrotrans-
position are occurred after reverse transcription of
single-stranded RNA by RNA polymerase Il and
insertion in the genome as double stranded sequence.

NAG73 is a full length ¢cDNA sequence located
on 3p25~ 26. The structural analysis revealed that
NAG73 had only one exon. And NAG73 is homolo-
gous with the fourth exon and 3 UTR of GHRELIN
gene. NAG73 has a polyA sequence. These structure
features correspond with a pseudogene.

In the human genome, active transposons are
rare. The majority of retrotransposed genes are inac
tivated to processed pseudogenes. There are many
repeats such as Alu, SINE distributed in the human
genome through transposition. These sequences looks
like non-functional. But why the sequences exist after
the selective pressure. And it is intensely discussed

T he

structure of some gene is defective, similar to pseudo-

that if pseudogenes really are nomfunctional.

genes, but they are functional. Retrotransposition

can results in functional, intronless genes, or be inac

tivated to pseudogenes as well. Duplication of DNA is

— T EREEBRNE
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not only the reason of occurrence of pseudogenes, but
also explain the generation of gene families from a
single ancestral gene. It is difficult to differentiate

some pseudogenes and some functional genes.
Processed pseudogenes have been found to be part of
many different gene families.

Referring to NAG73, Northern blot resulted in
active transcription of NAG73 in multiple tissues.
differentia

between normal nasopharynx epithelia and nasopha

Furthermore, there are expression

ryngeal carcinoma. The result seems to suggest that
NAG73 has effect on the tumorigenesis of nasopha-
ryngeal carcinoma. The functional relevance of pseu-
dogene transcripts remains unclear. Sequence analysis
indicates possible translational initiation sites. The
results of this study suggested that based on hallmark
sequence characteristics of processed pseudogenes
with NAG73,

NAG73 was a processed pseudogene which is tran-

along with the transeript analysis,
scrible. The following study will be focused on the
functional research of NAG73, making clear that if
the intronless product can be detectable.
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P53 LR SE A, il Bk ok b5 509 (1 288 i 8 2
796 B, SR P53 FE dESER P73, el T
1p36.2-1p36.3, M 13 DA TR 12 AN F 4k, izt
K1 460 B0 T 4K 110 7 45 M A fig B39 5 ps3 sE Al P73
SLPVEE s by e A 2 R A Rp R p73 BT e, B, v Kb,
p73a, BARACFE I iz ¥k 7EAR R MOk A0 . 5
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p73 H W Z L M & (IR AER, &5 2 Fal ik
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JH L] MDM2 () 0k 355 p73 BT E e P p300 A
MDM 2 -3 (1 8 0T P A7 — e /i HIL E1A 2 g4 il
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FIAN B p7368 (8 e S5 ik Dh B, T o A7 20 kb &5 5 A 40 i)
p73a. E1B55Kda # [ Al SV40T i Ji A ik f1 p73 15 Hi:
E1B55Kda 81454 15 p53 2k TAD X, T U545 &4
DBD [X. XEEESGAL AU GRS, BUFE p73 3R R LA fiE
AT 0 AT 1 k. pS3 H (1R E1BSSKda HIE HI (195 4~ I
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TR A WP AE pS3, p73 H TR0, b p73 I E2F-1 £t 7
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AICD &L ( TCR-activation induced cell death) %% il T
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P 55 0E R0 R A A L, S R i B

PR T p73 AR, v, 6, & & p73 R AELGE
S 20 AR L B p73 PR T p73a R4S 4 A
gl AE S i T R R p73 BT M e B AT P73 R
S TR A DR (3 . . pT3 AR T A R G B A2 1
YAP (Yes KECE 1) WW XA p73 8 (1 PPPPY JEJCH
TEHL. AEAUIMAMS S BIRE, il YAP R pS3 S0 pk 61 11
AWM e S SO EE S S P I AR e A p73 C
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