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Increased transcriptional activity by mutation of HPV-16 URR in
cervical cancers carrying episomal HPV- 16 DNA
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HPV E2 protein is known to act as a negative regulator of transcription and the disruption of E2
open reading frame by HPV integration can release suppression of E6 and E7 mRNA expression,
resulting in uncontrolled cellular growth and malignant transformation by inactivating tumor suppressor
gene products (p53, pRb). YY1 mutation of HPV URR has been suggested as one of indicator that
explains development of cervical neoplasia by episomal type of HPV. To extend this hypothesis, we
examined whether mutation(s) in specific sites of HPV URR is functiondly related to the invasiveness
of cervica neoplasia and the physical status of HPV DNA.

The URR sequences were obtained by PCR amplification of HPV-16 genome from CIN and
invasive cancer patients, cloned into pUC18 for sequencing, and into pBLCAT8+ for functional CAT
assay. Our previous data classified HPV-infected patients into three groups. 3 cancer cases carrying
episoma HPV DNA; 12 cancer cases carrying integrated HPV DNA; 12 CIN cases carrying episomal
HPV DNA. The specific variants in HPV-16 URR were found in Korean women: GA transition at
nt 7520 (100%, 27/27), AC transition at nt 7729 (70%; 19/27), and GA transition at nt 7841 (78%;
21/27). Selective mutations were observed at the Y'Y 1-binding sites of HPV-16 URR in the 3 patients
with invasive cervical cancer, who having the episomal forms of HPV-16 DNA: AC transition at nt
7484 and GA transition at nt 7488 (YY1-binding site 2; from 7481 to 7489). Additionally, CT
transition at nt 7785 (YY1-binding site 3; from 7781 to 7790) was found from 2 of 3 patients. No
YY1 site mutations were detected in the 12 CIN patients and in the HPV-integrated invasive cancer
patients. To determine whether these mutations have effect on the expression of HPV E6/E7 genes
driven by URR, the transient transfection assay was employed using URR-CAT reporter plasmid. The
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relative activities of three URR mutants from episoma HPV-16 DNA of cervical cancers were 2- to
4-fold higher than that of HPV-16 URR prototype. In contrast, the URRs from integrated HPV-16
DNA in cervical cancer and from episomal HPV-16 DNA in CIN, where no mutation of the
Y'Y 1-binding site was detected, showed similar levels of promoter activity to that of URR prototype.

Our results support the hypothesis that the mutation a YY1 binding site is functionally
related to the development of cervical neoplasia caused by episomal HPV-16 DNA in Korean
cervical cancer patient. Thus, mutation in YY1 site of episoma HPV-16 URR may play a role
of HPV integration in the progression of cervical cancer.
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sequencing
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15
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genomic DNA 0.5-1.0 u g, buffer(10 mM KCI,
100 mM MgCl2, 20 mM TrisHCI, pH 8.8, 10
mM(NH42504 0.1% Triton X-100), HPV-16 URR
primers(Table 1.),

Tag polymerase deep vent DNA polyme-
rase(New England BioLabs; Beverly, MA)
DNA Hindlll

Table 1. Oligonucleotide Sequence of URR and
Sequencing Primers

LR porimary for HIFV-16
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5 et ceniral segrmemt {enhancer) 3" pegment
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BamHI , vector-specific primers
DNA sequencing pUB18 vector

cloning (Table 1.)(Fig 1.).
Dr. Harold zur Hausen(Deusches Krebsfor-
schungszentrum, Heidelberg, Germany)
(prototype) HPV-16

URR sequence )
sequence HPV-16 URR
sequence ,
(Table 1. )19.
3. HPV-16 URR
HPV-16 URRs  sequence
pBLCATS8+
vector  reclone (Fig 1.). transfection
calcium phosphate-base method
2. 10% FBS DMEM
C33A ( 4x 105) transfection 5
6-well plate .3 ug PpBLCAT-URR
plasmid 1pg SV40-deriven B -gal
plasmid transfection .
calcium phosphate-DNA tran-
sfection
24
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=SS HPV-16 E2 PCR  Southern blot
hybridization
HPV-16 HPV-
Sequencing CAT assay 16 DNA 4,
Fig 1. lllustration of constructs used for sequencing and CAT assay of HPV-16 DNA 3
amplified HPV-16 URRs from genomic DNA of cervical neoplastic
tissues. The amplified sequences of HPV-16 URRs by deep vent
polymerase were cut by restriction enzymes, Hindlll and BamHI, and HPV-16 DNA
then cloned into pUC18 vector at the same sites for DNA sequencing 12
by a standard dideoxynucleotide method using vector- specific primers. HPV-
The amplified sequences of HPV-16 URRs were recloned into the 16 URR
pBLCAT8+ vector at the same restriction enzyme sites for evaluation
of the functional activity. '
HPV-16 DNA 12
HPV-16
PBS 0.25 URR . PCR
M Tris-HCl 100 p I(pH 7.6) 3 HPV-16 URR
(12,000 rpm, 10 min, 4 DNA sequencing , (proto-
) Bio-Rad type) HPV-16 URR
. B -gdactosidase (varia-
96-well plates tion) (Table 2.). HPV-16 URR
2). Boehringer nt 7520
Mannheim protocol 30-70 p | clear (100%; 27/27) G-A nt 7729(70%; 19/27)
lysates CAT ELISA CAT A-C
(Boehringer Mannheim, Germany).
CAT B -gd ,
3
transfection (normal variant)
. , nt 7841(YY1 6)
, HPV-16 URR G-A (78%; 21/27). ,
HPV-16 DNA YY1 6
(invasiveness)
HPV-16 DNA 3
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Table 2. Summary of Mutation Sites in URR Derived from Korean Patients with Cervical Neoplasia
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8 | it CA o o o gy
0| ik CA o 5] [¥] 0 5]
1| ik CA 0 8] [i] 0
12 | il CA 0 o [&] o | o 0
13 ird. CA (8] [v]
1415) i Ca | X2 o] o o [¢]
16-20) ppiCIN | X5 0 o Q Q ]
Ll e CiN L X2 Q
M| epCN] w2 0 o ) o
= | epiCIN i} o 4] oolp 5]
|25 | e Gl ] o
L2 | epi CIN 0 5] Q
HPV- 3 2
16 URR VYY1 (Table HPV-16
2.). nt 7484 A-C nt 7488 HPV-16
G-A (YY1 URR YY1 2 3
2; 7481 7489  )(Fig 2). , nt 7785 12 HPV-16
(YY1 3, 7781 7790 ) C-T YY1 2 3
B (point mutation)
e Prototype j i. C
& R AL ) HPV-16 URR  enhancer 4
‘F:;' - —
e = ptl
= e Alod e
5= = 2. HPV-16 URR
S LT HPV-16 E6/E7
="i] = e po——
o BRI DAL e HPV-16 1 (case #16),
HPV-16 DNA 3 (case
Fig 2. Sequencing gel illustrating the prototype HPV- 16 #l 3), HPV-16 DNA 1
URR and the point mutated URR from cervical (case #9)
cancer carrying episomal form of HPV-16 DNA
(case #1). Point mutations were noted at HPV-16 URR HPV-16 URR
YY1-binding site 2(from nt 7481 to nt 7489) of pBLCAT8+ vector
URR from cervical cancer carrying episomal tk promoter
form of HPV-16 DNA; A-C transition at nt HPV-16 URR

7484 and G- A transition at nt 7488(arrows).

- 475 -




HPV-16 DNA

pBLCAT-URR reporter plasmid

URR promoter
transfection CAT ELISA

. HPV
(C33A)
transient
. Fig 3

HPV-16 DNA 3

CAT-
2 4
URR YY1 2

HPV-16 DNA
HPV-16 DNA
URR
nt 7841(YY1 6)
URR

, YY1

DNA

sequence YY1

HPV-16 URR
HPV-16 URR
, HPV-16

YY1

HPV-16 URR

G-A

6 YVl

HPV
HPV E6, E7
URR

, HPV-16 DNA

HPV DNA

cinoma)

, HPV-18 DNA

(adenocar-

4 HPV E2

n2.

-16 URR

pPBLCATB+(=1k) __-_—-1
+URR prototype ‘—
FURR epl.CA ¢ 1 I
+URR epl.CA #2
+URA epi.CA #3 —_..
+URR inl.CA #8 7_—1 i

+URR epi.CIN #16 L-—

0 2

~

4 B 8

Relative Amount of CAT

Fig 3. Expression of CAT under the control of the
prototype(+URR prototype) and mutated HPV- 16
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reporteer plasmids without tk promoter,
pBLCAT8+(- tk), and with HPV-16 URR prototype
were used as a negative and positive controls,
respectively. Mutant URRs from episomal HPV- 16
DNA in cervical cancers(+URR epi. CA #1, #2,
and #3), URR from HPV-integrated cancer patient
(case #8), and URR from HPV-episomal CIN
patient(case #16) were analyzed for their activities
by CAT assays. Relative amount of CAT was
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