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=ABSTRACT=

Alterations of p16INK4A and p18INK4C, Human Papillomavirus infections and
Expression of the Cell Cycle Associated Proteins in Cervical Carcinomas
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Sang Sook Lee, M.D.*, Chi Heum Cho, M.D., Soon Do Cha, M.D.
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Obective : We andyzed the gane daus of plEINK4A, pl8INKAC, the eqresson of odl cyde
asodaed protens (PIBINK4A, pI8INKAC, cydin D1, CDK4, pRo, and p53), and humen papillomavirus
(HPV) infection to invedtigate whether the inectivation of these genes paticipated in cardnogenes's, ad to
evduated the expresson of cdl cyde assodated prateins and HPV infedtions.

Methods : We examined forty-one primay cavicd cacinames (17 adenocarcinomes, 13 keatinizing
squanous cdl cadnamas, and 11 nonkeratiniziing squanous odl cardnomas) using PCR, corpadive
multiplex PCR, PCR-SSCP, methylation-spedfic PCR, and immunchistochamistry.

Results : Ninety paoat of cavicd cadnames showed HPV infection. HPV type 16 was detected in
41% and HPV type 18 wes found in 44% Homaozygous ddetions a pl6INK4A gane wae dosaved in 2
casss, but the mutation of p16INK4A and dtedions of p18INKAC gene wae not detected. The promater
hypamethylation far pI6INK4A in nine casss (3199 of 29 cavicd cacinomas was faund. Bresson of
p16INK4A protein was dosarved in 93% and pI8INKAC pratein eqression was noted in 78% Postive
immunostaining for cydin D1 was anly idattified in 5% wheress podtive immunogaining far CDK4 wes
chsaved in %B% BExqresson of pRo praten wes found in 93% and p53 pratein in 24% of cavicd
cadnomes.

Condusion : These reaults suggest that high risk HPV infections and methylation of the pl6INK4A
promater region seam to play an inpartant rde in the pahogenesis of cavicd cadnomes. Altaaions of
p18NKAC gene and cydin D1-CDK4 pathway does nat contribute significantly in the oavicd cardnogeness.

Key Words : p16INK4A, p18INKAC, Human papillomavirus infection, Cdl cyde assodated proten,
Cavicd cacinoma
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Table 1. Primer sequence used for this experiment

Rimer SHpence Rfgace
HPY The d”
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CRAS S GAGCTGIOGECTTAATTGCICS
HV B The d”
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Fig. 1. PCR on DNA samples obtained from the cervical ca-
rcinomas. Fourty one DNA samples were screened
for the presence of HPV using CP-PCR and then
CP-positive sarmples were done for presence of HPV
16 or 18, using SP16 or SP18-PCR. M, molecular
size marker; AD, adenocarcinomas; NSCC, nonker-
atinizing squamous cell carcinomas; KSCC, kerat-
inizing squamous cell carcinomas; N, no termplate; P,
posttive cortrol.

Table 2. Reallts of HPV typing in cavicd cardnomes

HPV-16 HPV-18 Other types

Tumor types(n) @ HPV negative

(%9 ()
AD(17) 5 1 0 1
NSCC(11) 4 3 2 2
KSCC(13) 8 4 0 1
Total (42) 7@y 18(44) 265) 4

AD, adenocarcinomas; NSCC, nonkeratinizing squamous cell carcin-
omas, KSCC, keratinizing squamous cell carcinameas.
" one of HPV-520 and one of simultaneous HPV-16 and -33 infection

1 HPV 33 16

( .17 AD HPV 18 un
16 5 1 HPV
.1 NSCC HPV 16
4 , 18 3, 520
16 3 1 13
KSCC HPV 16 8
, 18 4 1 HPV
(Teble 2).
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Fig. 2. Detection of homozygous deletions of p16INK4A gene
is noted in the cewvical carcinomas. M, molecular size
marker; AD, adenocarcinomas; NSCC, nonkerat-
inzing squamous cell carcinomas; KSCC, keratinizing
squamous cell carcinomas; C, normal DNA cortrol; N,
no template.
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Fig. 3. Comparative muitiplex PCR for p18INKAC exon 2 and
exon 3a-1 (154 bp and 157 bp) and cortrol (APEX
gene fragment, 187 bp). No homozygous deletion of
pIBINKAC gere is nated in the cervical carcinomas.
M, molecular size marker; C, normal DNA control; N,
no template; AD, adenocarcinomas; NSCC, nonkerat-
inizing squamous cell carcinomas; KSCC, keratinizing
squamous cell carcinomas.
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Fig. 4. Methylation+ specific PCR analysis of the p16INK4A
promoter in the cewvical carcinomas was performed.
Reverse images of the ethidium bromide staired gels
are displayed. M, molecular size marker; C, bisuffite
treated DNA obtained from fibroblast; AD, adenoca-
rcinomas; NSCC, nonkeratinizing squamous cell car-
cinomas; KSCC, keratinizing squamous cell carcin
omas.
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Fig. 5. Immunohistochemistry for (A) p16 (>50%), (B) p18
(>50%), (©) cyclin D1 (<5%), (D) CDK4 (>50%), (E)
p53 (5-50%), and (F) pRb (5-50%). Nuclear staining
is present (ABC method. A-F, original magnification
x100).
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Table 3. Results of immunohistochemical analysis of p16 and p18 in association with HPV types and histological subtypes

HPV types(n) Diffuse po. p16/p18 Foca/scattered po. p16/p18 Negative p16/p18
HPV 16(17) 9(A3 N2, KAY 9(A4 N,1 KA4) 6(A.2; N,I K,3/4A,L N1 K.2) 2(A0; N,L K, /4A0; N2 K.2)
HPV 18(18) A9, NI K,/ 10A,7; N,L K.2) (A2 N2 K3¥3A,L NO; K.2) OA0; NO; KOY5(A,3; N,2; K,0)
Othe types (2) 1A0; N, KOY 2(A0; N2, K0 0(A0; NO; K,0/4(A0; NO; K,0) 1A0; N,L KQYO(A0; N0, K,0)
HPV negdive (4) 3A.1 NI K2/ 4A,L N2, K,2) 1A0; NI KOYOA0; NO; K,0) OA0; N,O; KOYO(A0; NO; K,0)
Totd (49 24(A,13; N,5; KB6)/25(A,12; N,6; K,7) 4A4 N4, KBY7(A2 N1 K4 3A0; N,2; K,/9(A,3; N4; K.2)

A, adenocarcinomas; N, nonkerainizing squamous cel carcinomas; K, keratinizing squamous cell carcinomas; Po, positive.
Diffuse, >50% immunareective for tumar nuclel; Focd/scattered, 5-50% immunareective far tumor nuclel; Negative, <56% immunoreective far tumor nucle.

Table 4. Resuts of immunohistochemical analysis of cyclin D1 and CDK 4 in association with HPV types and histological subtypes

HPV types(n) Diffuse po. p16/p18 Focal/cattered po. p16/p18 Negative p16/p18
HPV 16(17) 0(A,0; NO; K,0/11(A,3; N,1; K,7) 1A 0; NO; K,1/5A,2; N.2; K,1) B6(A5 N4 K7/ 1AQ; N,1 KO)
HPV 18(18) 0(A0; N,O; KOY14(A,10; N,1; K,3) 1A 0; NO; K, /4A,L N2; K,D) 7(A, 11, N,3; K.3/0(A,0; N,O; K,0)
Other types (2) 0A0; NO; KOY 2(A0; N2; K0 0(A,0; N,0; K,0/0(A0; N,0; K,0) 2(A0; N2 K0J/OA0; NO; K,0)
HPV negative (4) 0A0; NO KO/ 3A.L NI K, 0(A.0; NO; K,0/0(A0; NO; K,0) 4A,1 N2 K,/ UAO; NI K0
Totd (49 0(A,0; NO; K,0/30(A,14; N5, K,11) 2(A0; NO; K2/9(A,3; N4; K2 39(A,17; N,11; K,11)/2(A,0; N,2; K,0)

A, adenocarcinomas; N, nonkerainizing squamous cel carcinomas; K, keratinizing squamous cell carcinomas; Po, postive.
Diffuse, >50% immunareective for tumar nuclel; Focd/scattered, 5-50% immunareective far tumor nuclel; Negative, <6% immunoreective far tumor nucle.

Table 5. Resuits of immunohistochemical analysis of pRb and p53 in association with HPV types and histological subtypes

HPV types(n) Diffuse po. p16/p18 Focal/scattered po. p16/p18 Negative p16/p18
HPV 16(17) 0A0; NO; K0/OA0; NO; K,0) 16(A5; N4; K7)V7(A0; NO; K,7) 1A0; NO; K,/10(A5; N4; K,)
HPV 18(18) 0(A0; NO: K,0/0A0; NO; K,0) 17(A, 10; N,3; KA/0A0; NO; K,0) 1AL NO; KOY18A, 1L N,3; K4)
Other types (2) 0A0; NO; K0/OA0; NO; K,0) 2(A0; N2; KOY1A0; N, K,0) 0A0; NO; KOYIAL; NI K0
HPV negdive (4) 0(A0; N,O: K,0/0A0; NO; K,0) 3A0; N2 K,/2A0; N,L K,1) 1AL NO; KO/2(A,L N,L K0
Totd (49 0(A0; N,0; K,0)/O(A,0; NO; K,0) 38(A,15; N,11; K,12/10(A0; N,2; K,8  3(A2; NO; K,)/31(A,17; N.9; K ,5)

A, adenocarcinomas; N, nonkerainizing squamous cel carcinomas; K, keratinizing squamous cell carcinomas; Po, positive.
Diffuse, >50% immunareective for tumar nuclel; Focd/scattered, 5-50% immunareective far tumor nuclel; Negative, <6% immunoreective far tumor nucle.
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