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Analysis of HPV-16 E6-related gene expression
using cDNA microarray
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Department of Obstetrics and Gynecology, Catholic University Medical College
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Objective : To examine the effect of HPV-16 E6 expression on the transcription of cellular genes, we
used cDNA microarray in HPV-16 E6 transfected stable cancer cell lines.

Methods : Using cDNA microarray consisting of 1,024 genes, we have performed a systematic
characterization of gene expression in AS49E6 human lung adenocarcinoma and RC10.1 human colon
adenocarcinoma cell lines stably expressing HPV-16 E6 gene. The up-regulated and down-regulated genes
were classified into the different functional categories; oncogenes, apoptosis, cell cycle, signal transduction,
gene regulation, immune response, cell adhesion, protein transport, metabolism, redox control and angiogenesis.

Results : Among 1,024 known genes and ESTs (expressed sequence tags) tested, we found 27 up-
regulated and 43 down-regulated genes in A549E6 (HPV-16 E6) compared to AS549. The major
up-regulated genes were as follows. GTPase-activating protein Rho 4, transcription factor D2, IKAROS,
integrina 6, cadherin 11, ephrinfy 2, RAN binding protein 2, branched-chain amino transferase 2. The
major down-regulated genes were as follows. K-ras 2, CDC (cell division cycle) 37, CDC16, CDC7L1, IRF3,
interferon-vinducible protein 30, cadherin 6, desmoglein 1, desmocollin 2, endothelin 2. Also, we found 48
up-regulated and 34 down-regulated genes in RC10.1 (HPV-16 E6) compared to RKO. The major
up-regulated genes were as follows. Colon cancer familial nonpolyposis type 1 (COCA 1), Bel 2, jagged 1,
MAP2K6, E2F1, ephrin receptorf 2, ephrinf 2, desmoglein 1, transforming growth factorff 3. The major
down-regulated genes were as follows. KIT, Rad51C, Bcl 2 antagonist killer 1, STAT 4, epidermal growth
factor receptor, high mobility group protein 2, cadherin 11, cadherin 12, cadherin 3, integrina 1, intergrina
8, chromosome segregation 1-like.

Conclusion : Various expression patterns of cellular genes by HPV-16 E6 could be wholy grasped and
classified into different functional groups using both cell line system stably expressed HPV-16 E6 and cDNA
microarray analysis. These analysis methods must be helpful to understand multiple effects of a specific gene
on cellular genes in a short period.
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Table 1. Oligonucleotide primers used for RT-PCR analysis
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LXSNZ} pCMVneool 27t cloningdl, wild-type p53°©]
45 o2 ¥ == human lung adenocarcinoma cell line
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primers= Table 13 7T},

Primer Sequences (5° to 37) Orientation
A549/A549E6-T GGC TCG AGG CCA CCA TGT TTC AGG ACC CAC AGG sense
A549/A549E6-B GGT CAT TAA TCT GCA ACA AGA CAT ACA antisense
RKO/RC10.1-T GGC TCG AGG CCA CCA TGT TTC AGG ACC CAC AGG sense
RKO/RC10.1-B GGG CTA GCT CAT TAC AGC CTG GGT TTC TCT AC antisense
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Fig. 1. RT-PCR analysis of HPV-16 E6 gene expression in stable cell lines. (A) Comparison between lung adenocarcinoma cell
line A549 and HPV-16 E6 transfected lung adenocarcinoma cell line A549E6. Lane 1: HPV-16 E6 in A549, lane 2: HPV-
16 E6 in A549E6, lane 3: GAPDH in A549, lane 4: GAPDH in A549E6. (B) Comparison between colon adenocarcinoma
cell line RKO and HPV-16 E6 transfected colon adenocarcinoma cell line RC10.1. Lane 5: HPV-16 E6 in RKO, lane 6:
HPV-16 E6 in RC10.1, lane 7: GAPDH in RKO, lane 8 GAPDH in RC10.1.
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Fig. 2. The expression patterns in HPV-16 E6 stable cell lines. (A) Lung adenocarcinoma cell line A549 (Cy3) and HPV-16 E6
transfected lung adenocarcinoma cell line A549E6 (Cy5). (B) Colon adenocarcinoma cell line RKO (Cy3) and HPV-16 E6
transfected colon adenocarcinoma cell line RC10.1 (Cy5).

= 22 g EZA B8 e 2ol2 YehE § %7 ol 41 RAN binding protein 2 (RANBP2) TJA}A ol 4]
AAES 7|5HLZ 11I7HAY U2 B/t AolH branched-chain amino transferase 2 (BCAT)7} ARt} &
S HuE F AAT (Table 2-5). F 7Y AFEFA U3 ZHAaE Hd FAS Hole= FAE endothelin
ToslA 2718 0E PGS Hol= SARE AAL 9 2 (EDN2), M3 F7]A9ll A inhibitor of DNA binding 2
A}l A transcription factor D2 (TED2), A% A A o)A (ID2), 215 A=A A regulator of G protein signaling 4
GTPase-activating protein, Rho 4 (ARHGAP4), @il d &= RGSH7} A3t

Table 2. Genes down-regulated in A549E6 by HPV-16 E6 gene transfection

Oncogenes ARHGEF5 (Oncogene TIM), KRAS2
DNA repair / Apoptosis CRADD (CASP2 and RIPK1 domain-containing adaptor with death domain), TP53BP1, LTB (Lymphotoxin-beta), LTBR
Cell cycle CDC37 (Cell division cycle 37), CENPF (Centromeric protein F), CDC16, CDC7L1, ID2 (Inhibitor of DNA binding 2)

NFKBIA (Nuclear factor of kappa light chain gene enhancer in B cells inhibitor, alpha), PRKCLI (protein kinase C-like
Signal transduction 1), FLT4 (FMS-like tyrosine kinase 4), GABBR1 (GABA-B receptor 1), PAK1 (p21/CDC42/RAC-activated kinase 1),
RGS4, ARHA (Ras homolog gene family, member A)

Gene regulation RBBP5 (Retinoblastoma-binding protein 5)

ISG20 (Interferon-stimulated gene, 20-kD), IRF3 (Interferon regularatory factor 3), TAPBP, IL7, MST1 (Macrophage

une response stimulating 1), Interferon-gamma-inducible protein 30

CDH6 (Cadherin 6), COL4A3, TUBGI, LAMCI (Laminin, gamma-1), CELSR2 (Cadherin EGF LAG seven-pass G type
receptor 2), Desmoglein 1, Desmocollin 2, COL18A1, CDHS5, Desmocollin 1, LICAM (L1 cell adhesion molecule)

Adhesion
Translation EIF5, GARS (Glycyl-tRNA synthetase), PRKR (Protein kinase, Interferon-inducible double stranded RNA activated)
Biosynthesis /| metabolism CRAT (Cartinine acetyltransferase)

Redox controlling Thioredoxin reductase 1, GSTA2 (Glutathione S-transferase, alpha-2)

Other proteins Endothelin 2
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Table 3. Genes up-regulated in A549E6 by HPV-16 E6 gene transfection

Oncogenes

Cell cycle

Signal transduction

Gene regulation

Immune response
Adhesion

Angiogenesis

Protein transportation
Translation

Biosynthesis / Metabolism
Redox controlling

Other proteins

YES1 (v-yes-1 yamaguchi sarcoma viral oncogene), APC (Adenomatous polyposis of the colon)

CDC10

EPS15 (Epidermal growth factor receptor pathway substrate-15), CLK1 (CDC-like kinase 1), Suppressor of cytokine
signaling 3, ARHGAP4 (GTPase-activating protein, Rho, 4), KDR (Kinase insert domain receptor), PLAUR (Plasminogen
activator receptor, urokinase-type), FKBP8

TFDP2 (transcription factor D2), IKAROS

NFATC1 (Nuclear factor of activated T cells, cytoplasmic, 1), NFIL3 (Nuclear factor, Interleukin 3-regulated), ILISBP
ITGA6, CDH11, EENBI, Fibrillin 1, Keratin 13

PCOLN3 (Procollagen, type 3, N-endopeptidase), MMP2

RANBP2 (RAN binding protein 2)

PTBP1 (Polypyrimidine tract-binding protein 1), EEF2 (Eukaryotic translation elongation factor 2)

BCAT (Branched-chain amino transferase 2)
GSTT1 (Glutathione S-transferase, theta-1)

SPARC (Secreted protein, acidic, cysteine-rich), BLMH (Bleomycin hydrolase)

Table 4. Genes down-regulated in RC10.1 by HPV-16 E6 gene transfection

Oncogenes

DNA repair / Apoptosis

Cell cycle

Signal transduction

Gene regulation

Immune response

Adhesion

Translation

Protein transportation
Biosynthesis / Metabolism
Redox controlling

Other proteins

KIT, MYCN (v-myc avian myelocytomatosis viral-related, neuroblastoma-derived oncogene), MPL (Myeloproliferative
leukemia virus oncogene)

ERCC3, RAD51C, BAK1 (Bcl2 antagonist killer 1), Harakiri
PLK (polo-like kinase), MKI67 (Proliferation-related ki-67 antigen), ID2 (Inhibitor of DNA binding 2)

STAT4, RGS4 (Regulator of G protein signaling 4), MAPK11, ARHGDIB (Rho GDP-dissociation inhibitor beta), RGS3,
EGFR (Epidermal growth factor receptor), TNFRSF12 (Tumor necrosis factor receptor superfamily, member 12)

HMG?2 (High mobility group protein 2), COPEB (Core promoter element-binding protein)
LIF (Leukemia-inhibitory factor), BTK (Bruton agamma-globulinemia tyrosine kinase)

CDHI11 (Cadherin 11), CDHI2, CDH3, COL8AI (Collagen type 8 alpha 1), ITGA (Integrin alpha 1), ITGAS, EFNBI
(Ephrin B1)

PPKR (Protein kinase, Interferon-inducible double stranded RNA activated), PTBP1 (polypyridmidine tract-binding protein 1)
CSEIL (Chromosome segregation 1-like)

CTSL (Cathepsin L), GAPD (Glyceraldehyde-3-phosphate dehydrogenase)

AKRIC2 (Aldo-keto reductase family, member 2)

EDN2 (Endothelin 2)
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Table 5. Genes up-regulated in RC10.1 by HPV-16 E6 gene transfection

Oncogenes

DNA repair [ Apoptosis ~ DDB2 (DNA-damage binding protein 2)

Cell cycle E2F5

BRAF, PKD (Polycystic kidney disease 1), COCA1 (Colon cancer familial nonpolyposis, type 1), ELK1, Bcl2

CHAFIA (Chromatin assembly factor 1 subunit A), STK12 (Serine/Threonine protein kinase 12), CCND2 (cyclin D2),

JAG]I (Jagged 1), ARHGAP4 (GTPase-activating protein, Rho, 4), TRAF6 (TNF-receptor associated factor 6), ILK (Integrin

Signal transduction

linked kinase), MAP2K6, EPS15 (Epidermal growth factor receptor pathway substrate-15) TNFRSFIB (Tumor necrosis

factor receptor subfamily, member, 1B), TNFRSFIA

Gene regulation

Immune response

Adhesion

TFDP2 (transcription factor D2), RB1, NSEP1 (Nuclease-sensitive element-binding protein 1), E2F1
IL10RB (Interleukin 10 receptor, beta), IL1A, ILI11

Vitronectin, ITGB3, Tubulin alpha 2, LAMC1 (Laminin, gamma-1), TBCC (Tubulin specific chaperone C) , EPHB2 (Ephrin

receptor EphB2), COL16A1 (Collagen type 16 alpha 1), EFNB2, Desmoglein 1

Cell growth / Angiogenesis

Protein transportation

Biosynthesis / Metabolism (Branched-chain amino transferase 2)

Redox controlling GSTP1, GSR (Glutathione reductase)

TGFB3, CYR6!1 (Cysteine-rich, angiogenic inducer, 61), MMP1, TEK (Tek tyrosine kinase, endothelial), TIMP2, TIAMI1
(T cell lymphoma invasion and metastasis 1)

PSCD2 (Pleckstrin homology, Sec7, and Coiled coil domains protein 2), RANBP2 (RAN binding protein 2)

CRAT (Cartinine acetyltransferase), LDHA (Lactate dehydrogenase-A), PPBP (Pro-platelet basic protein), BCAT
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