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|nterferon-inducible genes are major targets
of human papillomavirus type 31: Insights
from microarray analysis
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Human papillomavirus (HPVs) are smal DNA
viruses that infect epithelial tissue. More than 70 sub-
types of HPV have been identified to date and they ex-
hibit specific tropism to variousregion of the body [11,
19,33]. Genital HPVs can be divided to high-risk
and low-risk groups[19]. The high-risk genital HPVs
(HPV 186, 18, 31, 33, and 54) are the etiological agents
of cervical cancer, whereas low-risk HPV's (HPV6 and
11) are associated with common genital warts. Cervi-
cal cancer isthe second most common cancer in women
worldwide, resultingin 500,000 new casesand 200,000
death every year. Because of the lack of the access to
routine Pap smears, cervical cancer remains adevastat-
ing disease in devel oping countries[15].

The genome of HPV s encodes only 8 to 10 proteins.
The virus must therefore depend on basic cellular ma-
chinery to modulate cellular activitiesin favor of viral
replication. As a result, the interaction of viral pro-
teins with the host proteinsis essentia for vira repli-
cation. The best known examples include the interac-
tion of oncoproteins E6 and E7 of high-risk HPVswith
p53 and pRB, respectively. These interactions result
in degradation and inactivation of p53 by E6 [12,26,
27], and inactivation of pRB by E7, resulting in altered
regulation of E2F-inducible genes [5,8,20]. In addi-
tion to E6 and E7, HPV E2 protein has been shown to
have transactivation/repression activity by binding to
specific recognition sequences [3,21], and E5 protein
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has been shown to enhance signal transduction through
the EGF and PDGF receptors [16]. Such alterations
are likely to have significant effects on cellular gene
expression. An understanding of the virally induced-
changes in cellular gene expression would shed light
on HPV vira life cycle and pathogenesis.

The HPV viral life cycle can be divided into at least
two stages. Thevirus establishes|atent infectionin the
basal layer of epidermis following primary infection.
Upon keratinocye stratification and differentiation, the
viral genome is amplified and late structural genes are
synthesized, which leads to virion maturation [7]. Be-
cause of the requirement for differentiation at the late
stage of viral life cycle, the lack of a good in vitro
tissue culture system to propagate the virus has been
a major hurdle in HPV research. Recently, a tissue
culture model that mimics the latent stage of HPV in-
fection has been developed [7,23]. Cloned HPV 31
and HPV 18 genome have been used to transfect nor-
mal human keratinocytes (NHK) resulting in cell lines
that exhibit characteristics of basal keratinocytes in-
fected with HPV. Once induced to differentiate, these
cell lines are able to activate late viral functions and
produce virions [10,23]. This system provides an ex-
cellent model to investigate virus-cell interactions un-
der physiologically relevant conditions. We have been
interested in examining cellular changes at the tran-
scriptional level during the first stage of infection by
HPV31. Our experimental approach has been to com-
pare the transcriptional profile of keratinocytes con-
taining transfected HPV 31 genome, with that of nor-
mal keratinocytes by microarray analysis [13,32]. In
order to avoid any variation resulted from specific ge-
netic background, HPV 31 cells were compared with
uninfected keratinovytes from the same donor.

Microarray analysis was performed with an array
containing 7,075 expressed sequence tags (ESTS), in-
cluding 4,000 known genes (InCyte Human UniGem
V). We observed that expression of most of the ESTs
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Table1
Genes whose expression was altered by more than 2.4-fold

Genebank Gene name Diff. Genebank Gene name Diff.

expr. ID expr.

M33882  myxovirus (influenza) resistance 1 —11.5 X04741 ubiquitin carboxyl-terminal esterase L1 +3.2
X67325  interferon-alphainducible 11.5 KD protein —10.1 V00571  corticotropin releasing hormone +3.1
X03557 interferon-inducible protein 56 —9.6 T91294 ESTs +3.1
W76205 ESTs —6.9 X16832  cathepsin H +2.9
S73288 small proline-rich protein SPRK —5.4 M69199  human GOS2 gene +2.9
M20030  human small proline rich protein (sprll) —5.1 M73548  adenomatosis polyposis coli +2.9
W73855  ESTs —39 AAO085711 ESTs +2.8
U65590  interleukin 1 receptor antagonist —3.9 AAA477828 ESTs +2.8
133404 protease, serine, 6 —3.8 AA705034 ESTs, weakly similar to reverse transcriptase +2.7
M34715  pregnancy specific beta-1-glycoprotein 7 —3.6 R55750 ESTs +2.7
X04470  secretory leukocyte protease inhibitor —3.6 AA018443 ESTs +2.7
M87284  2'-5' oligoadenylate synthetase 2 —35 W67951 ESTs +2.7
AA741307 ESTs —3.5 AA731863 ESTs +2.7
M97935  signal transducer and activator of transcription-1 AA134111 ESTs +2.6
alB —3.5 AA705184 ESTs +2.6
Y00630  plasminogen activator inhibitor type Il —3.4 AA524538 succinate CoA ligase, ADP-forming, beta subunit +2.6
133930 human CD24 gene —3.3 AAG633231 ESTs +2.6
Jo4164 interferon-inducible protein 1-8U —3.3 AA040834 ESTs, weakly similar to collagens +2.6
U50931  defensin, beta-1 —32 H18233  ESTs +25
X59770  interleukin 1 receptor, typell —3.2 AA150502 ESTs +2.5
M95787  transgelin —3.2 AAL75973 ESTs +2.5
X99133 neutrophil gelatinase-associated lipocalin precursor —3.1 AIl033548 ESTs +2.5
X74330  primase, polypeptide 1 —3.0 W15253 ESTs +25
X56807  desmocollin 2 —29 N57571  ESTs +25
X82200  human Staf50 mRNA —2.8 R55697 ESTs +25
M30818  myxovirus (influenza) resistance 2 —2.8 D83884 ESTs +2.5
U92314  sulfotransferase family 2B, member 1 —2.7 N22132 ESTs +25
u09364  zinc finger protein 136 —2.6 AA425325 ESTs +25
X04327 2,3-hisphosphoglycerate mutase —2.6 AAB805921 ESTs +2.5
u72882 interferon-inducible leucine zipper protein (IFP35) —2.6 AAL27448 ESTs +25
X 86809 phosphoprotein enriched in astrocytes 15 —2.6 AA134926 ESTs +2.4
785996 CKIl (p21) —2.6 AA683531 ESTs +2.4
L 06895 MAX dimerization protein (Mad) —2.5 AA648117 ESTs +2.4
M22612  trypsinl —2.5 AA733074 ESTs, weakly similar to C15H9.5 (C.elegans) +2.4
U79725  human A33 antigen precursor —25 AA280262 ESTs +2.4
AJ000480 C8FW phosphoprotein —25 N52534 ESTs +2.4
M77830  desmoplakin | and Il —25 U39905  solute carrier family 18 +2.4
X89960  mitochondrial capsule selenoprotein —25 AAO056410 ESTSs, weakly similar to IgE receptor beta subunit +2.4
X57348 stratifin —25 AA190841 ESTs +2.4
M23263  androgen receptor —2.4 AAB46757 ESTs +2.4
AA100757 ESTs —24 H98977 ESTs +2.4
AF013970 myeloid translocation gene-related protein 1 —2.4 N49233 ESTs +2.4
AB001928 cathepsin L2 —24 AAB57324 ESTs, highly similar to cytochrome P450 IVA2 424
X13916  low density lipoprotein-related protein 1 —2.4 Nb51427 ESTs +2.4
L 34155 laminin, alpha 3 —2.4 Al025984 ESTs +2.4
V01512  v-fos FBJ murine osteosarcoma viral oncogene R68857 ESTs +2.4
homolog —2.4 J04456 galectin 1 +2.4

X97198  receptor phosphatase PCP-2 —2.4 N34956  frizzled homolog 7 +2.4
u04343 T lymphocyte activation antigen CD86 precursor +2.4

Diff. Expr., Differential Expression. “—" indicates suppression and “+" indicates activation of expression in HPV 31 cells.

was not changed by the presence of HPV genes. How-
ever, the expression of 178 ESTs (2.5% of total ESTs
examined) was increased by between 2 to 3 fold by
HPV31, with no activation more than 3.2 fold ob-
served. In addition, the expression of 150 ESTs (2.1%)
was decreased by at least two fold in HPV31 cells,

with the largest change being 11.5 fold. The an-
notations of genes that were affected by more than
2.4 fold are listed in Table 1. The entire list of
genes examined and the level of differential expres-
sion in normal and in HPV31 cells can be found at
http://bugs.mimnet.nwu.edu/laimins lab/chang [4].
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From this analysis, the genes that were up-regulated
in HPV 31 cells were found to be ESTs with unknown
functions, and the small number of known genes that
wereincreased at significant level arealso listed in Ta-
ble 1. However, the number of genesin that category
is not large enough for us to discern any pattern of ac-
tivation of specific families of genes. Notably, no E2F,
or E2F inducible genes were activated significantly in
HPV31 cdlls.

In contrast to genes that were up-regulated, it was
simple to identify families of genes down-regulatedin
HPV31 cells. These can be divided into three cate-
gories: genesthat arenegativeregulatorsof cell growth,
genes that are specifically expressed in keratinocytes,
and genesthat areinduced by interferon (IFN). Thefirst
category includesp21, Mad and transgelin. Theexpres-
sion of p21isdependent on p53, and itsreduced expres-
sion is consistent with the fact that high-risk HPV E6
protein inactivates p53 and thereby reducesthelevel of
p21 expression [9]. Mad interacts with Max and antag-
onizesthe proliferating effect of Myc/Max complex [1]
which may play arole in activating telomerase [30].
Transgelin is a gene that is highly expressed in senes-
cent cells, though the function is still not clear [28].
The second category we found to be repressed includes
small proline rich protein SPRK, and Sprll, defensin,
desmocollin2, desmoplakin, and stratifin[14,17,22,24,
29,31]. Therole of these keratinocyte specific proteins
in HPV pathogenesisisnot clear. One can envisionthat
by atering the expression of these genes, the cellular
environment of the natural host of HPV is therefore
changed in termsof responseto stress, cell-cell contact,
and altered differentiation program.

The third category of genes repressed by HPV in-
cludesthose involved in the interferon pathway. These
genesrepresent at least 14% of thetotal genesthat were
negatively regulated by 2.3 fold or morein HPV31 in-
fected cells. Thisgroupincludes genesthat showed the
strongest changes: myxovirusresistance 1 (MxA, 11.5
fold), IFN-a-inducible 11.5 KDa protein (10.1 fold),
and IFI 56 (9.6 fold). Among the IFN-inducible genes
affected by HPV infectionisthe major regulator of IFN
responsive pathway, Stat-1 (Signal Transducer and Ac-
tivator of Transcription 1, which was repressed by 3.5
fold) [6]. Down-regulation of the basal level expres-
sion of IFN responsive genesin HPV 31 cells could be
largely theresult of reduced basal level of Stat-1 expres-
sion. Further analysis has demonstrated that HPV 31
cells showed a delayed response to IFN-« in terms of
the induction of Stat-1 and MxA RNA. However, upon
longer exposure to higher does of I1FN-«, the response

reached the same level as in uninfected cells. It has
been shown that high-risk HPV s interfere with the IFN
response in several ways, by blocking interferon syn-
thesis[25], or by blocking the function of Stat-1 post-
trandationally [2,18]. However, suppression of basal
level of Stat-1 expression by HPV has not been reported
previously, although Stat-1 activity can be regulated at
a post-traslational level. The reduced basal level of
Stat-1RNA and protein did provide an advantage for
HPV replication by delaying the cellular response to
interferon. This delay could be very significant for the
virusin evadingimmune surveillance. It has been pos-
tulated that reduced level of Stat-1 may also contribute
to tumor progression. We are currently investigating
themechanismof Stat-1 genesuppression. Preliminary
data suggested that both Stat-1 promoter inactivation
and Stat-1 protein turn over rate may play important
rolesin regulating Stat-1 activity in HPV31 cells. The
roleof individual viral genesin these processesisbeing
examined.

These studies demonstratethe utility of applying mi-
croarray analysis to HPV positive cells. Such stud-
ies can identify new markers of vira infection and
potentially prognostic markers of disease progression.
A more thorough analysis of biopsy materials and
changesinduced by other HPV typesis needed to make
the studies complete.
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