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Introduction

Cervical cancer is the second most common cancer diagnosis in women worldwide, with approximately
500,000 cases and over 200,000 deaths annually. Oncogenic variants of human papilloma virus (HPV) have
been correlated with cervical cancer at a frequency of > 99%, and also cause penile/anal and head and neck

cancers. We have recently determined that all oncogenic E6 proteins bind to the PDZ protein MAGI1-d1 MASH ?
while E6 proteins from non-oncogenic variants do not bind to PDZ proteins. The interaction of oncogenic E6 \
proteins to MAGI1-d1 is critical for both HPV-induced carcinogenesis and for maintenance of the cancerous JN%( .

state in HPV-positive cells.

Our central hypotheses for this study are that (1) HPV-mediated oncogen
between the HPV-E6 protein and the cellular PDZ protein MAGI1 and (2) inhibitors of this interaction cJun-@
will be effective cervical cancer therapeutics. In support of these hypotheses, we first provide evidence that

3

all oncogenic E6 variants bind to MAGI1. We then demonstrate a pathway by which E6-MAGI1 binding via
JNK activation leads to enhanced cellular production of E6, which in turn causes p53 degradation and /N 1
oncogenesis. Then, to identify small molecules that bind MAGI1-d1, a total of approximately 650,000 test L
compounds from the Chemical Diversity Library (ChemDiv, San Diego CA) and the Blanca Pharmaceutical e i owre ot e bR-5
Library (Blanca Pharmaceutical, Mountain View CA) were screened virtually, and 184 small molecules were HPV-EG promoter R-6 P
selected from the “possible hits lists” for experimental testing. The 184 small molecule compounds identified | o
computationally were tested in vitro via a competitive colorimetric ELISA for inhibition of the MAGI1-E6 (E6)(E6)(E6) (E6
interaction. Small molecules were screened for inhibition of the interaction between the C-terminal peptide of !
E6 and MAGI1. A reduction in OD at 450 nm by a small molecule was interpreted as blockade of binding of @ |
the labeled E6 peptide (bound biotinylated E6 peptide yields yellow color via binding to HRP-streptavidin). @RS T, '

AVC-7 was one of the three compounds that inhibited the interaction of HPV-E6 with MAGI1 with an
IC50 of 87 pM. Inhibition by AVC-7 was PDZ specific: e.g., it did not inhibit ligand binding to Shank1, or
individual domains of PDZ-PSD95 (data not shown). Finally, we show that AVC-7 reduces E6 protein levels . . N . .
and restores p53 levels in HPV-infected cancer cells, inducing their apoptosis. The activity of this initial small .%'i;l, “S,i:‘h?,.f;: C::;?:;ai{; ;*;f;?adgﬁﬁnipnﬁfw‘n’;fﬁ;"ms E,ﬂﬁf};”:'éfe,‘,’nfm'ﬁ'f ;‘;{;EZO}
molecule is highly structure specific, suggesting the potential for its derivatization to yield a human cancer activation of JNK/AP-1 pathway. AP-1 activates the E6 HPV18-E6. (PDB identification [ID]
therapeutic. promote_r resu\tingvin increased E6 expressiQn._!n tpm, E6 no. 2104).

protein interacts with p53 to promote p53 ubiquitination and

degradation. Continuous expression of E6 in infected cells is
maintained by a positive feedback loop initiated by the E6-
MAGI1 interaction. The binding of AVC-7 to MAGI1's PDZ

Res u Its domain stops this feedback loop.
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Fig. 5. Basal JNK activities and expression levels in the HPV-negative cervical cancer cell
Fig. 3. MAGI-d1 binds all oncogenic E6 proteins while DLG1 only N . . . line C33A and six HPV-positive cervical cancer cell lines. JNK activity was measured by
binds a subset of them. Biotinylated C-terminal peptides (2 uM) M ) M.AGH and DLG1 protein Ie_vels n HPV'POS"'VE or HPV- reacting cell lysates with [y-32P] ATP in the presence of recombinant GST-cJun protein. The
corresponding to the indicated HPV types were tested for binding to negative cervical cancer cells and cervical cancer biopsy. Total cel reaction mixture was separated by SDS-PAGE and incorporation of 32P into GST-‘cJun
MAGI1 and DLG1 (in addition to other PDZ proteins; not shown) via lysates analyzed by Wester blot. (B) Cells were transiently transfected visualized by autoradiography and quantified by Phosphorimaging. JNK expression was
a modified ELISA assay. Y-axis indicates yel\owy color resulting with pmkit-HA-EG, pmkit-HA-EGAPL or the control pmkit-HA expression measured by Western. Di in JNK jon were not signi and do not
" P vector. Shown are MAGI-1, DLG1 and the E6 protein expression levels. g N s v
from PDZ-ligand binding. account for differences in JNK activity.
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Fig. 7: The effect of AVC-7 on the expression of oncogenic incubated with control solvent or increasing concentrations of AVC-7 for 16 h. P53
proteins E6, E7 and p53 in HPV-positive CaSki cells. Cells was stained with a specific antibody and visualized by using the DAB substrate.

N o ) . § . were incubated with growth media alone (Co), vehicle (B) AVC-7 induces selective apoptotic cell death in HPV18-positive cell line HeLa
ﬂGQ_GC /tvc'_7 'rh'b'ts‘_;he z’;ﬁe:_ﬁc‘l'ot" :ftMAGHbSI PDdZ(d"tf"a')" a'_':g control (DMSO, D) or increasing concentrations of AVC-7 for while the HPV-negative cancer cell line C33A was not affected. DNA fragmentation
E6's C-terminal peptide (biotinylated to enable detection) wi 24 h. Cell lysates were analyzed by Western blot. p-tubulin was measured using the DeadEnd Fluorometric TUNEL system from Promega.
increasing concentration (IC50 = 87 uM). was used a loading control. Data is representative of two independent experiments.

CO n CI u S I O n = These results suggest that specific targeting of E6-MAGI1 interaction by AVC-7 leads to selectively induce apoptosis in HPV-positive

cervical cancer cells. Further optimization of AVC-7 is a promising strategy to increase selective apoptotic cell death of cells transformed by high risk HPV. An
optimized derivative of AVC-7 with improved potency can be a potential therapeutic agent to treat pre-cancerous and cancerous lesions caused by oncogenic HPV

infection.
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