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0O%Benzylguanine Inhibits Tamoxifen Resistant Breast Cancer Cell Growth
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and Resensitizes Breast Cancer Cells to Anti-Estrogen Therapy

Joshua Smith', George C Bobustuc', Rafael Madero-Visbal', Jimmie Colon*, Beth Isley', Jonathan Ticku’, Kalkunte S.

Srivenugopal and Santhi Konduri'

Endocrine therapies using anti-cstrogens are least toxic and very effoctive for breast cancers, however, tumor resistance o
tamoifen nemaing o stumbling bleck for suceessful therapy, Based on our recent study s the involvenient of the DNA repa
protein MGMT in pancreatic cancer (Clin Cancer Res. 15, 6087, 2000), here, we whether MGMT

mediates we ined whether administration of MGMT inhibitor [0*benzylguanine
(BGY] at a non-toxic dose ulone or in with the anti ifen/ful ) curtails human tamoxifen
resistant breast cancer cell growth. Further, we also determined mhellbn BG sensilizes breast cancers to tamoxifen using
tamoxifen resistant cells.

MGMT expression was found to be increased in breast cancer cells rlative to normal breast epithelial cells, Also, MGMT
levels were significantly higher in tamoxifen resistant MCF-7 compared to the parent cells, Silencing of the ER-o ncp.wiun
using a specific sIRNA resulted in augmentation of MGMT mRNA and protein levels by 2 fold. We also ohserved an inverse
correlation between MGMT and p53 levels in breast cancer cell lines; moreover, p53 duwmu,u\auon was accompanied by
mcml:ml Mf‘!l'[ 1lx|l:\~$ﬂnn Other tmrmmll-ﬂ showed that BG slone or BG in or

Re wherea alone and alone increased and dﬂr\.licd the same respectively.
However, al] these treatments :Mmll the p21™" mRNA and protein expression significantly. BG inhibited tamoxifen
resistant breast cancer growth in o dose- dqx-mdmt manner an and it also resensitized resistant breast cancer cells to anti-
estrogen therapy (TAM/ICI). Th C release and the PARP cleavage, indicative
of apoptosis. Tn breast cancer BG alone or a of BG with ifen or caused i
tumer growth delay and immunchistochemistry revealed that BG inhibiled the expression of MGMT, ER- ¢, ki-67 and
increased pay ining. These findings suggest that MGMT inhibition may provide a novel and effective approach for
overcoming tamoxifen resistance.

Recent advances in breast cancer rescarch have identified key pathways imvelved in the repair of DNA damage induced by
chemotherapeutic agents. The ability of cancer cells to recognize DNA damage and initiate DNA repair is an important
mechanism for therapeutic resistance and has a negative impact on therapeutic efficacy. A number of DNA-damuging
alkylating agents attack the nucleophilic 0" position on guanine, forming mutagenic and highly cytotoxic interstrand DNA
crosslinks, The DNA repair enzyme O®-alky ine DNA alkyl (AGT), encoded by the gene MGMT, repalrs
alkylation at this site and is responsible for protecting both tumor and normal cells from alkylating agents. MGMT is
expressed constitutively in normal cells and tissues. 1n breast tumors, MGMT gene expression is elevated and levels are up
to g-fold higher than in the s been shown that tamoxifen acoelerates proteasomal

c normal beeast, Interestingly,
degradation of MGMT in Iwm:m Cancer u-'l . In 1901, Prn:, \lusrhtl and Dolan ubsrmd Ilul 0 benzvlguanine (BG)
mhll:nled AGT and p l the of both agents and agents. In a series of

i they fully i the i between BG and AGT and its llwrlpmm impact. They
showed that BG binds AGT, transferring the benzyl moiety to the active-site cysteine [20]. The resction is very rapid and
mare potent than any ether previously known AGT inhibitor. BG is not incorporated into DNA in living cells and reacts
directly with both cytoplasmic and nuclear AGT. Because BG s a psuedosubstrate for MGMT which results in the covalent
transfer of benzyl group to the active site eysteine, the MGMT protein is degraded after each reaction. This stoichiometrie
reaction mechanism effectively depletes the AGT content in tumors and the associated repair of alkylation damage. BG is
currently undergoing clinten] trials in various cancers to inerease the efficaey of alkvlating agents.

Inmesllnn\\' several observations suggest an inverse correlation between the levels of MGMT and p53 tumor suppressor
proteing where wild-type psz suppresses transeription of human MGMT expression. Unfortunately, ps3 function is often
inactivated or suppressed in human cancers; therefore, restoration of wl-p53 activity is essential for the success of some
trealments. However, whether or not this is mediated by bon of MGMT exy ion Bas yel 1o be d i To

O*-Benzylguanine Plays a Dual Role in Tamoxifen Resistant MCF-7 Cells: Contrasting with the experiments above, next, we

studied whether or not knocking dew MT has any effect on ERe transeription. As expeeted, knocking down MGMT decreased

MGMT gene transcripts.  However, it was interesting 1o find that ERa gene transcription was also reduced after MGMT silencing,

(Fig2F). These data demanstrate that BG has the ability to attenuate the not anly the MGMT, but alsa the ERa transcription, indicating

a possible dual role For MGMT blockers in these breast cancer cells.
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date, the eross-talk between MGMT and ER-alpha (and the link to p5y expression) has not been explored in drug G
tamaoifen) resistant hnﬂ:m umors. The a is the maost v used treatment for patients with
i mst cancer. .quhm.,,h many patients benefit from um..m!m in the adjwvant and metastatic

peutic agent ks an imp clinical problem. The pritary goal of present study
of drug resistance and to design new therapeutic strategies for

m results show that MGMT expression it increased in TAM-resistant breast cancers and
improves T

MGMT Expression: We developed a tamoxifen resistant MCF-7
cc!i lme by using pmhngrd treatment of tamoxifen on the parental ER-positive breast cancer cell line, MCF-7,

circumventing this resistance,
inhibition of MGMT by BG

06 Iguanine Modulates pgy Down-St Targeted Protein Expressions: Encoursged by the results reported, we

i 1 the effect of combination therapy on ends MGMT, p53, and ERa protein mpmeuum As expected, BG decreased
MGMT om, while ination therapy (4-0H-TAM or ICT bined with BG) d both MGMT and ERu
expressions. BG alone or in bination with ifen or 1C1 d d ER-a whereas ifen alone and 1C1 alone

increased and decreased the same respectively (Fig.3a). mnmiun was slightly altered after ICI treatment. The reduction in ps3
expression by IC] alone was reversed when BG was combined (Fig 2A). We investigated the effect of BG on proteins which are involved
in cell cycle regulation, apoptosis in tamoxifen resistant breast cancer cells. All these treatments significantly increased the paie
protein expression (Fig.3B). PUMA expression was also increased with these treatments. Hence, PUMA may have translocated to the
mitochondrin, cytochrome € s reloased (FigaB), and apaptosis was triggersd in these cells in presence of combination therapy, PARP
cleavage is seen in BG treated cells in presence of stavrosporin as an indicative of apopiosis (Fig.aC). Therefore, this data suggest that

O6-Benzylguanine Modulated Transcriptional Targets

in Tamoxifen Resistant Breast Cancer Cells: The effecy [ —

MCF-7 cells p al rates smm]ar to the parental MCF-7. Prolonged treatment of

onte MCF-7 cells increased MGM I' | to parental MCF-7 cells by 2 fold (Figa).

Down ERo MGMT i i

Breast Cancer Cells: 1t is not known wh'llul ERce nnd MGMT Inumcnp!lun:l.]\
regulate each other in tamoxifen resistant breast cancer cells, We therefore investigated
whether down regulation of ERa has any effect on endogenous MGMT expression in
these cells. As expected, downregulation of ERe using specific siRNA significantly
meduced ERG protein bevels in these cells. Western blot analysis was performed and the
resulls in the lefl panel (Fig. 2A) shows that silencing of ERa increases MGMT
expression in these cells, and interestingly, the results in the right panel (Fig-2B) show
increased MGMT mRNA levels were increased as assessed by qRT-PCR. These daia
suggest that ERa-mediated signaling functions to repress MGMT gene expression in
breast cancer cells.

TAM resist. MCF-7

MCF-7 cells

Transeriptional Regulation Between MGMT and p53: Provieusly, it was reported
that p5g negatively regulates MGMT in breast eancer cells, Therefore, we addressed
whether or not silencing the ps3 enhances endogenous MGMT trenscription. Tamoxifen
resistant MCF-7 cells were transfected with either ps3 siRNA  (p53-KD) (Fig.2C) or
MGMT siRNA (MGMT-KD) (Fig.2D) along with Nomspecific siRNA (NS), MGMT
expression was consistently increased in ps3 knock down cells, with different
experiments showing a - fold augmentation (Fig. 240 and as expected, knocking down
MOMT decreased MGMT transeription where as ps3 mRNA levels were unaifected in
MGMT knockdown cells (Fig.2D). These resulls confirm that ps3 can regulate MGMT at
the transeriptional level,

Figure 1. MEF-7 juvntal o
resistant MCF7 -ll peliets

oot e
epevion wi detoced by ke
analysis. Tamasifen resiskant MUT-7 brrast
esneer cells sigaiflcantly increased MGMT
expeession, compared be MCF-> purestal
ol

of ination therapy on MGMT mENA levels
wi aso stuid. Quantitative real-time PCR (qRT-PCR) resulted
that anti-estrogens (TAM/ICT) increased the MGMT

while the therapy it
compared 1o control levels. ERa transcription was. amm.i
compared to controls with all these treatments (Figgqa).
Surprisingly, pz1 and PUMA mRNA was significantly
increased in the presence of combination treatasents (Fig.4B
&C). These results suggests that ps3 mediated targel gene
transcription was affected e drug combinations in breast
cancer cells (Fig. 3 & 4).

16 promotes vell cyele arrest and can induce apoptosis by modulating ps3 Function.
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Activity in Tamoxifen Resistant Breast Clnmr Cells: . -

In order to investigate the effect of BG on ps3 function, we i

performed Tuciferase reporter assays,  Tamexifen resistant ] — !"'

MCF-7 breast cancer cells were transfected with p2i lue I | -

promoter construct in presence or absence of BG (rget gene §° b

of psyl  These results clearly demonstrate that BG ' i

igni Iy enhanced pa plional i .

in these cells (Fig.4D). s e
r//
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06 ine Inhihits Ts Breast Cancer Cell Growth and Increase Resistant
Breast Cancer Cell Sensitivity to Anti-Estrogen Therapy (TAMSICE): Detailed necropsy revealed that all
e mice had tumors in the breast. The data summarized [n Table 1 show the daily BG alone or in combination
with twice weekly tamoxifen/ICT significantly decreased median tumor volume and weight as compared with that
seen in tamoxifen/1C1 treated and control mice. The combination of BG with tamoxifen or 101 produced the
greatest decrease in median tumor volume as companed with contrel mice (83.99 mm?, 0.33 mm3 (TAM+BG),
respectively; pe oot (82.99 mmd, 31.60 mm? (ICI+BG), respectively, peo.ooor). Tumor weight was also
significantly reduced in mice treated with combination therapy as compared with control mice (81,23 myg, 22.30
mg [TAM+BG). respectively, p2n.0ons); (81.23 mg, 5157 mg (IC1+BG), respectively, p<0.0005). (Table1). Body
weight was not changed among all treatment groups as compared with control mice. No visible liver metastases
were present (enunserated with the aid of o dissecting microscope) in all treatment groups.

dogy and THC lysis: We next d the in vive effects of BG (alone or in combination) with
tamoxifen/ICL Tumors harvested from different treatment groups were processed for routine histological and 1HC
analysis. Tumors from mice treated with BG alone or in combination with tamoxifen/ICI exhibited a significant
decrense in MGMT, ERa, ki-67 a5 compared tumors treated with tamoxifen/ICT alone or control Mmm P53
expression was not much altered in these treatment groups. In sharp contrast, the expression of pa1 was
W-ﬂ-cnnlls inereased in tumoss from mice treated with BG either alone or in combination with lammlre.n,flu
The images were analyzed by Imaged (NTH) and MGMT, ERa, p33. p21 and ki-67 expressions were quantified by
the ImmunoRatio plugin. (Fig.5).

Contral TAM (-] o'ss TAM (-]

Flgure § Tumus wer barvested faoe comral
mice and mive treated yeith Lmenifen/BCL BG. o
ba

10T and B The sotions wore

fox expevaiien of MOMT, Eita,

3

B

g . m.w B L
3 much e i the et e I shary
H

g

ontrase, cxprossion of pEn war g
Incrossed in all these troatment lﬂli“m“llluvd
o comrols. Representative samples (40X) we
it

Conclusions

1. In the present study, we observed that g treatment with anti causes drug resistance by

inducing the DNA repair protein O-methylguanine DNA methyltransferase (MGMT).
Decreasing the expression of MGMT by exposing breast cancer cells to BG sensitized these cells to anti-
estrogen therapy (lumaoxifen and 1C1 182,780).
‘We also observed that combination therapy of anti-estrogens and MGMT blockers not only overcame the
MGMT derived drug ffen and IC1) but also increased the efficacy of anti-estrogen therapy
by decreasing estrogen receptor and of the activity of ps3 in
resistant hreast cancer cells.
4. Combination therapy inhibited

L

resistant breast tumor growth in vive.
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LR Parasite Spillback Effects on Native Communities in New Zealand Streams and Lakes .
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Assessing and Treating Speech Disorders in Children with Autism Spectrum Disorder (ASD)
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Conflict Minerals: Should Businesses Avoid or Develop?

Supply Ehaln Managemeut M:‘:Cmmbs School of Business

Abstract

= Coallict minerals are those that are
sowreed under armed lemees

«  Milkta s=ll the minerls to smelters to
b used

B In conimdries Hhe che Demacrath
Repnibalic of Canga [ DRL], rosghly 5
millen civilkans and workers have djed
kg bn Cheese miies

«  Armeed militia im the DRC generate 5180
millicn annusally from exparting condlice
minerals to smellers

= Profits are used o continue thetr
suppl ol wespans

Research Objective

= Amalyze the effects companies have on
couniries that source conflict minerals

»  Dternulme the extent to which
companées are held responsible for the
treatment of workers in these mines

L Blake recosnmendations for how
buginesdes can create a mone
tramsparent sapply chain

Background/Introduction

v In 2010, the 1S passed the Dodd-Frank
Al

*  Thi= act required that companies list and
audit all of their napplicrs

B Busiresses wers prodibbted From
maurcing from coumries thal sold conflict
minerals

& IO 4 i the lirst year that campanles ane
required o provide their lirst aadit
showing improvemends in their v ppf'.
chain towards ks e of these minerals

/

' 2| COMFLICT MINMERALS
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ELnEFt'-: of Dodd-Frank Act

Serves an guiding point for companies bo hase
their plan of svlon against conflicn mssrals
Forces companies to disclose what tueir
supijpllve use

Elminsies & majpsd §ounce of oo s
couniries, like [HEL that rely on pamfEs From
conflict mlnerals

Creates mare oransparency in businesses

Hrgatwm of Dodd-Frank Act

P ol ecanomy should b o reforming
linamcial and capotal markeis, nat humae
sty

Adds seek bee L3yer of Bureau creoy 1o BaEsiness
Sty the hatane im the vty and e arsd ol
Lo by

Estmnated motisl complisnce costs of $3 1o 54
il Ve BISEN, el smvndt b 063 il Hiany

asstiaally there sl

Methods for Verifying
Conflict-Free

Auditing: required of each supplier within
a :III=I||.|||:| LY hlll!-lll'l' :II.ILII

Supply cartiBeation: third- pamy auditars
rvaluate suppliers under standards that
Lhie coEnpany has akready set owt

B ard 1ag labeling: miserals are hagged
and tapped “roallict free” immediabely
upon extraction

Anabytical Dngerpristing: 3 eeihod
determaned by a group of German
scientists kn which the region in which the
mknerals we e extracted i can e

tlert er sl
Recommendation
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Find gasli sl suppor fromss Dnbermaional
1msne sty in bring reform b the butness
process in Ehess regioes
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Vices, Scapegoats, and Evil Forces:
Magic in the Works of Miguel de Cervantes y Saavedra,

Juan Ruiz de Alarcon, and Maria de Zayas y Sotomayor

Department of Romance Languages and Literatures

Background

»The Golden Age of Spanish Literature (“Los
siglos de oro”) lasted from approximately 1492
until 1681.

-Magic was a part of daily Spanish life,
especially in certain regions of the country.

-The Spanish Inquisition sought to eradicate
popular practices of magic in order to assert
control, adopting methods of fear.

-Moors were expelled from Spain by 1614.

~There was censorship of all published works
in an attempt to control beliefs that
contradicted Church doctrine.

In order to publish works invelving magic,
authors had to reshape their ideas and present
them in ways to evade censorship.

Miguel de Cervantes y Saavedra
“Major satirist of the Golden Age

=Author of “El coloquio de los perros™ as part of his Novelas
lejemplares (1613)

-Evaded censorship by writing about

magic in psychological terms

-The witches interact with the devil onl
under the influence of hallucinogens

-Despite not openly depicting magic,
Cervantes utilizes talking dogs
+The high morals of the dogs counterac

he supernatural aspect of their
xistence

Miguel de Cervantes y Saavedra

Maria de Zayas y Sotomayor
*Early feminist writer of the Golden Age
*Examination of parts of her two major works:

:Novelas amorosas y ejemplares
(1637): “El jardin engaiioso”

*Desenganos amorosos (1647):
“La inocencia castigada”

+Uses magic to denounce most
men

-Empowers the virtuous,
independent women in her works

- L b
g

Maris de Zayas y Sotomayor

Focus of Research

-l explored works that were aimed toward two
different audiences

-Cervantes and Zayas wrote prose for more
educated audiences, while Alarcon wrote plays
seen by the common man

*How did the depiction of magic differ between
authors and modes of representation?

-How did censorship shape the authors’
writing and depiction of certain groups?

-l focused on three main groups of people:
sInnocent women
«Moorish men

*Real magic: witches, magicians, and the
devil

Juan Ruiz de Alarcon
*Born in Mexico, but spent the majority of his life in Spain
“Wrote many comedias (comedies), including:
«Quien mal anda en mal acaba (1620)
-El prueba de las promesas (1634)

-Stereotypes females as foolish and

Moors as partners of the Devil

«In line with the morals of the
Catholic Church in his writing

-Yet, the use of magic is justified in
he case of a noble, concerned
ather

Juan Ruiz de Alarcan

Conclusions

«Cervantes appears to share the same views of magic as
the Inquisition, but shows the humanity of the witches in
his work.

«Zayas and Alarcon appear to share society’s
stereotypical views of Moors.

-Zayas uses magic in a feminist manner: desperate men
use magic to achieve their goals, but virtuous women
triumph.

-Alarcon demonstrates opposing views: Moorish men
have connections with the devil, and mef:can,use magic

* ffor good reasons.

«It is clear that the Inquisition did not ahuays view the use
of magic in literature as a threat.

Acknowledgments

| would like to thank Professor Nina Davis for serving as
my advisor for this senior honors thesis.
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Introduction
Algae are good sources of material for biofusl, espedally
cellulose and lipids
Algaerichin cellulose (e.g. greenma & ke
Cledophors) and lipids (e.g. distoms like Aulscozeia)
grow plentifully in domesticwastewsters )
Algae growing inwastewaters may helpremove oritical
nutrients {nitrcgen and phosphorus), and so helptreat
wastewaters
Thus, algae could be useful in both wastewater treatment
and bicfuel production at trestrment facilities
BUT: Do wastewaters have sufficientamounts of other
key nutrients {such as silica, Si) to support such a plan®
Aim 1: To understand the Silicate awvailabil ity of diatoms
grown 8s a consortium in wastewster at Milwaukeeg's
Jones Island Flant.
Aim 2: Torefine anexisting mathemstical model|
developed on anearlier project

Materials and methods
Samples were collecked ~weekly June 1-August 215

Water samples were taken from trough system {Fig 1.} from

inflow of secondany-treated wastewater {in) and cutflow at
base of the trough {out)

Water samples analyzed for: dissclved 5i{d5i, measured
with 8 molybdate color reaction, Parsons et. al. 1984)and
particulate bicgenic Si {pSi, digested incarbonate and

analyzedas d5i, Paasche, 1980, Parsons et. al. 1884}
Algal samples taken from troughs {completely cleaned
weekly)

Algal material used to measure biogenic Si{bSi, as for pSi)

Experimental Results
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Model Implementation
Model implementation used ordinary differential
equations (Figure 2) and initial parameter estimates
from previcus work (Honjura et. al. 2015, unpublished)
The base modelwas used to estimate the amount of
Silicate expelled fromalgses
Base model was designed to bea cosed system of
differential equations that followed parameter estimates
from data analysis
Both the original and new model was implementsed
through MATLAB
Mew model flow diagramis displayed in Figure 3.
Mew model is an open systemn of differential equations
Initial parameter estimates were taken fromoriginal
model
The new model was designed to returntheamount of Si
that is contained inthe algal bed giventhe amount of
Silicate inflow and cutflow.

Preliminary Data Results
From Figure 4, it canbe seenthatin all of the troughs, there
seems to be an inverse relationship betwesn dissolved
Silicate and biogenicSilicate.

Particulate Silicate, both inflow and cutfiow had almost no

impact on the system’s flow, and growth of theorganisms
throughout the system.

Diatoms are abundant interms of biomass, and Siisan
important nutrient inwastewsater

Future Work and Conclusions
Predictions are difficult because we do not have steady-
state relations.

Cwtflows are sometimes higher than inflow even though
algae nesds to take up 5i to grow. It is unclear as towhy
this is, but it does make budgeting the Sidifficult
Multiple avenues have been thought of: Total Silicate, or
Silicate scaled to other variables. Unfortunately these
could add bias to cur measurements.
This trough systemn was designed inthis fashionso that
rural waste water treatment plants could implement this
idea on a large scale
Algal growth and harvest on 8 large scale could
significanly decresse the ameount of farming and
housing land used for the creation of bicfuek, in fact no
additional land would be nesded to grow and harvest
the algaegrown
Bicfuek are a clean shernstiverescurce that
necessarily replace fossil fusk
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