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ABSTRACT:

One ignored benefit of space travel is a potential
elimination of obesity, a chronic problem for a growing
majority in many parts of the world. In theory, when an
individual is in a condition of zero gravity, weight is
eliminated. Indeed, in space one could conceivably follow
ad libitum feeding and never even gain an gram, and the
only side effect would be the need to upgrade one’s
stretchy pants(“exercise pants”). But because many diet
schemes start as very good theories only to be found to
be rather harmful, we tested our predictions with a long-
term experiment in a colony of Guinea pigs (Cavia
porcellus) maintained on the International Space Station.
Individuals were housed separately and given unlimited
amounts of high-calorie food pellets. Fresh fruits and
vegetables were not available in space so were not
offered. Every 30 days, each Guinea pig was weighed.
After 5 years, we found that individuals, on average,
weighed nothing.  In addition to weighing nothing, no
weight appeared to be gained over the duration of the
protocol. If space continues to be gravity-free, and we
believe that assumption is sound, we believe that sending
the overweight — and those at risk for overweight —
space would be a lasting cure.
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IN TRODUC TION:

The current obesity epidemic started in the early 1960s with the invention and proliferation of elastane and
related stretchy fibers, which released wearers from the rigid constraints of clothes and permitted monthly weight
gain without the need to buy new outfits. Indeed, exercise today for hundreds of million people involve only the
act of wearing stretchy pants in public, presumably because the constrictive pressure forces fat molecules to
adopt a more compact tertiary structure (Xavier 1965).

Luckily, at the same time that fabrics became stretchy, the race to the moon between the United States and
Russia yielded a useful fact: gravity in outer space is minimal to nonexistent. When gravity is zero, objects cease
to have weight. Indeed, early astronauts and cosmonauts had to secure themselves to their ships with seat belts
and sticky boots. The potential application to weight loss was noted immediately, but at the time travel to space
was prohibitively expensive and thus the issue was not seriously pursued. Now, however, multiple companies are
developing cheap extra-orbital travel options for normal consumers, and potential travelers are also creating
news ways to pay for products and services that they cannot actually afford. Together, these factors open the
possibility that moving to space could cure overweight syndrome quickly and permanently for a large number of
humans.

We studied this potential by following weight gain in Guinea pigs, known on Earth as fond of ad libitum feeding.
Guinea pigs were long envisioned to be the “Guinea pigs” of space research, too, so they seemed like the
obvious choice. Studies on humans are of course desirable, but we feel this current study will be critical in
acquiring the attention of granting agencies.

CONCLUSIONS:

MATERIALS AND METHODS.:

One hundred male and one hundred female Guinea pigs (Cavia
porcellus) were transported to the International Space
Laboratory in 2010. Each pig was housed separately and
deprived of exercise wheels and fresh fruits and vegetables for
48 months. Each month, pigs were individually weighed by duct-

taping them to an electronic balance sensitive to 0.0001 grams.
Back on Earth, an identical cohort was similarly maintained and

weighed. Data was analyzed by statistics.

RESULTS:

Mean weight of pigs in space was 0.0000 +/- 0.0002 g. Some
individuals weighed less than zero, some more, but these
variations were due to reaction to the duct tape, we believe,
which caused them to be alarmed push briefly against the force
plate in the balance. Individuals on the Earth, the control
cohort, gained about 240 g/month (p = 0.0002). Males and
females gained a similar amount of weight on Earth (no main of
effect of sex), and size at any point during the study was related
to starting size (which was used as a covariate in the ANCOVA).
Both Earth and space pigs developed substantial dewlaps
(double chins) and were lethargic at the conclusion of the study.

Our view that weight and weight gain would be zero in space was confirmed. Although we have not replicated this experiment on larger animals or primates, we are confident that our result would be mirrored in
other model organisms. We are currently in the process of obtaining necessary human trial permissions, and should have our planned experiment initiated within 80 years, pending expedited review by local and

Federal IRBs.
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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
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Abstract

l-,ndomne \hmpu« using anti-estrogens are least toxic and very effective for breast cancers, however, tumor resistance to
t n a bling block for suceessful therapy, Based on our recent study on the involvement of the DNA repair
pmlcm MGMT m pancn-sllc carwcf (Clin Cancer Res. 15, 6087, 2009), here, we investigated \dwthcr M(‘ MT ovvmpresaon
%peclﬁmll\ we determined whether admini ion of MGMT i [O*-benzyh

(BG)] at a non-toxic dose u]onc orin ination with the anti-estrogens (tamoxifen/fulvestrant) curtails human tamoxifen
resistant breast cancer cell growth. Further, we also determined whether BG sensitizes breast cancers to tamoxifen using
tamoxifen resistant cells,

MGMT expression was found to be increased in breast cancer cells relative 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-a expression
using a specific siRNA resulted in augmentation of MGMT mRNA and protein levels h) 2 fold. We also observed an inverse
correlation between MGMT and p53 levels in breast cancer cell lines; moreover, p53 was ace ied by
increased MGMT expression. Other experiments showed that BG alone or BG in combination with tamoxifen or fulvestrant
decreased ER-u expression, whereas tamoxifen alone and fulvestrant alone increased and decreased the same respectively.

Hi , all these increased the p219" mRNA and protein expression significantly. BG inhibited tamoxifen
resistant brc.m cancer growth in o dose- drprndmt manner and it also resensitized resistant breast cancer cells to anti-

estrogen therapy (TAM/ICI). These bi also enh d the ¢ I C release and the PARP cleavage, indicative
of apoptosis, In breast cancer xenografts, BG alone or a combination of BG with tamoxifen or fulvestrant caused significant
tumor growth delay and immunohistochemistry revealed that BG inhibited the expression of MGMT, ER- «, ki-67 and
increased p21* staining. These findings suggest that MGMT inhibition may provide a novel and effective approach for

over
Introduction

Recent advances in breast cancer research have identified key pathways involved in the repair of DNA damage induced by
chemotherapeutic agents. The ability of cancer cells to recognize DNA damage amd initiate DNA repair is an important
mechanism for therapeutic resistance and has a negative impact on th ic efficacy. A ber of DNA-d
alkylating agents attack the leophilic 0" position on ine, forming ic and highly cytotoxic interstrand DNA
crosslinks, The DNA repair enzyme O*alkviguanine DNA alkyltransfernse (AGT), encoded by the gene MGMT, repairs
alkylation at this site and is responsible for protecting both tumor and I cells from alkylating agents. MGMT is
expressed constitutively in normal cells and tissues. In breast tumors, MGMT gene expression is elevated and levels are up
to 4-fold higher than in the normal breast. Interestingly, it has been shown that tamoxifen accelerates proteasomal
degradation of MGMT in human cancer cells. In 1991, Peps, Moschel, and Dolan observed that O* benzylguanine (BG)
mhibited AGT and p iated the cytotoxicity of both chloroethylating agents and methylating agents. In a series of
important observations, they fully characterized the interaction between BG and AGT and its therapeutic impact. They
showed that BG binds AGT, transferring the benzyl moiety to the active-site cysteine [29). The reaction is very rapid and
more potent than any other previously known AGT inhibitor. BG is not incorporated into DNA in living cells and reacts
directly with both cy ic and nuclear AGT, B BG is a psued ate for MGMT which results in the covalent
transfer of benzyl group to the active site cysteine, the MGMT protein is d led after each reaction. This stoichiometric
reaction mechanism effectively depletes the AGT content in tumors and the associated repair of alkylation damage. BG is
currently undergoing clinical trials in various cancers to increase the efficacy of alkylating agents,

Interestingly, several observations suggest an inverse correlation between the levels of MGMT and p53 tumor suppressor
proteins where wild- mb: ps’; suppresses |ramcr|plwn of humun MGMT expression. Unfortunately, p53 function is often
inactivated or supp cancers; th ion of wt-p53 activity is essential for the success of some
treatments. However, \dmhvr or not this is mediated by suppression of MGMT expression has yet to be determined. To
date, the cross-talk between MGMT and ER-alpha (and the link to p53 expression) has not been explored in drug (ie.,
tamoxifen) resistant breast tumors, The anti-estrogen tamoxifen is the most commonly used treatment for patients with
estrogen receptor positive breast cancer,  Although many patients benefit from tamoxifen in the adjuvant and metastatic
settings, resistance to this endocrine therapeutic agent is an important clinical problem. The primary goal of present study
was to i igate the mech of anti-estrogen drug resistance and to design new therapeutic strategies for

i % this resi . The results show that MGMT expression is increased in TAM-resistant breast cancers and
inhibition of MGMT by BG significantly improves TAM-sensitivity,

Prolonged Treatment of Tamoxifen Increases MGMT Expression: We developed a tamoxifen resistant MCF-
cell line by using prolonged treatment of tamoxifen on the parental ER-positive breast cancer cell line, MCF-7,
Tamoxifen-resistant MCF-7 cells proliferate at rates similar to the y 1 MCF-7. Prol d treatment of tamoxifen
onto MCF-7 cells increased MGMT expression compared to parental MC} 7 cells by 2 fold (Hju)

F-7

Knocking Down ERa Enhances MGMT Expression in Tamoxifen Resistant
Breast Cancer Cells: It is not known whether ERa and MGMT transcriptionally
regulate each other in tamoxifen resistant breast cancer cells, We therefore investigated
whether down regulation of ERa has any effect on endog MGMT exy ion in
these cells, As expected, downregulation of ERa using specific siRNA significantly
reduced ERa protein levels in these cells, Western blot analysis was performed and the
results in the left 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 data
suggest that ERa-mediated signaling functions to repress MGMT gene expression in
breast cancer cells.

MCF-7 cells

:
2
-

Transcriptional Regulation Between MGMT and p53: Previously, it was reported
that p53 negatively regulates MGMT in breast cancer cells. Therefore, we addressed
whether or not silencing the p53 enhances endogenous MGMT transcription. Tamoxifen
resistant MCF+7 cells were transfected with either p53 siRNA  (p53-KD) (Fig.2C) or
MGMT siRNA (\I(:MT KD) (Fig.2D) along with Non-specific siRNA (NS), MGMT

pression was ly increased in p33 knock down cells. with different
experiments showing a ~ fold augmentation (Fig. 2A) and as expected, knocking down
MGMT decreased MGMT transeription where as p53 mRNA levels were unaffected in
MGMT knockdown cells (Fig.2D). These results confirm that p33 can regulate MGMT at
the transeriptional level,

Figare 1, MCF-7 parental and tamoxilon
reststant MCF7 coll pefiets were prepared,
jooleinn werw  Dmlated  and  MGMT
exprensdon wat dolocted by western biot
analysis. Tamonifen resttant MCT-7 broast
canter cells significanly increased MGMT
oxpression vompared e MCFr purestal
ool

O*-Benzylguanine Plays a Dual Role in Tamoxifen Resistant MCF-7 Cells: Contrasting with the experiments above, next, we
studied whether or not knocking down MGMT has any effect on ER« transcription. As expected, knocking down MGMT decreased
MGMT gene transcripts.  However, it was interesting to find that ERa gene transcription was also reduced after MGMT silencing,
(Fig.2E). These data demonstrate that BG has the ability to attenuate the not only the MGMT, but also the ERa transcription, indicating

a possible dual role for MGMT blockers in these breast cancer cells.
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Figure 2. (\) Tammifen rostant MCFr colls weee transfcted with ERa siRNA
(40003) (1R KD) and NS LRNA (300mM) (NS), sad cells were Banvostald 720 poat
translection. Totad peoteins weve solated and ERo and MGMT cxpeession was
deterinioed by westion bhd arsdysis. MGMT protein was significantly isenased in
1Ra knock down colls (B) Tamaxifen resistant MCP = cells were transfocted with ERe
RNA (1000M) (ER0-KD) nd K3 siRNA (0on M) (ON8), und oelly were haevestod 72
oot transSoction.  Total RNA was bedated and ).lG)n' ‘ad Ela mnufnplllll wis
determined by qRT-PCR. MGMT iption was in FRa
Sk dowa eulls, (C) Total RNA was lodasedd from sce-spaifs ARNA (NS DoonM)
and pay SRNA (20 aM) kncck down tamodien retstant MCF2 beoast auicer cells.
MGMT and i transeription was determined by gRT-PCR. (D) Totsl RNA was
boluted from son-spedfic SIRNA (NS} (100aM) and MGMT SR\NA (sooaM) kaak
dowtt tamonifen resstant MCY-> breast cuncer oclle. MOMT sad pay taoscripdion
wis determdond by GRT-PCR. There b5 an beverso cotrelation betaeon MOMY and piy
i tamoxifen nesistant breast cencer cells (C& D)

06-Benzylguanine Modulates p53 Down-Stream Targeted Pr
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Figmre 3. (A} Tamexifen sosstast MCF-7 breast esnver oells wore tvated in
presonoe oo absenoo of NG (50 s sod 488 (el treatawnt $OH-TAM (), 103
(M) esaber aome o in combination with (G 24h post treatment cells were
Barvistod and peotcias were Belatod and western Jdot anadysis was perdoemal. (A}
ERe. sy aod MOMT exgoesions (K) Cytochrome €. FUMA and pat war
deteriond by wostern blot soulvsés (C) tamoxifen resistimt MCT-2 eells wore
treated with or withost BG for 480 and Mter treated with staerosposia (5 uM/L)
for 6 brs PARP chesnage was determined by western Slot anahyeis,
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d by the results reported, we

investigated the effect of combination therapy on endogenous MGMT, p53, and l:Ro protein e'(pn-\\oun* As expected, BG decreased

MGMT while b

ion therapy (4-OH-TAM or ICI combined with BG) significantly decreased both MGMT and ERa«

expressions, BG alone or in combination with tamoxifen or IC1 decreased ER-a expression, whereas tamoxifen alone and ICI alone
increased and decreased the same respectively (Fiz.3A). p53 expression was slightly altered after ICI treatment. The reduction in p53
expression by ICT alone was reversed when BG was combined (Fig.3A). 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 p21v#

protein expression (Fig.3B). PUMA expression was also increased with these treatments. Hence, PUMA may have translocated to the
mitochondria, cytochrome C is released (Fig.3B), and apuplmu\ wias ldgu-rul in these cells in presence of combination therapy. PARP
of

cleavage is seen in BG treated cells in g

Ive of apoptosis (Fig.3C). Therefore, this data suggest that

porin as an

BG promotes cell cycle arrest and can mduu: apoptosis by modulating p53 function,

06-Benzylguanine Modulated Transcriptional Targets
in Tamoxifen Resistant Breast Cancer Cells: The effect
of combination therapy on endogenous MGMT mRNA levels
ws aso stuid, Quantitative real-time PCR (RT-PCR) resulted
that anti-estrogens (TAM/ICI) increased the MGMT
expression  while the combination therapy decreased it
compared to control levels,  ER0 transcription was decreased
compared to controls with all these treatments (Fig.4A).
Surprisingly, p2t and PUMA mRNA was significantly
increased in the presence of combination treatments (Fig4B
&C). These results suggests that p53 mediated target gene
transcription was affected by the drug combinations in breast
cancer cells (Fig. 3 & 4).

06-Benzylguanine Enhances p2:1  Transcriptional
Activity in Tamoxifen Resistant Breast Cancer Cells:
In order to investigate the effect of BG on P53 runclinn, we
performed luciferase reporter assays, T
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MCF-7 breast cancer cells were transfected with pat lue
promoter construct in presence or absence of BG (target gene
of ps3).  These results clearly demonstrate that BG
significantly enhanced p21 transeriptional activity by 4-5 fold
in these cells (Fig.4D).
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Figure 4. Tosonifen evsistant MOF-7 bresst cancer eells weee trvuted in peesence o absenie of BG (50 )
for gMh snd later @ O tamendfen and 10T £ 1) wans cither aleae ar in combimation with BG aad agh lter
oells were Survested and tetad KNA wans isolatod. (A) MGMT and ERa () pai tunsergalon (C) FUMA

transeription was determined by qRT-ICR. 4OH Lmoxifen and 11 nduces MUMT

transesiption. BG

induced PUMA and p21 transcription, (D) Tamoaden cesistant MCF-2 breast canter cells weee transfocted
with paide constroct and 6 Laer rostod with DG and 24h lter colls were harvwital, pat isoseriptisnal
activity was significantly incremed by DG is these ocll,

06-Benzylguanine Inhibits Tamoxifen Resistant Breast Cancer Cell Growth and Increase Resistant
Breast Cancer Cell Sensitivity to Anti-Estrogen Therapy (TAM/ICI): Detailed necropsy revealed that all
the mice had tumors in the breast. The data summarized in 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/ICI treated and control mice. The mmbimli(m of BG with tamoxifen or ICI produced the
greatest decrease in median tumor vol as o d with control mice (83.99 mm?, 9.33 mm3 (TAM+BG),
respectively; p< o.000): (83.99 mm' 3160 mm? (ICT+BG). respectively; p<o.ooo1). Tumor weight was also
significantly reduced in mice | with bination therapy as compared with control mice (81,23 mg, 22.30
mg (TAM+BG), respectively, p<0.,0005); (81.23 mg, 51.57 mg (1C1+BG), respectively, p<0.0005). (Table.1). Body
weight was not changed among all treatment groups as compared with control mice. No visible liver metastases
were present (enumerated with the aid of o dissecting microscope) in all treatment groups.

Histology and THC Analysis: We next determined the in vivo 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
decrease in MGMT, ERao, ki-67 as compared with tumors treated with tamoxifen/ICI alone or control group. ps53
expression was not much altered in these treatment groups. [n sharp contrast, the expression of p21 was
significantly increased in tumors from mice treated with BG either alone or in combination with dfen/ICI.
The images were analyzed by Image (NTH) and MGMT, ERa, p53. p21 and ki-67 exp were g ified by
the ImmunoRatio plugin. (Fig.5).

Control TAM [ =]

Figure 5. Tumas were hasvetod (oo contrald
mive and mive treated wilh tamoxifen/ICL BG. or
Both taswnlfon/ICT amd DG The soctions wore
Imsrunmtaized for expeossion of MOMT, ERa,
P43, 121 and %i-67. Tumors from mice treated with
BG cither alone or io combination with Lsoxifon
oe 101 hadd » significest docrase in the expevasion
of MGMY, KRQ sl Ki-67. 558 expinasben wak net
much aliered in these treatment grougn. In shamp
motrast, exprossion of po1 was  sgaificantly
4 I all heme Rrouga
to controls. Representative samples lw(l nre
shown

1. In the present study, we observed that profonged treatment with anti-estrogens causes drug resistance by
inducing the DNA repair protein O*-methylguanine DNA methyltransferase (MGMT).

2. Decreasing the expression of MGMT by exposing breast cancer cells to BG sensitized these cells to anti-
estrogen therapy (lamoxifen and 1CI 182,780),

3. We also observed that bination th ¢ of anti-estrogens and MGMT blockers not only the
MGMT derived drug (tamoxifen and l(‘l) resistance but also increased the dﬁcan of anti-estrogen therapy
by decreasing estrogen p P and ion of the functional activity of p53 in tamoxifen-
resistant I:m-asl cancer cells.

4. Combi py inhibited tamoxifen resistant breast tumor growth in vivo,
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Arachidonic acid affects aardvark afferents and alters anabolism

Anna N. Mus

Department of Integrative Science, The University of Texas-Pan American

Introduction

Larem ipsum dolor sit amet, consectetur adipiscing elit. Sed
vehicula sodales est tincidunt elementum. Sed dictum tincidunt
euismod. Aenean vitae sapien eget leo vulputate malesuada a ac
nulla. Etiam in tempor nisl. Aenean viverra feugiat pellentesque.
Morbi porta libero a magna suscipit adipiscing. Fusce leo eros,
pharetra vel cursus vel, imperdiet sed magna. Mauris facilisis
adipiscing adipiscing. Quisque cursus pulvinar nisl, et gravida
lectus fermentum feugiat. In et turpis sem. Aliquam adipiscing
neque at turpis pellentesque egestas. Fusce a odio leo, id
ullamcorper leo.

Vestibulum varius eros in dui elementum molestie. Phasellus
facilisis condimentum mattis. Nun¢ nec varius tortor, Donec luctus
magna id lectus bibendum tempus. Aliguam lectus velit, egestas
non luctus in, euismod pulvinar elit. Mauris ut metus lectus, sed
dapibus sapien. Curabitur rutrum orci at risus tempor semper
pellentesque tortor aliquam. Nam eget purus turpis. In imperdiet
consequat massa, commaodo elementum elit congue in.
Vestibulum lobortis ante non urna condimentum malesuada.
Vestibulum vulputate turpis auctor metus interdum rhoncus.

Suspendisse consequat nibh a lorem ultricies imperdiet gravida
purus pharetra. Maecenas placerat est a turpis bibendum
commoda. Nam eget quam diam, interdum elementum turpis. Sed
et semper justo. Donec accumsan gravida lectus a parttitor. Inin
nisi dui, quis adipiscing mauris. Donec a diam id magna commaodo
porttitor. Etiam aliquam vestibulum lacus vel feugiat. Integer ac
mauris rhoncus est euismod condimentum sed id mi. Suspendisse
potenti. Sed mattis nisl quis dolor condimentum semper. Praesent
egestas cursus sollicitudin. In molestie euismod consequat.

Results

Praesent vitae augue risus, eu porttitor risus. Nulla ligula ante,
consequat et tempor a, blandit non urna. Aenean mattis, lectus et
hendrerit placerat, diam lectus bibendum eros, ac adipiscing tortor
risus non massa. Pellentesque habitant morbi tristique senectus et
netus et malesuada fames ac turpis egestas. Cras vitae nibh quis
tortor dignissim convallis ut vitae nulla. Proin et arcu guis mauris
faucibus lobortis. Sed risus nisl, gravida et rutrum accumsan,
tristique vel nulla. Duis scelerisque adipiscing nibh vel ultrices. Ut
convallis turpis at nibh congue dignissim. In mattis mollis aliquam.
In dignissim lobortis consequat. Sed et sapien velit, id sollicitudin
augue, Aliqguam erat volutpat. Suspendisse ac lorem vitae velit
viverra scelerisque.

Morbi feugiat lorem ac neque convallis viverra. Pellentesque id
lacus vulputate velit cursus aliquam. Phasellus suscipit odio et
mauris imperdiet laoreet. Suspendisse vulputate, ante id imperdiet
interdum, tellus urna aliquet mauris, et lobortis sapien felis a tortor.
Etiam sodales neque et risus eleifend id auctor nisl ultrices.
Aenean non dolor nec enim venenatis aliquet. Donec vitae justo id
velit faucibus varius ut nec ipsum. Curabitur vel eros sed leo
fringilla facilisis vitae ac elit. Mullam eget gravida felis. Sed lacus
est, lacinia non fringilla in, iaculis quis sapien. Vivamus ut nunc eu
risus iaculis aliquet. Duis in lectus neque, ut auctor justo. Donec
lorem nisl, tincidunt a sollicitudin a, rhoncus eu lectus. Praesent
imperdiet pretium suscipit. Curabitur sed nisi est, sit amet laoreet
ipsum.

Discussion

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Sed
vehicula sodales est tincidunt elementum. Sed dicturn tincidunt
euismod. Aenean vitae sapien eget leo vulputate malesuada a ac
nulla. Etiam in tempor nisl. Aenean viverra feugiat pellentesque.
Morbi porta libero a magna suscipit adipiscing. Fusce leo eros,
pharetra vel cursus vel, imperdiet sed magna. Mauris facilisis
adipiscing adipiscing. Quisque cursus pulvinar nisl, et gravida
lectus fermentum feugiat. In et turpis sem. Aliquam adipiscing
neque at turpis pellentesque egestas. Fusce a odio leo, id
ullamcorper leo.

Morbi feugiat lorem ac neque convallis viverra. Pellentesque id
lacus vulputate velit cursus aliqguam. Phasellus suscipit odio et
mauris imperdiet laoreet. Suspendisse vulputate, ante id imperdiet
interdum, tellus urna aliquet mauris, et lobortis sapien felis a tortor,
Etiam sodales neque et risus eleifend id auctor nisl ultrices.
Aenean non dolor nec enim venenatis aliquet. Donec vitae justo id
velit faucibus varius ut nec ipsum. Curabitur vel eros sed leo
fringilla facilisis vitae ac elit. Nullam eget gravida felis. Sed lacus
est, lacinia non fringilla in, iaculis quis sapien. Vivamus ut nunc eu
risus iaculis aliquet. Duis in lectus neque, ut auctor justo. Donec
lorem nisl, tincidunt a sollicitudin a, rhoncus eu lectus. Praesent
imperdiet pretium suscipit. Curabitur sed nisi est, sit amet laoreet
ipsum.
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Enhanced Indoor Tracking using Bayesian filters and
past movement patterns

Eoghan Furey, Kevin Curran, Paul Mc Kevitt
Intelligent Systems Research Centre (ISRC), University of Ulster, Magee Campus

Research Aim

eThe aim of this research is to create an algorithm that
enhances Wi-Fi trackir capability in an indoor
environment.
e The HABITS (History Aware Based wi-fi Indoor Tracking
em) algorithm will allow for real-time continuous
tracking in areas where this was not previously possible
due to signal black spo Historical movement patterns
will be used to probabilistically facilitate this.

Il. Positioning Systems

 Positioning is a process to obtain the spatial position of a
target.

o In recent years the need has arisen for the development of
Location Based Services (LBS) which work in an indoor
environment. Large public buildings; universities,
hospitals and shopping centres have become target a

eDue to the poor performance of Satellite and Cellular
systems indoors, a separate system is required.

©802.11 Wi-Fi networks as specified by the IEEE are
available in many large buildings. The signals transmitted
by the Access Points (APs) provide a readily available
network of signals which may be used for positioning

Ekahau

o The Ekahau RTLS (Real Time Location System) is used to
provide the position of a Wi-Fi device.
et does not rely on proprietary infrastructure or readers in
order to track devices.
o The existing 802.11 Wi-Fi network is used for all tracking
g hs of the Access Points (APs) being
recorded as shown in fig 1.

Fig 1: Heat Map showing areas of similar RSS values

e Ekahau S data of the test area.
his data is mapped to a model which shows the areas

Wi-Fi enabled device may travel (F

irvey records R

Fig 2: Map showing areas where a user may travel

® The observed Wi-Fi signal strength data is recorded at
is then assigned to each
3 shows.

each location. A probabili
location based on this data 4

AU, L

Fig 3: Probabilistic estimation in Ekahau

IV. Multisensor data Fusion

® Multi sensor data fusion can facilitate bringing together data
from different sources.

Jsing a combination of the live data from Ekahau, historical
movement data and dead reckoning information, an enhanced
live tr: may be produced which would be continuous
(Ekahau has 5 sec updates at its fastest) and would continue to
track when signals were poor - black spots.

e A number of filtering techniques may be used to produce a
new estimate of the state of a system.

V. Bayesian Filtering

e Bayes filter is commonly used in robotics as a method to
infer the position of a robot.

o This recursive algorithm enables a position estimate to be
continuously updated by including the most recent sensor
readings.

A general form of the Bayes filter, which may be used for a
discrete case like this, is outlined in pseudo code below.

General Algorithm for Bayes Filtering
| Algorithm_filter(bel(x,.,). u. z,):

2 forall xtdo

beis) Z (x| . 1) bel (x._,) (PREDICTION STEP)

bel (x) =1 p(z | x) bedx,) (UPDATE STEP)
end for

return bel (x,)

Inputs belief bel(x, ;) at t-1: most recent control u, + measurement z,

Output is the belief bel (x,) at time t

VIi. HABITS Overview and Context

Ekahau RTLS Posifion
Estimate every 5 secs

Postion Estimate at
213

Fig 4: HABITS overview

Figure 4 gives the flow of data in HABITS.

e The Ekahau API enables a position estimate from the
Ekahau system to be fed into the fusion algorithm.

© This information will then be compared to the data stored
in the historical database.
‘rom this a prediction of the movement steps for the next
5 seconds will be calculated.
‘hese predicted positions will be plotted on the map.
Figure 5 shows the context in which HABITS will be

used.

(| £

Fig 5: Context of HABITS

Implementation Graphing/
Mapping

Areas that can be Decision Position Update from
travelled Point Ekahau

Fig 6: Indoor map represented as a graph

® The test area would need to be mapped in a similar way
hau. These maps would contain all the possible
routes that a person may travel.
ay be used as a means of representing the
movement of people indoors (Fig 6).

e This graph of the area will be used along with the
historical movement data of a person (Fig 7) in order to

calculate the transition matrix

Movement History of User 1

Fig 7: Historical movement sequences through the nodes.

VIil. Probablistic Matrices

e The more H
become.

ITS is used the more accurate it should

e When a critical set of historical movement data has
been gathered it can be analysed for patterns.

e Probabilistic functions can be calculated for the
decision points. Fig 8 shows the initial probability of
moving from one state to a neighbouring one.

eThis data will then be use
weights/inputs to the HABI’

to update the various
algorithm .
Movement patterns of a particular user or type of user
can facilitate profiling which can be used for a number
of ambient intelligent applications.

Prior State

Fig 8: Transition Matrix

e HABITS can be tested by comparing its tra
ility with the standard Ekahau system in terms
, Precision, Yield and Laten
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he defining characternistic of wdaptive immunity is the somatic diversihcation of its
atlgen receptor genes, The genes for the I-cell receptes LTTRI and Immuraqglobalin (g
we formed by a process known as ViDL recombination, in which transcribable genes ae
composed by the combinatodial joining of gene seaments lrom two o thiee classes
ved. Detaded knowledae of b

SPeOnc ocus in

depending or

neutralizing HIV antibodies are formed or of the differences in composition

and non-self antigen receptors is elusive but impartant for research in vaccine design and

itodmmune disorders. Undastanding the degalls of the comp oeohc g and
TCR and the specific processes they underwent duing development can lacilitate these
esearch endeavors, Thus, we have developed a web based software toal th
antioen ences to lder ’:'f theV, D and ) gene s

ecombination sites, paint mutations and n- and g-nucleatides Introduced, We

yments used

demonstrate the functionality of the software here with an analyss Tor diferential biase

within large samples of Ig dassihed as autoreactive or not

1A IS an implementation of 3 3-gime

DNA sequendces 1o a master antigen receptor seqguence in order 1o determine
the most likedy qene segment composition
the rules for combining those sogments dunng the formation of an antigen receptar
Aules for recombination inciude
Idontifying recombination sites: some gene segments may undergo exonucloase
activity, resulting Ina loss of nucelotides in the coding junction
RTCT(

N
-

V segrment 0 segmem

> ldentitying n-au as the enzyme TdT can introduce non-templated

nucleotides int

e = B T B iy e s e
ATCTGACGACACG ACGATATTCT
V Sacrieny | D sagmer

> ldentiying somatic mutations: in B-Cadls, recepton genes Undargo somat

hypermutation, whereby random point mutations ae introduced in the gene segment

TCTTACAGACACG ACGATAGCTET

SO ns J Sagirent

Other bicinformatics solutions already exist [

JOINSOL
this problem, so why build anather ane? The

QUEST") for approaching Observed

peoact: far SolA 1S unkaie in that it redwes

N dynamic p -'l.;l ming l | QU ANtess D eamic
1 optimad solution. But, unlike typ v Fogrammng
signment s vare, ILimgNements a meeTE
fimensional algonthm te find it's solution
Formally, SoDA secks to maximize the
kelhood function MG M T where ¢ ot of
gene segments, M=1ules for combing those gene |

vegments, T = Largel sequence, and MIG

onal algorithm tor aligning multiple contiguous

D adgnoment
subenatiix

Jalgnment >
submatro

Ve Vv algnmaent

plane

n-Lagpin

¥ ahgrment

e
1 digrmenn
\ submatrix

he chain Agrersent manix Heawnw hainy aborment matix

nsiderning exonudease activity in the solubon adds a constraint to the alicnment algorithm: frar

Yy point inone gene segment allgnment, the traceback path must be able 10 Jump to any paint
the contiquous gene sagment alignment. For both light and heavy chains, the V alignment
ompuled in a single plane. Then, the alicnment for =ach contiguaus seguence that fallows is

omputed in a 3-dimensional matrix where the alignments run perpendicular 1o the direction ol

the alignments for the previous gene segment alignment. This enables the traceback path to ump

from any point In one allgnment, ta any point In the contigues alignment, thus accounting for the

exonuckease constraint. TdT &1 O activity Is captured Dy the traceback path through the special
layers
We tested SoA using 120 artif ecombination sequences generated by a program that simulates
ViDL recombination. We created 30 sequences at each of fowr mutation rates; 2.5 ¥ 109, and
| SODA proved to be the most religbie in predicling the cogrect gene segment compositio
[/ A A
e ' ] ! ' :

designed 10 lind the most likely oene seaments as well as the most likely 14

0DA against 20 rearrangements from Genbank, Be

findds the bhest possibis

Iy shows how SODA'S 3 Mo

O rearrangement that argus

explanation for the gene seqments and the rules for combining then

. Ans

o3 that created
Is the CDR3

Vith SolbA, we are able to quatitatively charactonaze Ig sequences, specifically lookong at genie

segment usage, COH3 length, n-nucleotide addition, and mutations. To do this, we downloaded

and an o approximately 9450 noa-autoreactive bg and |54 autoreactive iy sequences

from G 1k, Sequences were distinguished and dvided into these two grougss througt

keyword searches. € 1al duplicates were removed from each st using an wiomated
procedure that compared several criteria in the sequent
Proportion of gene seament usage by family

Ao tye b Nan-auboreactive lg

9
o IS BN ENES » 2 0 PP as PR
1 ) @ 6 7 1 1 . ;4 i
The dffesences in segment usage between autoreactive and non-autoreactve g ace contrasted hers
The dffssences i V-0rne seament usage are statistically sanfcant
Proportion of seguences with n number of mutations
A e
3 )
o1 3 03 4 [ 0. \7 g

This gr st shyows the numbses of muutations present in the svabiated seguences for proportions of

woes. AL sach proportion, sioreactive g conlarm moe e maitalioers B nors sotomealive

http://dulci.org/soda




Considerations

Contrast between text colour and background colour
White space is nice
Avoid fancy effects

Underline or /falicise?

Font pleasant to look at
Edit your text, edit it, then edit it again
We read top left to bottom right....

Pleasant on the eye: subtle colours

More Help to Come...
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You may need to read ahead to
complete your poster. Be proactive,
seek help if you need it, and DON'T

LEAVE IT TOO LATE!



