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Learning Objective

This study aims to examine the relationship between rest-activity rhythms
and quality of life in lung cancer patients as both are strong predictors in
cancer survival and prognosis.

Abstract
BACKGROUND

Quality of life and rest-activity rhythms have been shown to be strong predictors of
cancer prognosis and survival>>%°, However, few studies have examined how these
two predictors relate to each other. We investigate the association between quality of
life and rest-activity rhythms.

METHODS

Lung cancer patients (N=49) filled out the FACT-L questionnaire to obtain overall and
subscales of quality of life (QOL). Wrist-ware actigraphy watches were worn to
collect rest-activity data. We examined autocorrelation (r24), nighttime restfulness
(I<O) and daytime sedentariness (O<I) predicting quality of life. In hierarchical
regressions controlling for gender, age at diagnosis, stage, and income, variables were
entered in separate regressions examining 6 scores of QOL: health-related overall,
physical, social-family, emotional, functional, and lung specific well-being.

RESULTS

Hierarchical regressions found significant relationships between I<O and physical
well-being. Lung cancer patients with more nighttime restfulness had higher physical
well-being (p= .016). Significant results were also present when controlling for age
testing relationships between SFWB and r24 (p= .026), and SFWB and I<O (p= .028),
indicating older lung cancer patients have higher SFWB scores.

CONCLUSIONS

This study supports past research in the integration of rest-activity rhythms and
quality of life measures in diagnostics. It also shows a significant link between the
two predictors.

RESEARCH IMPLICATIONS: Research should continue to investigate the relationship
between rest-activity rhythms and quality of life. Possible explanations could be a
third physiological variable such as endocrine or immune function.

CLINICAL IMPLICATIONS: Lung cancer patients experiencing rest-activity disruption
should be screened for areas of quality of life. Future research should continue the
notion of integrating quality of life and rest-activity rhythm measures in prognostic
and survival diagnosis.

Background

Lung cancer is the second most common cancer in men and women. Distress
from initial diagnosis and continued lung cancer treatments can lead to a
decrease in quality of life (QOL). Numerous studies have shown quality of life to
be a significant prognostic and survival predictor in lung cancer patients®?.
Quality of life is a multidimensional concept that includes subjective evaluations
of positive and negative aspects of life. A reliable QOL survey pertaining to lung
cancer patients is the Functional Assessment of Cancer Therapies- Lung Cancer
(FACT-L),” which includes dimensions and subscales shown in Figure 1.

Circadian coordination has been shown to have strong tumor-suppressive
actions in laboratory and animal studies?. In humans, circadian rhythms of rest
versus activity cycles are prognostic for colorectal cancer survival and may
predict response to treatment3. Circadian rhythms are a system composed of
molecular clocks that synchronize physiological functions, such as the cell cycle
and apoptosis, in a 24-hour cycle!®. Rest-activity rhythms are also one of the
many circadian rhythms in the body. There is evidence that disruption of
circadian rhythms can lead to tumor promoting environments? 3.

There is a scarcity of research on the relationship between these two
prognostic factors in lung cancer patients: rest-activity rhythms and quality of
life. Therefore, this study aims to evaluate the relationship between these two
variables among a sample of lung cancer patients.
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Hypothesis

Lung cancer patients with more disrupt rest-activity rhythms will

have lower quality of life and poorer scores on FACT-L.

Model Summary Overall

Circadian Rhythm

- Autocorrelation Coefficient
(r24)

- Nighttime Restfulness (1<O))

- Daytime Sedentariness (O<l)

Figure 1. Hypothesis of circadian rhythms (rest-activity rhythms) relating to quality of life
Model Showing Predictors and Outcomes
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Figure 2. Individual test of rest-activity rhythms predicting health-related quality of life

PARTICIPANTS

Non-small cell lung cancer patients (N=49, 14 males, 35 females) diagnosed within the last 5 years provided demographics and self-report measures of
quality of life (FACT-L). Participants wore an actigraphy watch for 10 consecutive days and filled out daily questionnaires giving time of wake and bed along
with times the watch was removed.

MATERIALS

To calculate rest-activity rhythms ACTi graph Action4 software was used, and data were binned over time in bed (TIB) intervals. Intervals were marked
based on the daily questionnaire times and visual inspection of the data. The software calculated autocorrelation coefficient (r24), a measure of regulation
of daily activity calculated by taking a correlation of 1-minute epochs on one day with the same epoch on different days to give a 24-hour correlation;
nighttime restfulness (1<O), the percent of time in bed in which activity falls below the median of activity out of bed (higher scores indicate more
restfulness); and daytime sedentariness (O<l), the percent of time out of bed in which activity falls below the median of activity in bed (higher scores
indicate more sedentary behavior).

Methods

Lung cancer patients with more nighttime restfulness had higher physical well-being. Younger lung cancer patients had

lower physical well-being. Younger lung cancer patients also had lower social and family well-being.
More Nighttime Restfulness Shows Higher Physical Well-Being

F? Linear = 0.108
30.00-
Model 1 Model 2 (Full @
(Control Model) © © ©
c -3 o 0O
Variables) — o o0 o
B Std. Error Beta B Std. Error Beta 0
0.161 0.089 0.295 0.174 0.083 *0.318 .§ o ° 0o
0.594 0.803 0.129  0.439 0.748 0.096 m ] S Gi,,ff
1.866 1.954 0.166 1.201 1.832 0.107 = 2000- _—
1.495 1.074 0.232 0.838 1.029 0.13 b 0 '.y:_ﬂlgm_gﬁ‘/ﬂ 0 0
_ % _ w = 0
2.518 0.99 0.394 E- ff .
0.139 0.28 ~ 5
1.373 *6.471 ol o
#,r/f o o 0
o o
0 o
10.00-
Table 2. Hierarchical regressions of 1<O being a predictor of PWB with significant relationships marked with a *. c000000 80000000 85000000 90000000 95000000 00.000000
Nighttime Restfulness (I<0)

Figure 4. Scatter plot showing more nighttime restfulness gives higher
physical well-being in lung cancer patients.

Results

Hierarchical regressions revealed significant relationships between nighttime restfulness and physical well-being (PWB). Lung cancer patients with more nighttime
restfulness had higher PWB scores (p= .016). Age was also a significant predictor such that younger patients had poorer well being when 1<O was the predictor and
PWB was the outcome (p=.043). Significant results were also present when controlling for age testing relationships between r24 and social-family well-being
(SFWB) (p=.026), and I<O and SFWB (p=.028), indicating older lung cancer patients have higher social-family well-being scores. No other significant relationships

were found in this study. ConCI US|OnS

* Nighttime restfulness and PWB, in addition to being related to cancer prognosis and survival rates in other
cancers, are significantly related to each other in lung cancer patients.

 Poor physical well-being in younger patients may reflect more aggressive tumors, although stage was not
associated with QOL, suggesting QOL gives different information than stage for prognostics and course of
cancer treatment.

 Older lung cancer patients had higher social-family well-being. This could be due to more developed long-
term relationships in older individuals, in general.

 Several other studies have suggested QOL and rest-activity rhythms provide useful information for cancer
prognosis and survivalt3>8° Many have also suggested these two variables should be considered in cancer
survival diagnosis in multiple cancers®3>8° This study supports both these notions as understanding their
relationship could give more information on their prognostic value and support their integration in diagnosis.

* Future research should continue to explore the relationship between rest-activity rhythms and quality of life.

The Functional Assessment of Cancer Therapy-Lung (FACT-L) is a 44-item self-report instrument, which measures multidimensional quality of life among * Further investigation of the association between rest-activity rhythms and QOL could reveal a third driving
lung cancer patients. Measures are listed in Figure 1.

STATISTICAL ANALYSIS

variable, such as endocrine or immune function®.

Prior to analysis, actigraphic data were were log transformed. Separate regressions were run using the independent and dependent variables for each AC kn OWI Ed g einm EHtS

pathway outlined in Figure 1, yielding a total of 18 regressions. In all hierarchical multiple regressions, control variables (gender, age of diagnosis, cancer “umelig Suppeni wEs previded by Nsiensl aneer Ingiiss e R2s-Chlsases siel is greisily sckio etgee,

stage, income) were entered in Model 1. In Model 2, independent were added to the overall models predicting overall health-related quality of life score,
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Abstract Background Results

Objective: To measure the expression of Long-non coding RNAs (IncRNAs) using qRT-PCR in TIGK cells
Infected with Porphyromonas gingivalis.

RNAseq for no infected TIGK cells, and TIGK cells infected with P. gingivalis

Background: Long-non coding RNAs are RNAs that are longer than 200bp, and lack protein coding potential. were compared. Those IncRNAs with significant upregulation are shown in

LncRNAs make up almost a third of the total RNAs found in the human genome as seen in Figure 1, but they . R = Table 1. _ _
: T : : p— Othtemru."ctat‘;i‘;gzed s @, linc00152 Expression

have been the least studl_ed. These RNAs have_ b_een Implicated in several types of can_cers, such as gastric, (miscerlr:;ceous; - ransc"ps,._ Transcript NI TIGK PG Infected TIGK Fold Change 1.

liver, and colon cancer. Little is known mechanistically how IncRNAs operate, however in several knockout 1187 ® e @ @ o i@ 3 ' e Expression EXpression s

experiments of LincO0152 the tlssue_ showed decr(_eased mv_asweness and d_ecrease_d ce.II proliferation. These s'(‘;:':lfs 123?::;::::52::; B - —_— -~ Inc-CD38-4-1 > 98178 75 5331 3 531501 ;ﬁ.: 8- T

RNAs can be the key to understanding tumor carcinogenesis, and also provide crucial biomarkers for cancers nucleolar - INnc-HSPB7-2-1 2 22086 407811 5 640644 S -

that have minimal diagnostic capability. Epithelial to Mesenchymal Transition (EMT) is a method by which s INc-SMAD6-3:1 433165 271.686 5 117822 s

epithelial tissue undergo a morphological change. This changes allows for epithelial cells to adopt an miRNAS (microRNAS), Inc-ZNE674-12-1 12 5662 614768 1892256 s 47

undifferentiated invasive phenotype, which disrupts the basement membrane allowing for invasion of the 1196 Linc00152 5 48795 26.43272 4.820799 £ 2-

bloodstream. Telomerase immortal_ized gingi\{al keratinocytes were designed in our lab f_rom gingival _epith(_elial e i INc-DEFB134-1-1 939624 40.8831 4.351009 2 .| I |

cells, and have been shown when infected with PG to undergo EMT. There are limited biomarkers to identify RNAs), 1944 Table 1: Upregulated INcRNAS D B

oral squamous cell carcinoma and its progression, so investigating INCRNA expression may help identify novel
biomarkers.

Those IncRNAs that are significantly downregulated in the presence

Methods: Telomerase immortalized gingival keratinocytes were grown to 60-80% confluence, and then _  INCRNA SNAS th 200b " o Epithelial to M . T on (EMT of PG are shown in Table 2
Infected with P. gingivalis. RNAseq data for non infected and P. gingivalis infected TIGK cells were aligned to Figure 1. Inc S are ki S that are > P FIgure <. pithe a 0 esenchyma rgnsmon ( )
human reference genome Hg37 using Tophat, and differential expression of IncRNAs between no infection long, and lack protein coding potential INCRNAS 'S a key process In normal tissue adopting a T ipt NI TIGK PG Infectected TIGK Fold Ch
NI and infected '?IGK | J gl pd o Cuffinks. P Ip < 0.05 Sored sianificant compose a majority of the total RNAs expressed cancerous phenotype. Epithelial tissue down regulate ranserip | nectecte Ol Lhange linc00152 expression was measured in no
(NI) and infecte cells were analyzed Using LUTHinks. F=values = L.Uo were considered signiicant. in the human genome. Investigation of these E-cadherin expression, which then allows the cells to Expression Expression infected, multiplicity of infection (MOI) 50,
Results: linc00152 showed significant upregulation by P. gingivalis in infected TIGK cells compared to the RNAs has recently become popular, and now break apart and disrupt the basement membrane. By Inc-LEPREL1-8:1 161.441 18.1353 0.112334 and 100 using qRT-PCR. There is a
control no infected TIGK cells. they have been shown to be differentially use of matrix metalloproteinases the cells can invade Inc-RAD51-2:1 862.756 45.2292 0.052424 significant upregulation of linc00152 in
Conclusions: The IncRNA investigated in this study was significantly regulated by P. gingivalis. P. gingivalis regulated in different types of cancers. the underlying tissues, and metastasize into the INc-CDHR5-2:1 210031 150.114 0.03661 TIGK cells when P. gingivalis is present.
can induce epithelial to mesenchymal transition in TIGK cells, which is a biomarker for oral squamous cell blood. INc-IE[TM2-51 3432 12 67 1824 0.019575
carcinoma. The purpose of this regulation is not yet understood, but investigating the mechanism by which

. . . - . . : Inc-PAPSS2-3:1 24827 455.361 0.018341
these INCRNAs operate within the cell will be useful in identifying oral squamous cell carcinoma in patients

presenting with OSCC symptoms. Table 2: Downregulated IncRNAs

Methods

Conclusions

Introduction

48,250 Americans are diagnosed with Oral Cancer each year, and the survival rate at 5 years is approximately
57% according to the oral cancer foundation. Oral Squamous Cell Carcinoma appears asymptomatic at first,
and has limited diagnostic biomarkers to identify the progression of the tumor. Epithelial to Mesenchymal
Transition (EMT) markers are used to identify the cancer currentlylll. EMT is the process by which the normal
epithelial tissue has undergone a morphological change, and adopts an invasive myofibroblast phenotype as
seen in Figure 21, The now mesenchymal cells can invade the basement membrane, enter the bloodstream,
and then undergo Mesenchymal to Epithelial transition to aggregate and metastasizelll. P. gingivalis is an oral
gram negative pathogen that has been implicated in OSCC. One of the mechanisms by which EMT has been
characterized in gingival epithelial cells is the upregulation of Zeb1/2, which are key transcriptional regulators
in the transition to this invasive phenotypel?I3ll4, Long-non coding RNAs are RNAs longer than 200bp, and
lack protein coding potential. Recent studies have implicated IncRNASs in increased invasiveness and cell
proliferation in gastric, liver, and kidney cancerslPlil, IncRNAs have not been investigated in OSCC, and have
been shown to be significantly up/down regulated based on preliminary RNAseq statistical analysis of
telomerase immortalized keratinocytes infected with P. gingivalis.

« 1inc00152 is significantly upregulated by P. gingivalis in TIGK cells
* IncRNAs may play key regulatory role in Epithelial to Mesenchymal Transition

« Further investigation may lead to novel biomarkers for OSCC by IncCRNA expression
Methods [resssses

Future Studies

 Measure expression of genes local to these IncRNAs to investigate whether IncRNAs differentially regulate
them
« Knockout IncRNAs, and investigate the effect it has on EMT and invasiveness of TIGK cells
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ABSTRACT

Purpose: Current FDA approved clinical screening approaches for ovarian cancer, such as CA-125
and TVU, have been shown in recent years to provide minimal improvements to overall survival
rates. This is due to the majority of ovarian cancer diagnoses coming at later stages of the disease,
which leads to poor survival that could be avoided if better early detection were available. More
effective screening agents are therefore necessary for improving diagnostic imaging of ovarian
cancer. | Diagnostic studies using larger MSNs (50-200nm) have been successful at targeting
tumors in vivo, although an optimal particle size range of 15-50nm has been identified for avoiding
RES screening and rapid excretion. Mesoporous Silica Nanoparticles (MSNs) of this medium size
range have relatively low blood clearance compared to smaller or larger particles, and have far
lesser lytic impact on erythrocytes (RBCs), serum material, cellular uptake viability, and vital organ
function than their non-porous counterparts and other nanomaterials such as iron oxide, gold and
silver. Mesoporous silica was therefore chosen as a core particle in this study, with size variation as
a key variable to be investigated. | In conjunction with choice of nanomaterial, selection of a
tumor targeting agent also determines particle efficacy in diagnostic imaging. Few biomarkers that
have high expression fidelity over all variants of ovarian cancer are useful for targeting with high
accuracy. This study therefore utilizes novel pH Low Insertion Peptide Variant 7 (V7 pHLIPs or
pFLIPs) for its dual pH —specific activity, being inert at physiologic pH and possessing active
transmembrane insertion properties at weakly acidic pH. We hypothesize that the merger of V7
targeting and a mesoporous silica nanomaterial platform will improve particle targeting for its size.

Methods: We utilized a modified Stober method to generate small, mesoporous silica
nanoparticles (MSNs) based upon Tetra(methyl/propyl) Orthosilicate (Scheme 1). Following dialysis
in acetic acid and ammonium nitrate (AN), the core MSNs were then conjugated with (3-
aminopropyl) triethoxysilane (APTES) and (3-Glycidyloxypropyl) trimethoxysilane (GPTMS),
subsequently being coated with a chitosan polymer solution. At low pH, IR-780 dye was introduced
and encapsulated. The MSN core further conjugated with 4-(N-Maleimidomethyl)
cyclohexanecarboxylic acid N-hydroxysuccinimide ester (SMCC) and V7 pHLIP to produce a
sensitively pH targeted, dye release agent (CVM-Me) for further in vitro and in vivo study. In vitro
studies were performed with 6 well plates of ES-2 and A2780 cell lines grown in RPMI media.
Particles were also evaluated in tissue phantoms by the method of Multispectral Optoacoustic
Tomography (MSOT). Subsequently, CVM-Me particles containing IR-780 dye were iv injected into
mice bearing ES-2 tumors with bio-luminescence being determined by Advanced Molecular
Imaging (AMI) and particle distribution determined by MSOT.

Results: CVM-Me’s size, 25.52 nm (average of 22 particles), as well as mesoporosity, was shown via
Transmission Electron Microscope (TEM) images (Figure 1); this was corraborated by DLS
measurements (Figure 2). DLS studies (Figure 3) showed size of core M-Me at 2h was not
significant from that at 18h (p<0.05); the size difference between P-Pr at 2h and 18h however was
significant (p=0.17). M-Me growth may therefore be static over the 18h period reported in its
original synthesis procedure, whereas P-Pr is seen to grow continuously over the 18h period. |
Washing repeatedly in MQ water following acetic acid dialysis yielded apparent decreases in d.n.m
as measured by DLS (Figure 4). The trend for both core particles was rapid decrease in d.n.m from
2-6 washes followed by a 10-fold slower decrease from 6-21 washes. This indicates that major
extraction of acid and/or CTAB may have occured most prominately during early during washing. |
(-Potential measurements confirmed chitosan coating by differentiated response to varying pH
microenviroments (Figure 5). With AN absent from the chitosan coated (CC) particle cores, a
significant increase in zeta potential is observed between pH 7.4 and pH 6.6 for M-Me 18h
(p<0.0001), M-Me 2h (p=0.0016), P-Pr 2h (p<0.0001), ANM-Me 18h (P<0.0001), and ANM-Me 2h
(p<0.0001). For P-Pr 18h (p=0.1788), ANP-Pr 18h (p=0.2995), and ANP-Pr 2h (p=0.5747) the effect
of varied protonation of chitosan at pH 7.4 and pH 6.6 was not significant. That all M-Me samples
showed pH responsiveness in (-Potential measurements suggests that the particles’ size may lend
itself better to shifts in charge than the larger P-Pr particles. | In vitro studies in Odyssey (Figure
6) and MSOT (Figure 7) showed preferential particle uptake of CVM-Me in ES-2 and A2780 ovarian
cancer cells at pH 6.6. This suggests proper activation of the V7 ligand. | In Vivo studies in
laboratory mice (Figure 8) found that CVM-Me showed higher uptake in orthotopic ovarian cancer
tumors than in the liver, spleen, or blood, at 4h post-injection.

Conclusion: We found that length of time during synthesis at 80°C increased particle size minimally
for M-Me, though not for P-Pr. Various characterizations showed that M-Me may be more suitable
to shortened synthesis and effective dye release over the larger P-Pr. Dual acidic pH targeting,
using both chitosan and V7 peptide, CVM-Me’s tumor specificity. CVM-Me demonstrated tumor
specificity in vivo as detected using MSOT.

Synthesis Schematic of CVM-Me
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MSNs. An average particle size of 25.58 +- 3.1nm was calculated by
measuring 22 particles on Image J software.
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Figure 2: DLS size measurement of core M-Me particle at a
synthesis time of 1h. Average size att = 1h is 26.44 d.n.m.
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Figure 3: Dynamic Light Scattering (DLS) measurements of the MSN
core during synthesis from TMOS, TEA, CTAB, and Methanol at 80°C.
Measurements for both M-Me and P-Pr were taken at various times
between 2 minutes and 18h. The measure of time on the x axis in
minutes is on a logarithmic scale. Intensity measurements are
shown in arbitrary units. Error bars represent standard deviation
(some are hidden under points due to small size). M-Me size at 2h
was not statistically different from that at 18h (p<0.05), though size
increase for P-Pr over the size time period was significant (p=0.17).

Size of MSN Corresponding to
Frequency of Washing

Intensity Size (d.nm)
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Number of 10 Minute Dialyses in MQ Water

Figure 4: A comparative study of the decrease in size of MSNs
synthesized by the mechanism outlined in the synthesis schematic,
though with M-Me synthesized from TMOS and methanol and P-Pr
synthesized from TPOS and propanol. The trends from 2-6 washes
were -19.425 d.n.m/wash and -11.96 d.n.m/wash for P-Pr and M-
Me respectively. Washes 6-21 had a 10-fold reduced impact on size.

RESULTS
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Figure 5: (AN-absent) MSNs without post-synthesis ammonium nitrate
washing, M-Me 18h, P-Pr 18h, M-Me 2h, and P-Pr 2h. all showed a pH
specific response during (-potential measurement following overcoating of
particle cores with chitosan; (AN-Present) MSNs with post-synthesis
ammonium nitrate washing, AN M-Me 18h, AN P-Pr 18h, AN M-Me 2h, and
AN P-Pr 2h, appear to exhibit constant expansion of an applied chitosan
overcoating during zeta potential measurements. This is only consistently
significant for M-Me particles. Error bars represent the standard deviation.
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Figure 6: Evaluation of CVM-Me particle binding specificity in the context of
acidic pH. A2780 and ES-2 cell lines in pH-specific media (7.4 and 6.6). Cell
lines were plated in 6-well plates in pH-non-specific media for growth, and
growth media was changed to pH 7.4 (top) and 6.6 (bottom) to simulate the
difference in pH of normal body tissue (pH 7.2-7.4) and tumorous tissue (pH
6.6-6.8). Final particle concentration in the wells was calculated based on
the optimal V7 (pHLIP) concentration. CC-MSN-V7 showed 4.52x signal at
pH 6.6 over pH 7.4 in A2780 cells, whereas it showed 1.70x signal at pH 6.6
over pH 7.4 in ES-2 cells. Error bars represent standard deviation.

ES-2 Phantom in MSOT
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Figure 7: Evaluation of CC-MSN-V7 specificity in tissue phantoms detected using Multispectral
Optoacoustic Tomography (MSOT). Cells were taken from a six well plate where they were
grown in non-pH specific media, and then transferred to 7.4 and 6.6 pH media, respectively,
before incubation with CC-MSN-V7. CC-MSN-V7 showed 6.98x signal in pH 6.6 over pH 7.4 in
the gel phantoms, as compared to 1.70x in the above Odyssey plate. Error bars represent
standard deviation

CVM-Me Biodistribution Imaging in vivo by MSOT

{ .3E2 Blood Vessels Figure 8: Multispectral
optoacoustic tomography detects

tumor accumulation of CVM-ME
4h post injection. Athymic mice
bearing subcutaneous ES-2
tumors were injected with 2.8
mg nanoparticles/ 100 ul PBS.
Specific particle accumulation in
the tumor was observed, with
minimal uptake in the liver,
kidneys, and spleen.

Conclusions

We synthesized an MSN of 25.58 + 3.1nm

Increasing MSN core synthesis time increased size minimally for M-Me core
particles, though not for P-Pr.

/-Potential measurements indicate the smaller M-Me platform may be more
versatile for chitosan attachment.

CVM-Me demonstrated acidic pH specificity as observed using NIR fluorescent
Imaging in vitro.

CVM-Me specifically accumulated within the ovarian tumor 4h post iv
injection as identified using multispectral optoacoustic tomography.
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Abstract Resuts  JResuts

Arylamine N-acetyltransferase 1 (NAT1) was originally discovered as a xenobiotic
metabolizing enzyme. NAT1 is ubiquitously expressed in human tissue. The endogenous role [A. = B.. . - I(:)Ir?:r':c:e:ization graphs 0.0 mg/ml 0.0 mg/ml 0.5 mg/ml
i i i i - i & —~20 s lls 25 ooo I 50,000 cell
of NAT1 in breast cancer plqugd our interest due to high levels of expression of NAT1 n ER 52 85 of MDA-MB-231 parental BN 20 009 o — > —— | Figure 3 — Comparison
positive breast cancers. We investigated the MDA-MB-231 cell line, which has relatively sc. T 8 and CRISPR/Cas9 NAT1 B ’ & of photomicrographs
lower NAT1 expression than its ER positive counterparts. MDA-MB-231 CRISPR/Cas9- Lo g5 10 knockout cell lines. A) The g taken of the bottom side
mediated knockouts have been created with no detectable NAT1 activity. These cell lines SE. g E in Viteps NS S ots 0 of Transwell® insert
h d ad fic diff i th bilitv to f loni : fi hich ts that < E :E; activity. B) The in situ NAT1 S membranes. This figure
showed a dramatic difference In the ability to form colonies In soft agar, which suggests tha < E 53 os activity of the cells. There lustrates the different
the absence of NAT1 affects anchorage-independent growth. Therefore we utilized the MDA- L35 e g was no detectable activity in number of cells that were
MB-231 CRISPR/Cas9 NAT1 knockouts in this investigation to test anchorage-independent gE " - B ND ND either measure of activity (A able to reach the bottom
growth and invasive abilities. We hypothesized that the knockouts would be susceptible to =~ 0 = 00 or B) for the knockout cell side of the membrane
h g dent tOSi i dh g di . bilit dt = Parenta 2-19 5-50 Parenta 2-19 5-50 lines. C) The doubling time E ot either with or without gel
anchorage-dependent apoptosis (anoikis) an ave a decreased invasive ability compared to C 1 hours for the three cell 5 2 for parental or CRISPR
the parental line. Both the CRISPR/Cas9-mediated NAT1 knockout and the parental line - 40 D. 1200 lines. There was no 5 NJ NAT1 knockout cell lines.
were compared side by side in anoikis assays spanning six days, Transwell® invasion, and — 2 8 000 | difference between the The gel concentration is
migration assays. Albeit prior literature reported a decrease in invasive abillity in vitro, we f; 30 ' —— = EE ;hljﬁﬁ,gf'(')f"ﬂﬁﬁgn?e)sT:;e to glﬁe?n?f 22 ::S/:ﬁlpgrf]ctjhe
: : : . O 800 u ,
determlned.that the absence of NAT1 in I\/IDATMB-2.31 cgl! lines had little to no effect on £ E’g form in & soft agar assay. iRt e (A gy
anchorage-independent growth and the cellular invasion ability (P= 0.19). Thus, the absence 2 20 5 8 600 There was a significant x - number of cells that were
of NAT1 in MDA-MB-231 cells did not affect anchorage-independence or invasion, but rather 2 3 g 400 reduction of soft agar n 0 seeded into the Transwell®
1F : Lo o 10 E o colonies for the CRISPR X w insert.
the ability of those cells to grow in close proximity to one another. o ST 50 cell lines compared o the o |
= 0 0 parental line.
H y pOt h es Is Parental 2-19 5-50 Parental 2-19 5.50
As supported by previous literature, we hypothesize that the CRISPR/Cas9-mediated NAT1 _ _ | -
knockouts will have a decreased invasive ability in MDA-MB-231 cell lines compared to the Relative Invasion e LG s LU DL AT AL DL S22
. : . : . . parental and NAT1 knockout cell lines.
parental line. The dramatic differences in soft agar colony formation led us to hypothesize 100
that the CRISPR-Cas9-mediated knockouts may have a decreased ability for anchorage- 80 Relative invasiveness was calculated by dividing the cells
independent growth. A B C that invaded through the 0.5 mg/ml gel matrix (insert seeded
- » 60 with 50,000 cells) by the number of cells that migrated
Sarenta CRISPR 2,16 CRISPR 5.60 S through no gel (insert seeded with 25,000 cells). The
40 . RO
50 0. 50 resulting one-way ANOVA of the relative invasiveness value
CRISPR/Cas9 C tructed NAT1 K ot ) :EOlgHEMéMA 0 *BITOII);HII;E/IZAQMA 0 *EO‘&HSMQMA 20 for each cell line was non-significant (P=0.19; N= 4).
as9 Constructe nockou S 60- °Fo S 60- = oo £ 60 = NoPo
MDA-MB-231 parental cell lines were transiently transfected with a single plasmid containing £ 40 £ 40 2 40 orental | CRISPR 219 CRISPR 5.60
GFP, Cas9, and either guide RNA 2 or 5. Cells were sorted/collected for GFP expression and 3 20 3 20 3 20
allowed to grow into single-cell colonies. Initial characterization was done with RFLP-PCR. o} _ , , o} , , , o] , , , _
0 50 100 150 0 50 100 150 0 0 100 150
Hours Hours ” Hours C o n CI u S I o n S
Anoikis Assay
96 well plates were coated with two layers of poly-HEMA. The poly-HEMA was made D. E. We examined anoikis resistance and invasive ability of NAT1 knockouts in MDA-MB-231
by diluting 50 mg/ml stock at a 1:10 ratio in 100% ethanol for a final concentration of PolyHEMA No PolyHEMA breast cancer cell lines. Previous data from our lab showed the CRISPR/Cas9-mediated
5.0 mg/ml. Plates were dried over night between each coating. NAT1 knockouts yielded significantly fewer colonies in soft agar assays. To further
- 4.0 x 103 cells in 100 pL of complete media including a 0 cell control was added for - 38 -e- Parental - ‘738 -e- Parental understand what may be causing the difference soft agar assays, we investigated the
each condition. Cells were incubated over night before recording the 0 hour reading. T oo == CRSPRZHY © o = CRISPR 2-19 CRISPR/Cas9 knockouts anoikis resistance in comparison to their parental lines. The
Before reading, 10 uL of AlmarBlue® was added to each well and incubated for 3 3 50 e ERISER =0 3 50 e CRISER oo data showed that NAT1 knockout cell lines retained the same level of anoikis resistance
hours. A reading was taken from 0 to 120 hours every 24 hours. Q 40 9 40 as the parental cell line. In this study we also investigated NAT1 knockout cell lines ability
Invasion Assay % gg % 28 to invade through the Transwell® membrane. The results suggest that there was no
A.100 uL of Matrigel® was added at the bottom of 24 well Corning®Transwell® inserts @ 5 § i significant difference between parental and NAT1 knockout cell lines. Further studies may
and cured for 2 hours at 37°C with 5% CO.,. 0 0 examine the mechanism by which MDA-MB-231 NAT1 knockouts appear to be inhibiting
B-C. Inserts were seeded with 5.0 x 104 or 2.5 x 10* cells resuspended in minimal 0 24 48 72 9% 120 0 24 48 72 9% 120 their own growth in close proximity. Understanding NAT1s role in breast cancer may lead
media. Complete media was used as a chemoattractant and added at the bottom, Hours Hours to a novel approach in inhibiting cellular metastasis.
separate from the Matrigel®-fi|led insert. The inserts incubated at 37°C with 5% Figure 2. — Growth curves for MDA-MB-231 cell lines with standard adhesion or anchorage-independent conditions. A-
C) Parental and CRISPR cell lines growth curves comparing its ability to grow in poly-HEMA coated wells (anchorage-
C_OZ fqr 24 hours. _ _ _ _ independent conditions) versus standard non-coated wells. Parental and the CRISPR/Cas9-mediated NAT1 knockouts ACkn OWIed o eme ntS
% f I hem f h
D. To visualize the cells, we fixed the cells with 10% formalin, dyed them for an hour in displayed a high level of anoikis resistance when compared to standard anchorage growth. Comparisons of the two different R h fundi tod by the Uni v of Louisvil 4 the National C
crystal violet, and washed with water 3 times. conditions for each cell line by Student’s T-test showed no statistical difference (A. p=0.63; N=3 / B. p =0.88; N=3 / C, p=0.72; es_earc unding was supported Dy the Universily of Louisvilie an € National Lancer
— N=3). D-E) Contrary to the hypothesis, the NAT1 knockouts had comparable anoikis resistance to the parental strain. Each cell Institute R25-CA134283 grant.
‘ I | I Tustrat " . line was grown n p_oly_—HEMA coated wells or standard wells over the course of 6 days. Comparison of these resulting curves A special thanks to the Hein lab and members from States, Kidd, Siskind, and Beverly
(llustration) ) Hulkower showed strong similarity between each cell line.
Herber, Pharmaceutics 2011, labs.
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INTRODUCTION RESULTS

Mutationally activated RIT (RIT1-Q79L), a Ras-related GTP-binding oncoprotein,
was not considered important in carcinogenesis until recently. RIT is now
identified as a key oncogenic mutation in about 3% of lung cancer cases,
determined by the mass genomic sequencing of tumors. Lung cancer Is the
most common cause of cancer death in the United States for both men and
women. Every year, this translates to more than 5,000 people being diagnosed
with incurable RIT-driven lung cancer. Yet, for the process by which mutationally
activated RIT contributes to lung cancer as well as the signal transduction
pathways involved remain largely unknown. We have Iidentified the tumor
suppressor NOREI1A as a novel direct binding partner of RIT Iin a yeast two
hybrid screen. Here we show that NORE1A and RIT can complex in mammalian
cells and that NORE1A acts as a protection mechanism against RIT-mediated
hyper-stimulation of growth and development pathways. Suppression of
NORE1A expression was essential for RIT to express its transforming
phenotype. In tumor cells, NORE1A is often silenced by epigenetic inactivation
hence, knockdown of its expression will facilitate tumor formation due to RIT.
The Importance of identifying and characterizing this interaction, as well as
understanding its mechanism of action in the event of lung carcinoma may lead
to the development of better targeted therapies for RIT driven lung cancer.
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Figure 1: NOREI1A interacts with the small-GTPase RIT. NORE1A and RIT were Figure 2: NQRElA suppresses RIT mitogenic signaling. HEK293 cells were
initially identified as binding partners by a yeast two-hybrid screen. We sought to transfected with GFP-vector, GFP-tagged RIT Q79 or GFP-tagged RIT Q79 and HA-

confirm this result by using two different assays. First, fluorescence microscopy tagged NOREIA. When RIT is mutationally activated, large increases are observed in
images of GFP-RIT paired with a RFP (KATE) tagged NORE1A shows that these two bqth Ga_I/EIk (p<0.05) and NFkB transcrlptllongl activity. When NO_RElA IS co-expressed
proteins co-localize on both the cellular membrane as well as in punctate structures in with activated RIT, Gal/Elk and NFkB activation are suppressed in HEK293 cells. NIH-

the nucleus. Next we used a co-immunoprecipitation assay where cells, transfected 313 gell:s_ were transfe_cted with .GFP-vector (blue) or GFP-tagged RIT Q.79 (rgd) n
with GFP-tagged wild-type RIT and mutationally activated RIT, were combination with previously validated shRNA constructs for NORE1A including a

Immunoprecipitated using GFP-agarose beads. Here we found that NORE1A binds scrambled vector qontrol and two different ShNORElA Sequences. S_uppressior_\ _Of

strongly to both wild-type and mutationally activated RIT. NORE1A allows gctlvated RIT to more powerfully activate Gal/Elk transcriptional gc?tlw_ty
(p<0.05) supporting our results from the HEK293 cells. In regards to NFkB activity in
NIH-3T3 cells with mutationally activated RIT, we did not observe NORE1A following a
similar trend.

Figure 3: NORE1A suppresses RIT mediated growth
stimulation in NIH-3T3 cells. NIH-3T3 cells were
transfected with GFP-vector or GFP-tagged RIT Q79 into
stable cells lines expressing a scrambled shRNA vector
control along with two sShRNA constructions against
NOREI1A. Activated RIT was only able to enhance cell
growth in the absence of NORE1A expression supporting
our hypothesis that NORE1A likely functions as a cellular
protection mechanism against mutational activated RIT
growth stimulation.

METHODS

Cell Lines: NIH 3T3 cells are a mouse fibroblast cell line and were maintained
iIn DMEM with 10% calf serum (CS) and 1% penicillin-streptomycin and HEK293
cells in DMEM with 10% fetal bovine serum (FBS) and 1% penicillin-
streptomycin. NIH 3T3-shSCRAM is stably transfected with a scrambled control
ShRNA. NIH 3T3-shNORE1A 367 and NIH 3T3-shNORE1A 971 were knocked
down for NORE1A expression. All three cell lines- NIH 3T3-shSCRAM, NIH 3T3-
ShNOREI1A 367, NIH 3T3-shNORE1A 971- were constructed and generously
gifted by Dr. Howard Donninger.

DISCUSSION

RIT has been now identified as a driving mutation in about 3% of lung cancer cases, although the signal
transduction process by which mutationally activated RIT may contribute to cancer remains unknown. We have
identified a tumor suppressor called NORE1A as a direct binding partner of RIT. Studies in which we examined the
action of RIT in cells knocked-down for NORE1A showed that NORE1A suppresses both the mitogenic signaling
and the transforming activity of RIT. As NORE1A is frequently inactivated by promoter methylation in lung tumors,
NORE1A inactivation may be essential for the development of RIT driven lung cancer.
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. L Conclusions
Luciferase Assays:. HEK293 cells are human epithelial cells that were

transfected with expression constructs tagged with fluorescent protein (GFP) or
human influenza hemagglutinin (HA), incubated for 24 hours and then lysed. NIH
3T3 cells were transfected with expression constructs tagged with fluorescent
protein (GFP), incubated for 24 hours and then lysed. Gene expression In
HEK293 and NIH 3T3 cells was measured using a Dual Luciferase Kit from
Promega along with a Berthold Technologies Lumat LB 9507 tube luminometer.

1. NORE1A and RIT form a complex in mammalian cells.

2. NOREI1A suppresses the mitogenic and tumorigenic phenotype of RIT oncogenes.

3. Epigenetic therapy to restore NORE1A expression may be a novel approach to suppress RIT-driven lung
cancer.

Figure 5: Schematic of proposed RIT Q79/NORE1A
Figure 4: Loss of NORE1A expression increases tumor suppressor pathway. NORE1A binds and
tumorigenic potential of NIH-3T3 cells in the presence suppresses mutationally activated RIT (Q79) oncoprotein
of activated RIT. Three NIH 3T3 cell lines- shSCRAM, directly, resulting in the suppression of RIT growth and
ShNORE1A 367, shNORE1A 971- were transfected with transformation signaling via Gal/Elk pathway regulation
GFP-vector (blue), GFP-tagged RIT (red) or GFP-tagged and NFkB growth and transformation signaling control. In
RIT Q79 (yellow) in the presence (pRS vector) or human cancers, loss of NORE1A expression prohibits this
absence (pRS 367, 971) of NORE1A expression. The top functional interaction, leading to excessive proliferation
right image is a representative single-cell of NIH-3T3 in signaling through a number of pathways including Gal/Elk
agar while the bottom right image is a representative and NFkB signaling mechanisms.
tumor colony of NIH-3T3 observed. Our results show that
the loss of NORE1A expression significantly increased
anchorage-independent growth in NIH 3T3 cells with
either wild-type RIT or mutationally activated RIT (p<0.05)

ting that RIT drive t f ti ither b
increased stoichiometry or mutational activation. ACKNOWLEDGEMENTS
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Proliferation Assays: NIH 3T3 cells were seeded in the wells of a 6 well plate.
Each cell line was transfected with expression constructs tagged with fluorescent
protein (GFP) and incubated at 37°C. Cell counts were taken every 24 hours
using a hemocytometer.

Soft Agar Colony Formation Assays:. NIH 3T3 cells were transfected with
expression constructs tagged with fluorescent protein (GFP), suspended In
0.35% agar solution and seeded on 0.7% agar base in the wells of a 6 well plate.
The cells were incubated at 37°C for two weeks before colony counts were
measured.
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Chronic medication use in chronic diseases along with chronic cancer treatment could lead to . L . . . .
5 We hypothesized that individuals being administered Tamoxifen are not being

further medical conditions as a result of inadequate monitoring. The percent of older adults is Data Collected _ _ _ _ _ _
appropriately monitored which could lead them to increased risk of medical

rowing and as such, the percent of persons living with breast cancer as a chronic disease is . . .. . . . .
5 5 P P 5 Number of Charts/Subjects 93 conditions arising such as hypercalcemia, uterine malignancies, or stroke. Our

Eguwalient o 20 mg samossBon

Discussion

rowing .(1)One medication which is a corner stone of long term breast cancer therapy is - . . L .
$ f (1) 5 Py Age Range of Subjects 60-100 results reveals consistent gaps in monitoring, despite the rare case of attempts to
amoxifen. - . . L
Average Age of Tamoxifen User 70-5 provide appropriate monitoring.
The traditional course of treatment spans approximately 5 years, and since the findings of the Missing Indication for Tamoxifen Use 6 6.4% Ac the clinical ad g i o tod. it didr’t h " A sionificant
- - s the clinical adage goes: “if it is not documented, it didn’t happen”. A significant source
ATLAS study in 2015, the standard of care will increase the average length of Tamoxifen Duration of Therapy Documentation (ATLAS |All documented | One two years over 10 yrs. 5 g. _ PP 5 .
treatment to 10 vears . (2) study:10 yrs.) of lack of documentation appears to be incomplete records. For example, a patient seen
| Calcium Monitoring Absent 26 28% by our system for reconstructive surgery, where the sole documentations are the
Adverse drug events account for a high percentage of hospitalizations in older adults and No Calcium Level Documented Within Past |43/67 56.5% not current medications and surgery procedure summary note for clinic follow up, devoid of any
estimates reveal that up to 33% of all hospitalizations in older adults are due to medication Year of Levels on Record. S}git?]?yt?g?zri;(;rygz;rthn;ﬁ%ito;r:]nngualIy laboratory findings or progress notes. This gap in documentation causes a missed
relat.ed Proble(rjnsf(\.% )One m.efalns of preventing adverse drug events is through adequate the next year, then a’nnually thereafter. opportunity for each clinician who accesses the patient chart to have the data at hand to
monitoring and pharmacovigilance. (4,5) (appropriate Ca++ monitoring with perform pharmacovigilance and drug use surveillance. Most serious adverse drug events
The medical literature describes the common adverse events which with tamoxifen is Tamoxiten use) are not discovered until the case enters the ER door, and 1 in 3 hospital admissions in older
associated. (6) Namely, hypercalcemia (especially with initiation of therapy and in patients with ﬁgsoern;tcigﬁgmentatlon of screen for DVI,  190/93 Ii?);sf/e Socumentation adults are due to adverse drug events, yet, appropriate drug use monitoring is one means
bone metastasis), deep vein thrombosis (DVT), pulmonary embolism (PE), stroke, and uterine (Increased clot risk with Tamoxifen use.) Case 1° “no sign/symptc;ms of DVT” to prevent unnecessary medication related harm. (7,8)
malignancies. Case 2: “no s/s of stroke or M The average office visit consists of 15 minutes, of which 7 are used for establishment of
: .. : . : . : Case 3: “no s/s of DVT , , _ o
Appropriate pharmacovigilance for chronic Tamoxifen use also includes: tolerability, duration of : — : _ the topic or problem to work on, leaving 3.5 for problem solving and 3.5 for medication
, , , _ , o Patients receiving Tamoxifen therapy with a |2 2.1% o . _
therapy, drug interactions, and drug disease interactions (contraindications). history of stroke, DVT, or PE Not the same cases as above. management. (9) Thus, it is easy to understand why patient records are incomplete. The
Ob . t Absent documentation of monitoring for 00/93 96.7% absent mandate to use EHRs by the affordable care act was a step towards the possibility of
J eClive uterine malignancies. Positive Documentation: universal health records, which may some day help improve the problem of incomplete
Cases 1-3: "Reminder to check bone
. . . . . . . . charts.
To characterize and discuss the current state of Tamoxifen pharmacovigilance in a sampling of a density, cervical pap smear, and
patient population. _ — _ _ ma.mmogram. I -
Patients receiving Tamoxifen therapy with 1 This case was not one of the 3 cases CO NCIUSIons
H th " the presence of a history of uterine listed positive for uterine malignancies _ _ N .
yp O SIS malignancy. monitoring documented or in the care This study provides a description of the current status of Tamoxifen
plan. Pharmacovigilance and can be a starting place for benchmarking improvements Iin
We hypothesize that individuals being administered Tamoxifen are not being Patients receiving concurrent Warfarin or 2 One case taking Warfarin and one Tamoxifen safety and use quality improvement interventions.
appropriately monitored which could lead them to increased risk of medical conditions other Anticoagulant therapy. taking dabigatran
arising such as hypercalcemia, uterine malignancies, or stroke. (Tamoxifen Is pro-thrombic) Acknowled gm ents

Contraindications for Tamoxifen: Known hypersensitivity to the drug or any of its ingredients; in women who require concomitant coumarin-type anticoagulant therapy or
in women with a history of deep vein thrombosis (DVT) or PE (reduction of breast cancer incidence in high-risk women/DCIS only).
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