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Data Collection

The microsatellite genetic
EEOEy 10U UTTu , TEEOO19EXEIEN 1EQETU
herd had previously been collected
and archived at Texas A&M Univer-
sity. Previously established protocols
o= EOET00uT0uEN {22 €A TUTUOUT ELlOUED-
UTOUOTYTOUOTEEYOTITTOTOIUOTUTUURO
Ely =Ty ESETOOUMRE EOEY x00aO0Ux THEL
pEOOUEROROTY OOUTu UTEGQ 00Ty EQOT0TA
microsatellite markers. The markers
EOE0AAIELPIUIN &+ SUN &+ (0t
V,oStSTuY , TgaUlu! , TEStW Y , USTEW
1,2qel 1, 2TeTels  "*22, tT
22, Tl 1, Suth 1, €l 27253t
EOEI3&+ 11Va3TTuOEIOTUIUXEQDTEY
sa1 ETUOO0U0O 10 00l t2u UOUEN ETUO-
O0UOOTUu bOu ERUOOK EOEY PTUTu UUTEL
IOuTDITTUWERETOOUTUOWEOO rUOUP TTIT-
10 EEYOTu TTOTwOIUOTUTUURGO TEE OF-
EUOUT Eup = EOE TUONT IuECHT 22 €A

#EEw OEfalRU

To analyze the structure of
the population, I used y¥Yyk¥yYx v.
10t0Tug/UB0ETEUEY 10w E0R {222k PRITLITTu
> TuOPEUOUENTO0RUTu0OER TOUNEN 20U 22000 -
dividuals. I used the admixture mod-
el and ran seven repetitions for each
*YEQU TupZ1 TR PR Tu*=uETDO TWTTuOU O -
ber of assumed genetic clusters and
calculated the mean of logarithmic
xUOEEEDRaup" "EOuTWEN2ZUAiu(uUUT EEy
EQUOmOu x TUROE Oly €220222u V0T x Ui EOE

, 0001y *EU00u , EVOOY " TEDOw , ™" ,, ""Au
UTx0T0TUTiOi€220222000T < WEOEIETOUTY
the K genetic cluster values based on
methods published in the literature
0/80400 IIEQE Al Uil 2= Al

The two indices of genetic di-
Y100002u0TER @OUTELRTUTupz AR TENT Ey
heterozygosity (H_AEOE1§1AOUOET UL
of alleles and their associated fre-
guencies. Expected heterozygosity
is an indicator of genetic variation
and provides information on the fre-
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es the results from the analysis, and
20xx01OTOIEVAuY TUUTu2 200000 T Tu*u
values and shows the most probable
likelihood value.

The expected heterozygosity
(H Ap0ELO TEVOUTLOTTTOT IELYELRE(ROC
based on the frequencies of each al-
lele at each Jocus, The average H, val-
U 1Uu 1OUrEOOu 2 Tu0OE PEUIEOOU TuUOu2up =
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ed my hypothesis that there would
be multiple clusters. This indicates
that the individuals are part of one
interbreeding, or admixing, popula-
tion and that genes are randomly dis-
tributed among individuals. Admix-
ture occurs when individuals from
ed populations interbreed and gene
ROPUOEEUIup10UEDEL#EURO Tu 2= TA
(OUEEEDROOMIT TuT FTEIUO WU T TUTBUIOUBEY
EOUITOTEOUEUTu0nO 102wl TEY TWTEUETEy
the genetic variation within the loci.
311w EdFTUTOETy 8Os OTECu TUROEITEY
natural log probabilities between K =
SIEQEI A TOPTYTUNB0EIOUT U TEDL
the other clusters, hinting that per-
haps two clusters are forming in the
population. Future studies could po-
(TO0REN2wBOY TUIRTEITLUTo0 TFTEW UBOTY
more genetic loci.

[..]

The mean expected het-
erozygosity was relatively low for
the markers used in this study and
ITTu00UEWOUOETUOTVEWNTOTUEN T TuZ Ty
markers was also low. Heterozygosi-
ty is commonly used as a measure of
genetic variation and the values are
expressed as the frequency of hetero-
AATOUTUugdiTdu (T TwEOTOT U EUTu EDFTUTO
EQTEETWOEUUAG(UpUuteOT02ul TEI T Tu0OPU
YEOUTu 00u 1Ty, TEEOOIQEXE(EN EBUOOU
population is a consequence of the
TOUUOUREEWEOYOTOTEON 3axBEEN AN ETUT Uy
Eu EOYOTOTEON TYTOU TTUTUOAATOUR AW
levels are expected to decline due to
a random loss of alleles (Allendorf
EOEu +1EU&u XOwT0u — 100 10 B0 SOU€KL
population reduction can also re-
sult in inbreeding, or the mating
between closely related individuals.
Inbreeding increases the proportion
of homozygotes (thereby reducing
T10TU0aATOIAKEOEIEEQUEOUOWOEUTEUTY
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ALK-EM L4-Positive Cancers and

Combination Therapy
Probing the Apoptotic Threshold

Teagan H. Glass

The following is an excerpt from a longer piece. For full text, please visit www.honorsjournal.com.

[...]
KKYY¥Y KKY

CHukQQu¥Hx diseases currently being researched, lung cancer is one of
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initial slope of the curve and a larger
TFIEN EQWUTTyUEOTu EOOETOIUEIROOU El
crizotinib, indicating higher biolog-
PEEO EEODYRIaW EOEN OERDOEN 1SEEEA
Paragazole exhibited the least po-
tency, by far, with an ECtemOI'mi_;ﬁprM
(%DlouZ#A. Perhaps the most striking
characteristics of paragazole treat-
ment compared to that of treatment
with either ALK inhibitor was the rel-
atively miniscule slope and maximal
T1SEEEANONITTUEOUTIUTUxO0UTH6 TH0Ty
higher concentrations of paragazole
would be necessary to achieve a com-
plete sigmoidal dose-response, the
data collected represents the relative
POTFIERYTOTUON = #  **uO0WIlOP Ol
Based on the data produced from
single-drug treatments, it is evident
ITEWEGITUEWRAORORELEDEL  /1t2=TuO0
their own achieve powerful maximal
TSEEENTUNEND T00EuxOUTOEDT UWENUTE-
sonable concentrations, in terms of
short-term in vitro treatment. Parag-
azole, on the other hand, exhibits

OOpOEW xOUT10Eaw EOEI OERIOEN 1S-
cacy, even at concentrations much
larger than that of either ALK inhib-
itor. Clearly, it is the kinase activity
Ol +*1$ , +TulOUOOuxUOUTOOWTEN
predominantly confers survival. Due
00u U7 Tw EdUxEURIAN ETURTTOu 0T Tu TFTENU
of individual HDAC and ALK inhi-
bition, it is not obvious that much
stronger activity would be achieved
in response to treatment with parag-
azole in combination of each of the
two ALK inhibitors.

Combination KYkrK Treatments

The focus of KYkHK analysis
is being able to quantify synergistic
activity between two drugs in com-
bination by creating a response sur-
face model. Drug relationships are
represented and evaluated by the Fu
YEOUTO P TTUTu FOYW FAY0 EOEY FéYu EUTY
indicative of antagonism, additivity,
and synergism, respectively.

A 165

Effect
=3
n

log Dﬂﬂgé‘;_"wu

| TRy —

Figure 1. 200 TOTTEVUTUEGUTIUTUxO00TUiup  AuOUTIUTUxOOUTuOM = £27u00uEIRAOIODED ¥ Au#OUT1UT -
UxO0UTuOI = 2110000 ZEZtTouo" "Au - YTUOEE Ol EOUTIUTUxO0UTuOM = £57 1w 00uECRAORORENgEOUT A &
/tESTuTUTTOMENUO P UBOEDEEITWOEEROOIO TS . fuprtAi#OUTIUTUxOO0UTuO = £5 1 ul0u<EVETEACOT L
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A crucial element of the ex-
periment is establishing the baseline
activity of each individual drug. This
PEW EOOTu Eaw WUTEMROTY = €211 PblTu
EUbaGUROPEN /1822 TwEOEL xEUETEAO0TU
“in combination” with themselves in
order to achieve purely additive re-
sponses. These self-self combinations
ADTOETEY pu YEOUTUn YTUW E0OUTu U0u &TUO
T3 T TR TTRETYDEROCUOLITIUTY
YEOUTOu 106 Ou pézublu OO0 0OEREERY Tu O
antagonism, in the case of ALK self-
self trial, or synergism, in the case of
the HDAC self-self trial, but rather
demonstrates that the set-up for the
experiment was less than perfect;
the numerous intensive and tedious
steps of the drug addition process for
KYKiK analysis yield many oppor-
tunities for small errors to be made.
The presented data were produced
from two biological replicated of
each combination.

Establishing an  additive
baseline with the self-self trials is
necessary to accurately determine
the relationship between ALK and
=#  "OTENOUUPTTON ™ t2 WP 1Ty
treated with the two combinations:
EUbaGUROREY=EUETEAO0 EOBL  /822Tr
paragazole. In order to verify the
combination response, each drug
pair is tested on two microplates,
with the two drugs added in two
EDFTUTO0OURTOUERGOUM%OUTEETUEOO-
bination, crizotinib/paragazole and

/2 TrxEUETEAOOTWRuYEOUTUO ub 100u
over zero were produced, indicating
strong synergistic activity for each

ALKi/HDACI pair (%010t — 00000
EOulTTupu YEOUTULEOOTTU UAOTU TN EUlY
so do the response surfaces produced
by the KYk#K analysis (%1 TA The
key feature of a synergistic surface
response is the rounding of the re-
sponse as the concentrations of each
drug increase. This is clearly seen in
both the crizotinib/paragazole (Fig.
T W EOEs  /1tZXTrxEUETEAONu oFig.
T1A response surfaces. This rounding
indicates that as the concentration
of one drug increases, less and less
of the other drug is required to pro-
EUETu UTTu VEOTu TFTENW TRTOXpIap0Tu
a synergistic relationship between
each ALK inhibitor and paragazole.
All results yielded positive k values,
yet with varying magnitudes due
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0.0~

T
-3

2 i
tog Dose . 2= S BRI | =

log Dose (uM) ] |

%T0Uly € Simple combination
treatments; dosage represents
the concentration of each drug in
combination.

0 K #OUTIUTOxO0UTY Oy = £ U0
crizotinib & paragazole in com-
EpOEROOH otk #OUTIUTUxO0UT Olu
=200 /1tIZTu& paragazole
201 EOOEDOEROGH o *Au - YTUOEaW Oly
EOUTIUTUxO0UT UM = £ 1uI0uEIRAOIROREWEIUTAEOEIEIRAOIONELI& paraga-

- YTUEaWOIEOUTIUTUxO0UTUOM = £2 100 /82T IUTTONECEN Z1tZTu
& xEUETEA00T190: EOOEROEROC UT EAWEIIOPUBOESEENTUS$ ™", concentra-
OO0 pPAu - YTUEAuOIWEOUTIUTUXOOUTULOl = £ TuUOuEUDAOWOREL& paraga-
4001 OUEOOEDOEROCupx UUX0TAEOEN  /t22Tu& paragazole in combina-
(BOOwUTEALEIIOP UBOEDEENTIS' ", concentration.

Since synergistic activity was
observed with each ALKIi/HDACI
combination, staggered combination
experiments were conducted in or-
ETU0OuTUUEERITOIITTWOEUTUY TEM FTEIU
were dependent on ALKi or HDACI.
These experiments were done by ini-
(PEO0AWIUTERO Ty = =1 Wbl TuOO TUEUU T
followed by the addition of the other
EVUTuONUT TuxERUETITU TuTOUUUE 1 60T
combinations yielded stronger re-
sponses when ALKi was the initial
treatment. As expected, due to the
EDFTUTOETy D0u xOUTOEau ETUPTT0u (T
two ALK inhibitors, the initial ad-
EdpOOu Ol Z1t=XTu TRTOEDTEY TOT 110
potency and biological activity (Fig.

TYAcompared to when crizotinib was
the initial treatment (%TauT A Also,
as expected, a higher potency was
EEDIVIEWLTION /1t TuPEUlTTWTE-
ondary treatment compared to crizo-
tinib. Due to the fact that survival of
ALK+ cancers is highly dependent
on constitutive ALK activation, it is
not surprising that ALK inhibition
appears to be the dominating factor.
However, the discrepancy between
responses of ALKi as initial vs. sec-
ondary treatment could be due to the
OEUTTuEDFTUTOETunOu xOUTOEAETUP T O
both ALK inhibitors and paragazole.
YUETOO TuE&UI T T T0EDDY 102100 bul SEEEA
of paragazole single-drug treatment,
it would not be expected that HDAC
inhibition would lend itself to great-
T+ TFTIERYTOT000 all UDAUOE-
neous combination treatment yields
dramatic results. In order to truly
determine whether or not the ob-
served synergistic activity is HDAC-
or ALK-dependent, comprehensive
mechanistic studies would be have
to be conducted.

KiykyyyricC

Combination therapy is be-
coming a widely used strategy to
OOUTul SEEENOUU0AUIUTENERT OIUERET -
nosed with cancers harboring genetic
EETUUEIROON Ux TEDrEEN AN (TOUTY BPTIETY
confer drug resistance. Approximate-
(auUateaax T10x0TuEUTERETOOUT Eu b Ty

+*1$ , +TrxOUBYTu OOOTUOENN ET00
lung cancer each year (Sasaki et al.
1222k 3TTuxUTYEOTOETuOTuTTUTEDET -
noses necessitates the formulation of
TFIERY 100 TERECRAT Es(UTEIOTO0UITEN
can overcome the resistance mech-
EOBUOUN Ofu (TTu +*1$ , +Tu TIOM [1U-
sion. While tyrosine kinase inhibitors
p3* (WEOOIROUTuIOWETuUUTEwOuERODEEN
trials to treat these patients to inhib-
it the kinase activity of the fusion
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product, acquired drug resistance to
ALK inhibition therapy is nearly in-
evitable. Therapeutic combinations
are a promising method to overcome
resistance mechanisms such as ALK
TIOTLEOXRrEEROOL EOEL x0pO OUIE-
tions in the ALK kinase domain. In
this project, it was found that com-
bining of ALK inhibitors (crizotinib
Ol /12 Th BT ITTu =#  *"udOTOE-
itor, paragazole, produces syner-
TOU0REw TFTE0UL UTE EUTu EOOUDETUEE AU
OOUTUTFIERY TuITEOUEQau Ol T TulTUT Ty
single-drug treatments. While the

Z1tIITr<EUETEAO0TL  EOOEDOEROO
was found to be more potent than
EUpaOIBOREY<EUETEACOT 01 (100N EGOrUOU
that combined ALK and HDAC inhi-
bition is a valid potential therapeutic
ExxUOEETWOWUTEROTY +*1$ , +TIEED-

EN0UB##1 rOplBY 10au00E UEBOTUET0UE TECTY
0u +*1% , +TWUOOUINBOUENXUTY 100
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0O TEOTuTlE 12X ThN = # "W TEUWEOIOY
been shown to induce intrinsic apop-
000RELxEIT PEAUNYDELx EGUEEIRYEROOH 1 u
inactivating nuclear histone deacety-

preventing its inactivation via ubig-
UbOROEROOuE N , # . 109 TUEOTu 2= Al
x €ty EEIBYEROOu SOEUETUN TRxUTUUROO
of many downstream pro-apoptotic
TEEIOU0W Ofu 0T YEOTw TEOR0&0 UUET Ely
10O QTEOTu 10y E0Gu UT<OU0U ITEN WUEOD-
scriptional activation of pro-apop-
0G0pEw ¥ EOTUTEEIOUUBULENUOLO TERE(T ELE au
TaxTUEET0EROCu Ofu UTTu = twEQEL = Tu
histone subunits, a result of class-I
HDAC inhibition. Bao et al. also ob-
UTUYTEw (1800 Tax TUEETUA0EROOu Ol = t
EOEs = Tu EUy Eu UTUU00 Oy @UBUROOUIEN
treatment. Finally, HDAC inhibition
TEWETTOuUTOPOu 001 EEUOTEITN23 31
activity, an essential transcriptional
regulator of factors that promote cell
survival, growth, proliferation, and
EDF10UTOWEROOuw3EOTAE PEII IEM 2Z Al
= axTUEET0A0EROOu Ofu 23 3ty EUTy 00u
HDACIi has been shown to inhibit
its phosphorylation and catalyze its
translocation from the nucleus to the
cytoplasm, therefore diminishing its
capability to induce transcription of
its downstream factors (Gupta et al.
122009 TUED T 2Z tAl

The fact that both ALKi and
HDACIi produce overlapping and
00010YTUEXxBOTu TFTEI0 8O TTUOU Ol
stimulating pro-apoptotic pathways
could very well explain the synergis-
tic relationship between the two in-
hibitors when administered to ALK-
$ , +TUEEOETUUNG TTOUEOOENOTEWPYITY
ET1x010000u0lt  +*uEOE123 3tuEEDYD-
ty via ALKI, concurrent activation
of the TNF pathway, along with the
UxzUTTUOEROOu Olu xUOTExOxUOURE ¥ E01
xUOUTBOUL YDEU x €41 DOEUEROOU EOEL ToU-
tone hyperacetylation, HDACi may
overcome pro-survival mechanisms
UlplbalElEas +*1$ , +Tu—2""+""Uau" " TU-

tainly a threshold is reached where-
p0u [Ty xUOIExOx(O0EN TFTEI Ol +7*u
and HDAC inhibition overcome all
pro-survival pathways and induce
cell death. While much mechanis-
tic-focused work must be done to
validate this hypothesis, recent re-
search, as well as the data presented
pOuI B0 xExTUWEOO rUOUITTu0T O OE-
cy of combining ALKi with HDACIi
EOu Ey OTEQUu Ol (UTEIROTY  +*1$ , +Tu
cancers. In addition to establishing
the precise mechanisms that confer
synergy between these two drugs,
employing this combination thera-
xauO0u +*1$ , +Tu ET000 UTED TRTDEN
ALKi-resistance would further the
validity and value of this particular
approach. Only by formulating a spe-
cialized treatment that is capable of
overcoming acquired drug resistance
to ALKi therapy can we improve the
guality and longevity of life of those
EDETOOUTEL BTy +*1$ , +TrxOWRY Ty
cancers.
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%EQTu 10u E0iu 2= €A EOUOU EOU-
related music to language and found
that both music and speech involve
perception, action, learning, mem-
ory, and emotion. They led a da-
ta-driven analysis in which partici-
pants underwent a natural stimulus
IUOEROOEN , 1(up—1i , L(APT0TuOU-
sic and speech were used as stimuli.
It was found that music and speech
produced almost the same results,
with distribution of activity as shown
DOUSEETuZup%E D Tul (ER0] 22 €Al

[..]

While fMRI proves to be a
consistent and reliable tool for study-
ing the brain, electroencephalogram
05 &A DU EOOUTTU PEAW 101 ETITUONOT
the exact locations of the brain that
processes music (Nizamie and Tik-
OE0u 2= TAdu (lu PEUL EBUEOY TUTEWITEW T Tu
acoustic circuit involves the auditory
nerve, brainstem, medial geniculate,
body of the thalamus, and auditory
EOUITRY g—DAEODTL EQEL 3000EN 12X T
Not only do these areas of the brain
strongly correlate to the limbic sys-
temn, but after undergoing music ther-

apy, schizophrenia patients showed
UpTODrEEON ETEQTTU dOu UMy TUOOUEN
EEG after undergoing music therapy
UTU0DOOU p—DAEOD T EOEW 3D00EN 12X TH
which is strong evidence that music
EOTUOUEEWTEY TuEWOOIT P OUIT2uT F1EN
on the brains of both healthy and un-
healthy individuals.

" TU0EPO0&0DTy OUURENEEQUE FTED
01w EUEDOu 2O OEOGau EDFTUTO EUTEUN
there must be additional processes
ITEWEUTUEFTEITELEU D 1000u(OuEEILOU-
sic involves cortical systems extend-
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there is a fair amount of documented
functional imaging of disorders and
UTTuEUTEOLOTu 0T Ty EVEDOL 0T 2u TFTENR (Ou
order to ensure that music would af-
fect the brain during an fMRI, Stew-
EU0I 0GR 22 TAOUOEWTENE TUUEROIOU-
sical listening disorders did in fact
UTOPu UBTODIrEEON EDFTUTOETUubOu EENR-
vation with music stimuli. Stewart et
Ebip 22 TAEUOWOUOEWTEN 041101070
produced increased perfusion in the
left temporal lobe and angular gyrus,
and that musical hallucinations often
occurred in patients with depression,
schizophrenia, obsessive-compulsive
disorder, and alcoholism. This re-
view will not focus on Alzheimer’s
or alcoholism, but the research done
by Stewart is worth mentioning as
it is one of the only studies connect-
ing music and psychiatric disorders
during functional imaging.
Personality disorders
are a common issue in to-
day’s society but is frequent-
ly misdiagnosed, with only
ExxUORMOENT0au Uz Ciu Ol Ep-
agnoses remaining constant
upon a second evaluation by
a psychiatrist (Merten et al.,
122Uk 3TTUT EUTy OEOau lax T
of personality disorders, but
the most common are bipolar
disorder, antisocial personal-
ity disorder, and narcissistic
personality disorder. Bipo-
lar disorder (KK TExxT10U0u

ual tracing methods with
fMRI, KKiWUTOPUWEFIERYTUEOEL
behavioral dysregulation, im-
pairments of prosody and in-
terpersonal connections, and
disturbed relatedness, as well
EOUOENTUTUTAnOEYTUYOOUO TidOulT T
amygdala and hippocampus (Schul-
AlEOEN101x010112Z TU%UEOTOUN T uERL

12X T 3TTUT rOEROTULEUTU UV TORrEEON
in relation to this review because the
amygdala and hippocampus are both
involved in processing music, and
the impairments in prosody shown
could relate to how a person with
KK would react to music. Antisocial
personality disorder (kTKAiEOEyOE(-
cissistic personality disorder (CTKA
both showed lower activation of the
amygdala with orbitofrontal and
ventromedial implications (Shulze
EOEu 101x010u 122 TAiu 3T Tu UUED0Ty Edi-
ferences between KX and CTX is key
in looking for potential diagnostic
abilities, as KX focuses on a smaller
TUT2u OEYTU Olu (T Tu EQATEEEN P TH0T
CTX focuses on lower activation, as
UTOPOuE 2 TUUTuq b

[..]
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9 TUUTI iUELRODOEIROOIOEX I OUTUT AU EY T U
DEAEQEIP T TIOEYTUREAEIEII rEEROOETIDTTON
patients with bipolar disorder and healthy in-
EDYPEUEOUSUEOTOUNT UEGRI 2X TH
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In summary, all psychiatric
disorders discussed present with
EDFTUTOETUubOu (T Tu EQATEENENWBOUUIEN
orbitofrontal regions, lingual gyrus,
or cingulate gyrus, which are all re-
gions connected to the processing
of music in healthy individuals as
P10 3TTUTu EUTu U0K@UTu EDFTUTOETUL
for each disorder which lends to the
hypothesis that music may be a reli-
able stimulus that produces unique
results when studying functional
imaging of the brain. While there is
EsUTORrEECWEOOUOIOTWUTUTEVE TuITE
has been done studying music and
the brain in healthy individuals and
functional imaging of some psychi-
E0UBEw EPUOUE T0U0L UTUTEUETuBOU U Tu r 10Eu
of music psychophysiology is hardly
complete. There is enough informa-
tion to build a foundation for future
research, but more research is need-
TEu 00u EUTETu EGOUBUITOU rOEDOTUN 80U
the functional imaging of some dis-
orders, such as in schizophrenia, de-
pression, and others not mentioned
in this review.

[...]

Based on the information giv-
en by the current research, it can be
concluded that psychiatric disorders
POUIELUTOPUEDFTUTOETUsdOuTTuEUENC
when stimulated with music and it
may be hypothesized that one could
use music in conjunction with fMRI
to diagnose the aforementioned psy-
chiatric disorders. If researchers are
EEOTu 00w rOEu Eu EOUUTOEROOL ETURTTON
YDUEOUO ©UUBEW EQEW Ux 1EDrrEy EDUOUE TUUL
while listening to music that is both
unique to the disorder and reliable,
EFOUEEEOTUTTETEEUTOERETOOURULEDEY
treatment of psychiatric disorders
may be brought to the community

and change the means, accuracy, and
costs of mental health issue diagnosis
and treatment.
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