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increase meat quality and quantity, 
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ҩҡҰҤҫҠү

Data Collection
The microsatellite genetic 

ËÈÛÈɯ ÍÖÙɯ ÛÏÌɯ ,ÌËÈÕÖɪ9È×ÈÛÈɯ 1ÈÕÊÏɯ
herd had previously been collected 
and archived at Texas A&M Univer-
sity. Previously established protocols 
ȹ'ÈÓÉÌÙÛɯÌÛɯÈÓȭɯƪƨƨƭȺɯÞÌÙÌɯÜÚÌËɯÛÖɯÈÚ-
ÚÌÚÚɯÓÌÝÌÓÚɯÖÍɯÊÈŲÓÌɯÎÌÕÌɯÐÕÛÙÖÎÙÌÚÚÐÖÕɯ
ÈÛɯ ƩƬɯ ËÐÈÎÕÖÚÛÐÊɯ ÈÕËɯ ×ÖÓàÔÖÙ×ÏÐÊɯ
ȹÊÖÕÛÈÐÕÐÕÎɯ ÔÖÙÌɯ ÛÏÈÕɯ ÖÕÌɯ ÈÓÓÌÓÌȺɯ
microsatellite markers. The markers 
ÈÕÈÓàáÌËɯÞÌÙÌȯɯ &+ ƩƯȮɯ &+ ƪƱƫȮɯ
!,ƩƫƩƬȮɯ!,ƬƫƨƯȮɯ!,ƬƭƩƫȮɯ!,ƯƩƬƭȮɯ
!,2ƪƪƯƨȮɯ !,2ƬƨƬƨȮɯ "22,ƫƮȮɯ
"22,ƬƪȮɯ 1,ƩưƭȮɯ 1,ƭƨƨȮɯ 2/2ƩƩƫȮɯ
ÈÕËɯ3&+ ƪƪƯȭɯ3ÏÌɯÔÈÙÒÌÙÚɯÚ×ÈÕÕÌËɯ
Ʃƨɯ ÊÏÙÖÔÖÚÖÔÌÚɯ ȹÖÍɯ ƫƨɯ ÛÖÛÈÓɯ ÊÏÙÖ-
ÔÖÚÖÔÌÚɯ ÐÕɯ ÉÐÚÖÕȺɯ ÈÕËɯ ÞÌÙÌɯ ÜÚÌËɯ
ÛÖɯÌÐÛÏÌÙɯËÐÈÎÕÖÚÌɯÖÙɯÊÖÕŗÙÔɯÞÏÌÛÏ-
ÌÙɯ ÊÈŲÓÌɯ ÎÌÕÌɯ ÐÕÛÙÖÎÙÌÚÚÐÖÕɯ ÏÈËɯ ÖÊ-
ÊÜÙÙÌËɯȹ'ÈÓÉÌÙÛɯÌÛɯÈÓȭɯƪƨƨƭȺȭɯ

#ÈÛÈɯ ÕÈÓàÚÐÚ
To analyze the structure of 

the population, I used үҰҮұҟҰұҮҡ v. 
ƪȭƫȭƬɯ ȹ/ÙÐÛÊÏÈÙËɯ ÌÛɯ ÈÓȭɯ ƪƨƨƨȺɯÞÐÛÏɯ ÛÏÌɯ
ƩƬɯÔÐÊÙÖÚÈÛÌÓÓÐÛÌɯÓÖÊÐɯÍÖÙɯÈÓÓɯƩȮƯƨƨɯÐÕ-
dividuals. I used the admixture mod-
el and ran seven repetitions for each 
*ɯÝÈÓÜÌɯȹƩɪƬȺȮɯÞÐÛÏɯ*ɯÉÌÐÕÎɯÛÏÌɯÕÜÔ-
ber of assumed genetic clusters and 
calculated the mean of logarithmic 
×ÙÖÉÈÉÐÓÐÛàɯȹ"ÈÖɯÌÛɯÈÓȭɯƪƨƩƯȺȭɯ(ɯÜÚÌËɯÈɯ
ÉÜÙÕɪÐÕɯ ×ÌÙÐÖËɯ ÖÍɯ ƭƨƨȮƨƨƨɯ ÚÛÌ×Úɯ ÈÕËɯ

,ÖÕÛÌɯ"ÈÙÓÖɯ,ÈÙÒÖÝɯ"ÏÈÐÕɯȹ,","Ⱥɯ
ÙÌ×ɯÓÌÕÎÛÏɯÖÍɯƭƨƨȮƨƨƨɯÚÛÌ×ÚɯÈÕËɯÊÏÖÚÌɯ
the K genetic cluster values based on 
methods published in the literature 
ȹ/ÐÕáÖÕÌɯÈÕËɯ#àÌÙɯƪƨƩƫȺȭɯ

The two indices of genetic di-
ÝÌÙÚÐÛàɯÛÏÈÛɯ(ɯÜÚÌËɯÞÌÙÌɯȹƩȺɯÌß×ÌÊÛÌËɯ
heterozygosity (HEȺɯ ÈÕËɯ ȹƪȺɯ ÕÜÔÉÌÙɯ
of alleles and their associated fre-
quencies. 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 
2Ü××ÓÌÔÌÕÛÈÙàɯ%ÐÎÜÙÌɯ2Ʃɯ×ÓÖÛÚɯÛÏÌɯ*ɯ
values and shows the most probable 
likelihood value.

 
(ÕËÐÊÌÚɯÖÍɯ&ÌÕÌÛÐÊɯ#ÐÝÌÙÚÐÛà

The expected heterozygosity 
(HEȺɯÐÚɯÈɯÔÌÈÚÜÙÌɯÖÍɯÎÌÕÌÛÐÊɯÝÈÙÐÈÛÐÖÕɯ
based on the frequencies of each al-
lele at each locus. The average HE val-
ÜÌÚɯÍÖÙɯÈÓÓɯƩƬɯ ÓÖÊÐɯÞÈÚɯÊÓÖÚÌɯÛÖɯƨɯȹ'E 
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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 
ÛÞÖɯÖÙɯÔÖÙÌɯÎÌÕÌÛÐÊÈÓÓàɯËÐřÌÙÌÕÛÐÈÛ-
ed populations interbreed and gene 
ŘÖÞɯÖÊÊÜÙÚɯȹ1ÐÜÚɯÈÕËɯ#ÈÙÓÐÕÎɯƪƨƩƬȺȭɯ
(ÕɯÈËËÐÛÐÖÕȮɯÛÏÌɯÌřÌÊÛÚɯÖÍɯÛÏÌɯÏÐÚÛÖÙÐÊɯ
ÉÖŲÓÌÕÌÊÒɯÈÙÌɯÓÐÒÌÓàɯÛÖɯÏÈÝÌɯÙÌËÜÊÌËɯ
the genetic variation within the loci. 
3ÏÌɯ ËÐřÌÙÌÕÊÌɯ ÐÕɯ ÔÌÈÕɯ ÌÚÛÐÔÈÛÌËɯ
natural log probabilities between K = 
ƩɯÈÕËɯ*ɯǻɯƪȮɯÏÖÞÌÝÌÙȮɯ ÐÚɯÊÓÖÚÌÙɯ ÛÏÈÕɯ
the other clusters, hinting that per-
haps two clusters are forming in the 
population. Future studies could po-
ÛÌÕÛÐÈÓÓàɯ ÐÕÝÌÚÛÐÎÈÛÌɯ ÛÏÐÚɯÌřÌÊÛɯÜÚÐÕÎɯ
more genetic loci.

[…]

(ÕËÐÊÌÚɯÖÍɯ&ÌÕÌÛÐÊɯ#ÐÝÌÙÚÐÛà
The mean expected het-

erozygosity was relatively low for 
the markers used in this study and 
ÛÏÌɯ ÛÖÛÈÓɯÕÜÔÉÌÙɯÖÍɯ ÈÓÓÌÓÌÚɯ ÈÛɯ ÛÏÌɯƩƬɯ
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-
áàÎÖÛÌÚɯ ȹÐȭÌȭɯ ÛÏÌɯ ÈÓÓÌÓÌÚɯ ÈÙÌɯ ËÐřÌÙÌÕÛɯ
ÈÛɯÌÈÊÏɯÓÖÊÜÚȺȭɯ(ÛɯÐÚɯÓÐÒÌÓàɯÛÏÈÛɯÛÏÌɯÓÖÞɯ
ÝÈÓÜÌɯ ÐÕɯ ÛÏÌɯ ,ÌËÈÕÖɪ9È×ÈÛÈɯ ÉÐÚÖÕɯ
population is a consequence of the 
ÏÐÚÛÖÙÐÊÈÓɯÉÖŲÓÌÕÌÊÒȭɯ3à×ÐÊÈÓÓàȮɯÈÍÛÌÙɯ
Èɯ ÉÖŲÓÌÕÌÊÒɯ ÌÝÌÕÛȮɯ ÏÌÛÌÙÖáàÎÖÚÐÛàɯ
levels are expected to decline due to 
a random loss of alleles (Allendorf 
ÈÕËɯ +ÌÈÙàɯ ƩƱưƮȰɯ -ÌÐɯ ÌÛɯ ÈÓȭɯ ƩƱƯƭȺȭɯ ɯ
population reduction can also re-
sult in inbreeding, or the mating 
between closely related individuals. 
Inbreeding increases the proportion 
of homozygotes (thereby reducing 
ÏÌÛÌÙÖáàÎÖÚÐÛàȺɯÈÕËɯÊÈÕɯÈÓÚÖɯÐÕÊÙÌÈÚÌɯ
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ALK-EML4-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.

[…]

ҝҞүҰҮҝҟҰ

ҫҢɯҝҨҨɯҰҤҡ diseases currently being researched, lung cancer is one of 
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initial slope of the curve and a larger 
ÌřÌÊÛɯ ÈÛɯ ÛÏÌɯ ÚÈÔÌɯ ÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯ ÈÚɯ
crizotinib, indicating higher biolog-
ÐÊÈÓɯ ÈÊÛÐÝÐÛàɯ ÈÕËɯ ÔÈßÐÔÈÓɯ ÌŚÊÈÊàȭɯ
Paragazole exhibited the least po-
tency, by far, with an ECƭƨɯÖÍɯƫȭƭɯμM 
(%ÐÎȭɯ Ʃ#Ⱥ. 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 
ÌŚÊÈÊàɯÖÍɯ ÛÏÌɯËÖÚÌɪÙÌÚ×ÖÕÚÌȭɯ6ÏÐÓÌɯ
higher concentrations of paragazole 
would be necessary to achieve a com-
plete sigmoidal dose-response, the 
data collected represents the relative 
ÐÕÌřÌÊÛÐÝÌÕÌÚÚɯÖÍɯ'# "ÐɯÖÕɯÐÛÚɯÖÞÕȭɯ
Based on the data produced from 
single-drug treatments, it is evident 
ÛÏÈÛɯÉÖÛÏɯÊÙÐáÖÛÐÕÐÉɯÈÕËɯ /ƪƫƩƩƮɯÖÕɯ
their own achieve powerful maximal 
ÌŚÊÈÊÐÌÚȮɯÈÚɯÞÌÓÓɯÈÚɯ×ÖÛÌÕÊÐÌÚɯÈÛɯÙÌÈ-
sonable concentrations, in terms of 
short-term in vitro treatment. Parag-
azole, on the other hand, exhibits 

ÔÐÕÐÔÈÓɯ ×ÖÛÌÕÊàɯ ÈÕËɯ ÔÈßÐÔÈÓɯ ÌŚ-
cacy, even at concentrations much 
larger than that of either ALK inhib-
itor.  Clearly, it is the kinase activity 
ÖÍɯÛÏÌɯ +*ɪ$,+ƬɯÍÜÚÐÖÕɯ×ÙÖÛÌÐÕɯÛÏÈÛɯ
predominantly confers survival. Due 
ÛÖɯ ÛÏÌɯ ËÐÚ×ÈÙÐÛàɯ ÉÌÛÞÌÌÕɯ ÛÏÌɯ ÌřÌÊÛÚɯ
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 ҞҮҝҥҠ Treatments
The focus of ҞҮҝҥҠ 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 ϝɯ
ÝÈÓÜÌȮɯ ÞÏÌÙÌɯ ϝǾƔȮɯ ϝǻƔȮɯ ÈÕËɯ ϝǿƔɯ ÈÙÌɯ
indicative of antagonism, additivity, 
and synergism, respectively. 

 

Figure 1. 2ÐÕÎÓÌɪËÙÜÎɯËÖÚÌɪÙÌÚ×ÖÕÚÌÚȭɯ ȹ Ⱥɯ#ÖÚÌɪÙÌÚ×ÖÕÚÌɯÖÍɯ'ƫƩƪƪɯÛÖɯÊÙÐáÖÛÐÕÐÉȭɯ ȹ!Ⱥɯ#ÖÚÌɪÙÌ-
Ú×ÖÕÚÌɯ ÖÍɯ'ƫƩƪƪɯ ÛÖɯ /ƪƩƩƫƮȭɯ ȹ"Ⱥɯ.ÝÌÙÓÈàɯ ÖÍɯ ËÖÚÌɪÙÌÚ×ÖÕÚÌɯ ÖÍɯ'ƫƩƪƪɯ ÛÖɯ ÊÙÐáÖÛÐÕÐÉɯ ȹÉÓÜÌȺɯ& 
 /ƪƫƩƩƮɯȹÎÙÌÌÕȺȰɯÈÙÙÖÞÚɯÐÕËÐÊÈÛÌɯÓÖÊÈÛÐÖÕɯÖÍɯ$"ƭƨȭɯȹ#Ⱥɯ#ÖÚÌɪÙÌÚ×ÖÕÚÌɯÖÍɯ'ƫƩƪƪɯÛÖɯ×ÈÙÈÎÈáÖÓÌȭɯ

Teagan H. Glass
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A crucial element of the ex-
periment is establishing the baseline 
activity of each individual drug. This 
ÞÈÚɯ ËÖÕÌɯ Éàɯ ÛÙÌÈÛÐÕÎɯ 'ƫƩƪƪɯ ÞÐÛÏɯ
ÊÙÐáÖÛÐÕÐÉȮɯ /ƪƫƩƩƮȮɯ ÈÕËɯ ×ÈÙÈÎÈáÖÓÌɯ
“in combination” with themselves in 
order to achieve purely additive re-
sponses. These self-self combinations 
àÐÌÓËÌËɯ ϝɯ ÝÈÓÜÌÚɯ ÝÌÙàɯ ÊÓÖÚÌɯ ÛÖɯ áÌÙÖɯ
(%ÐÎȭɯƪȺȭɯ3ÏÌɯÚÓÐÎÏÛɯËÌÝÐÈÛÐÖÕɯÖÍɯÛÏÌÚÌɯ
ÝÈÓÜÌÚɯ ÍÙÖÔɯϝǻƨɯ ÐÚɯ ÕÖÛɯ ÐÕËÐÊÈÛÐÝÌɯ ÖÍɯ
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 
ҞҮҝҥҠ 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 
'# "ɯÐÕÏÐÉÐÛÖÙÚɯÞÏÌÕɯ'ƫƩƪƪÚɯÞÌÙÌɯ
treated with the two combinations: 
ÊÙÐáÖÛÐÕÐÉɤ×ÈÙÈÎÈáÖÓÌɯ ÈÕËɯ  /ƪƫƩƩƮɤ
paragazole. In order to verify the 
combination response, each drug 
pair is tested on two microplates, 
with the two drugs added in two 
ËÐřÌÙÌÕÛɯÖÙÐÌÕÛÈÛÐÖÕÚȭɯ%ÖÙɯÌÈÊÏɯÊÖÔ-
bination, crizotinib/paragazole and 
 /ƪƫƩƩƮɤ×ÈÙÈÎÈáÖÓÌȮɯϝɯÝÈÓÜÌÚɯÖÍɯÞÌÓÓɯ
over zero were produced, indicating 
strong synergistic activity for each 

ALKi/HDACi pair (%ÐÎȭɯƫȺȭɯ-ÖÛɯÖÕÓàɯ
ËÖɯ ÛÏÌɯ ϝɯ ÝÈÓÜÌÚɯ ÊÖÕÍÌÙɯ ÚàÕÌÙÎàȮɯ ÉÜÛɯ
so do the response surfaces produced 
by the ҞҮҝҥҠ analysis (%ÐÎȭɯ ƬȺ. 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. 
Ƭ Ⱥɯ ÈÕËɯ  /ƪƫƩƩƮɤ×ÈÙÈÎÈáÖÓÌɯ ȹFig. 
Ƭ!Ⱥ response surfaces. This rounding 
indicates that as the concentration 
of one drug increases, less and less 
of the other drug is required to pro-
ËÜÊÌɯ ÛÏÌɯ ÚÈÔÌɯ ÌřÌÊÛȮɯ ÌßÌÔ×ÓÐÍàÐÕÎɯ
a synergistic relationship between 
each ALK inhibitor and paragazole. 
All results yielded positive k values, 
yet with varying magnitudes due 
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2ÛÈÎÎÌÙÌËɯ"ÖÔÉÐÕÈÛÐÖÕɯ3ÙÌÈÛÔÌÕÛÚ
Since synergistic activity was 

observed with each ALKi/HDACi 
combination, staggered combination 
experiments were conducted in or-
ËÌÙɯÛÖɯÌÚÛÈÉÓÐÚÏɯÐÍɯÛÏÌɯÖÉÚÌÙÝÌËɯÌřÌÊÛÚɯ
were dependent on ALKi or HDACi. 
These experiments were done by ini-
ÛÐÈÓÓàɯÛÙÌÈÛÐÕÎɯ'ƫƩƪƪÚɯÞÐÛÏɯÖÕÌɯËÙÜÎȮɯ
followed by the addition of the other 
ËÙÜÎɯÖÍɯÛÏÌɯ×ÈÐÙɯÈÍÛÌÙɯƪƬɯÏÖÜÙÚȭɯ!ÖÛÏɯ
combinations yielded stronger re-
sponses when ALKi was the initial 
treatment. As expected, due to the 
ËÐřÌÙÌÕÊÌɯ ÐÕɯ ×ÖÛÌÕÊàɯ ÉÌÛÞÌÌÕɯ ÛÏÌɯ
two ALK inhibitors, the initial ad-
ËÐÛÐÖÕɯ ÖÍɯ  /ƪƫƩƩƮɯ ÌßÏÐÉÐÛÌËɯ ÏÐÎÏÌÙɯ
potency and biological activity (Fig. 

Ʈ!Ⱥ compared to when crizotinib was 
the initial treatment (%ÐÎȭɯ Ʈ Ⱥ. Also, 
as expected, a higher potency was 
ÈÊÏÐÌÝÌËɯÞÏÌÕɯ /ƪƫƩƩƮɯÞÈÚɯÛÏÌɯÚÌÊ-
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 
ÓÈÙÎÌɯ ËÐřÌÙÌÕÊÌɯ ÐÕɯ ×ÖÛÌÕÊàɯ ÉÌÛÞÌÌÕɯ
both ALK inhibitors and paragazole. 
)ÜËÎÐÕÎɯÉàɯÛÏÌɯÙÌÓÈÛÐÝÌÓàɯÓÖÞɯÌŚÊÈÊàɯ
of paragazole single-drug treatment, 
it would not be expected that HDAC 
inhibition would lend itself to great-
ÌÙɯ  +*Ðɯ ÌřÌÊÛÐÝÌÕÌÚÚȮɯ àÌÛɯ ÚÐÔÜÓÛÈ-
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.   

ҠҥүҟұүүҥҫҪ

Combination therapy is be-
coming a widely used strategy to 
ÔÖÙÌɯÌŚÊÈÊÐÖÜÚÓàɯÛÙÌÈÛɯ×ÈÛÐÌÕÛÚɯËÐÈÎ-
nosed with cancers harboring genetic 
ÈÉÌÙÙÈÛÐÖÕȮɯ Ú×ÌÊÐŗÊÈÓÓàɯ ÛÏÖÚÌɯ ÞÏÐÊÏɯ
confer drug resistance. Approximate-
ÓàɯƯƨȮƨƨƨɯ×ÌÖ×ÓÌɯÈÙÌɯËÐÈÎÕÖÚÌËɯÞÐÛÏɯ
 +*ɪ$,+Ƭɪ×ÖÚÐÛÐÝÌɯ ÕÖÕɪÚÔÈÓÓɯ ÊÌÓÓɯ
lung cancer each year (Sasaki et al. 
ƪƨƩƨȺȭɯ3ÏÌɯ×ÙÌÝÈÓÌÕÊÌɯÖÍɯ ÛÏÌÚÌɯËÐÈÎ-
noses necessitates the formulation of 
ÌřÌÊÛÐÝÌȮɯÚ×ÌÊÐÈÓÐáÌËɯÛÙÌÈÛÔÌÕÛÚɯ ÛÏÈÛɯ
can overcome the resistance mech-
ÈÕÐÚÔÚɯ ÖÍɯ ÛÏÌɯ  +*ɪ$,+Ƭɯ ÎÌÕÌɯ ÍÜ-
sion. While tyrosine kinase inhibitors 
ȹ3*(ȺɯÊÖÕÛÐÕÜÌɯ ÛÖɯÉÌɯÜÚÌËɯ ÐÕɯÊÓÐÕÐÊÈÓɯ
trials to treat these patients to inhib-
it the kinase activity of the fusion 

%ÐÎÜÙÌɯ ƭ. Simple combination 
treatments; dosage represents 
the concentration of each drug in 
combination.
ȹ Ⱥɯ #ÖÚÌɪÙÌÚ×ÖÕÚÌɯ ÖÍɯ 'ƫƩƪƪɯ ÛÖɯ
crizotinib & paragazole in com-
ÉÐÕÈÛÐÖÕȭɯ ȹ!Ⱥɯ #ÖÚÌɪÙÌÚ×ÖÕÚÌɯ ÖÍɯ
'ƫƩƪƪɯ ÛÖɯ /ƪƫƩƩƮɯ& paragazole 
ÐÕɯ ÊÖÔÉÐÕÈÛÐÖÕȭɯ ȹ"Ⱥɯ .ÝÌÙÓÈàɯ ÖÍɯ
ËÖÚÌɪÙÌÚ×ÖÕÚÌÚɯÖÍɯ'ƫƩƪƪɯÛÖɯÊÙÐáÖÛÐÕÐÉɯȹÉÓÜÌȺɯÈÕËɯÊÙÐáÖÛÐÕÐÉɯ& paraga-
áÖÓÌɯÐÕɯÊÖÔÉÐÕÈÛÐÖÕɯȹ×ÜÙ×ÓÌȺȰɯÈÙÙÖÞÚɯÐÕËÐÊÈÛÌɯ$"ƭƨɯÊÖÕÊÌÕÛÙÈÛÐÖÕȭɯȹ#Ⱥɯ
.ÝÌÙÓÈàɯÖÍɯËÖÚÌɪÙÌÚ×ÖÕÚÌÚɯÖÍɯ'ƫƩƪƪɯÛÖɯ /ƪƫƩƩƮɯȹÎÙÌÌÕȺɯÈÕËɯ /ƪƫƩƩƮɯ
&ɯ ×ÈÙÈÎÈáÖÓÌɯ ÐÕɯ ÊÖÔÉÐÕÈÛÐÖÕɯ ȹÙÌËȺȰɯ ÈÙÙÖÞÚɯ ÐÕËÐÊÈÛÌɯ$"ƭƨ concentra-
ÛÐÖÕȭɯȹ$Ⱥɯ.ÝÌÙÓÈàɯÖÍɯËÖÚÌɪÙÌÚ×ÖÕÚÌÚɯÖÍɯ'ƫƩƪƪɯÛÖɯÊÙÐáÖÛÐÕÐÉɯ& paraga-
áÖÓÌɯÐÕɯÊÖÔÉÐÕÈÛÐÖÕɯȹ×ÜÙ×ÓÌȺɯÈÕËɯ /ƪƫƩƩƮɯ& paragazole in combina-
ÛÐÖÕɯȹÙÌËȺȰɯÈÙÙÖÞÚɯÐÕËÐÊÈÛÌɯ$"ƭƨ concentration.
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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 
ÎÌÕÌɯ ÈÔ×ÓÐŗÊÈÛÐÖÕɯ ÈÕËɯ ×ÖÐÕÛɯÔÜÛÈ-
tions in the ALK kinase domain. In 
this project, it was found that com-
bining of ALK inhibitors (crizotinib 
ÖÙɯ /ƪƫƩƩƮȺɯÞÐÛÏɯ ÛÏÌɯ'# "ɯ ÐÕÏÐÉ-
itor, paragazole, produces syner-
ÎÐÚÛÐÊɯ ÌřÌÊÛÚɯ ÛÏÈÛɯ ÈÙÌɯ ÊÖÕÚÐËÌÙÈÉÓàɯ
ÔÖÙÌɯÌřÌÊÛÐÝÌɯ ÛÏÈÕɯÈÕàɯÖÍɯ ÛÏÌɯ ÛÏÙÌÌɯ
single-drug treatments. While the 
 /ƪƫƩƩƮɤ×ÈÙÈÎÈáÖÓÌɯ ÊÖÔÉÐÕÈÛÐÖÕɯ
was found to be more potent than 
ÊÙÐáÖÛÐÕÐÉɤ×ÈÙÈÎÈáÖÓÌȮɯ ÛÏÐÚɯ ÊÖÕŗÙÔÚɯ
that combined ALK and HDAC inhi-
bition is a valid potential therapeutic 
È××ÙÖÈÊÏɯÛÖɯÛÙÌÈÛÐÕÎɯ +*ɪ$,+ƬɯÊÈÕ-

ÊÌÙÚȭɯ#ÌŗÕÐÛÐÝÌÓàɯÐÕËÜÊÐÕÎɯÊÌÓÓɯËÌÈÛÏɯ
ÐÕɯ +*ɪ$,+ƬɯÛÜÔÖÙÚɯÞÖÜÓËɯ×ÙÌÝÌÕÛɯ
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ȹ9ÏÈÕÎɯÌÛɯÈÓȭɯƪƨƩƬȺȭɯ'# "ÐɯÏÈÚɯÈÓÚÖɯ
been shown to induce intrinsic apop-
ÛÖÛÐÊɯ×ÈÛÏÞÈàÚɯÝÐÈɯ×ƭƫɯÈÊÛÐÝÈÛÐÖÕȭɯ!àɯ
inactivating nuclear histone deacety-
ÓÈÚÌÚȮɯ ×ƭƫɯ ÉÌÊÖÔÌÚɯ Ïà×ÌÙÈÊÌÛàÓÈÛÌËȮɯ
preventing its inactivation via ubiq-
ÜÐÛÐÕÈÛÐÖÕɯÉàɯ,#,ƪɯȹ9ÏÜÈÕÎɯƪƨƩƫȺȭɯ
×ƭƫɯ ÈÊÛÐÝÈÛÐÖÕɯ ÐÕËÜÊÌÚɯ Ìß×ÙÌÚÚÐÖÕɯ
of many downstream pro-apoptotic 
ÍÈÊÛÖÙÚɯ ÖÍɯ ÛÏÌɯ !ÊÓɪƪɯ ÍÈÔÐÓàȮɯ ÚÜÊÏɯ ÈÚɯ
!ÐÔȭɯ 9ÏÈÕÎɯ ÌÛɯ ÈÓȭɯ ÙÌ×ÖÙÛÚɯ ÛÏÈÛɯ ÛÙÈÕ-
scriptional activation of pro-apop-
ÛÖÛÐÊɯ!ÊÓɪƪɯÍÈÊÛÖÙÚɯÐÚɯÈÓÚÖɯÔÌËÐÈÛÌËɯÉàɯ
Ïà×ÌÙÈÊÌÛàÓÈÛÐÖÕɯ ÖÍɯ ÛÏÌɯ 'ƫɯ ÈÕËɯ 'Ƭɯ
histone subunits, a result of class-I 
HDAC inhibition. Bao et al. also ob-
ÚÌÙÝÌËɯ ÛÏÐÚɯ Ïà×ÌÙÈÊÌÛàÓÈÛÐÖÕɯ ÖÍɯ 'ƫɯ
ÈÕËɯ 'Ƭɯ ÈÚɯ Èɯ ÙÌÚÜÓÛɯ ÖÍɯ ØÜÐÚÐÕÖÚÛÈÛɯ
treatment. Finally, HDAC inhibition 
ÏÈÚɯ ÉÌÌÕɯ ÚÏÖÞÕɯ ÛÖɯ ÈÉÙÖÎÈÛÌɯ 23 3ƫɯ
activity, an essential transcriptional 
regulator of factors that promote cell 
survival, growth, proliferation, and 
ËÐřÌÙÌÕÛÐÈÛÐÖÕɯȹ3ÈÒÌáÈÞÈɯÌÛɯÈÓȭɯƪƨƩƩȺȭɯɯ
'à×ÌÙÈÊÌÛàÓÈÛÐÖÕɯ ÖÍɯ 23 3ƫɯ ËÜÌɯ ÛÖɯ
HDACi 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. 
ƪƨƨƱȰɯ9ÏÜÈÕÎɯƪƨƩƫȺȭɯ

The fact that both ALKi and 
HDACi produce overlapping and 
ÕÖÕɪÖÝÌÙÓÈ××ÐÕÎɯ ÌřÌÊÛÚɯ ÐÕɯ ÛÌÙÔÚɯ ÖÍɯ
stimulating pro-apoptotic pathways 
could very well explain the synergis-
tic relationship between the two in-
hibitors when administered to ALK-
$,+ƬɯÊÈÕÊÌÙÚȭɯ6ÏÌÕɯÊÖÔÉÐÕÌËɯÞÐÛÏɯ
ËÌ×ÓÌÛÐÖÕɯÖÍɯ +*ɯÈÕËɯ23 3ƫɯÈÊÛÐÝÐ-
ty via ALKi, concurrent activation 
of the TNF pathway, along with the 
Ü×ɪÙÌÎÜÓÈÛÐÖÕɯÖÍɯ×ÙÖɪÈ×Ö×ÛÖÛÐÊɯ!ÊÓɪƪɯ
×ÙÖÛÌÐÕÚɯ ÝÐÈɯ ×ƭƫɯ ÐÕËÜÊÛÐÖÕɯ ÈÕËɯ ÏÐÚ-
tone hyperacetylation, HDACi may 
overcome pro-survival mechanisms 
ÜÛÐÓÐáÌËɯÉàɯ +*ɪ$,+Ƭɯ-2"+"Úȭɯ"ÌÙ-

tainly a threshold is reached where-
ÐÕɯ ÛÏÌɯ ×ÙÖɪÈ×Ö×ÛÖÛÐÊɯ ÌřÌÊÛÚɯ ÖÍɯ  +*ɯ
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 
ÐÕɯ ÛÏÐÚɯ×È×ÌÙȮɯ ÊÖÕŗÙÔÚɯ ÛÏÌɯ ÓÌÎÐÛÐÔÈ-
cy of combining ALKi with HDACi 
ÈÚɯ Èɯ ÔÌÈÕÚɯ ÖÍɯ ÛÙÌÈÛÐÕÎɯ  +*ɪ$,+Ƭɯ
cancers.  In addition to establishing 
the precise mechanisms that confer 
synergy between these two drugs, 
employing this combination thera-
×àɯ ÖÕɯ +*ɪ$,+Ƭɯ ÊÌÓÓÚɯ ÛÏÈÛɯ ÌßÏÐÉÐÛɯ
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 
quality and longevity of life of those 
ËÐÈÎÕÖÚÌËɯÞÐÛÏɯ +*ɪ$,+Ƭɪ×ÖÚÐÛÐÝÌɯ
cancers.       
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%ÈÕÎɯ ÌÛɯ ÈÓȭɯ ȹƪƨƩƭȺɯ ÈÓÚÖɯ ÊÖÙ-
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 
ÍÜÕÊÛÐÖÕÈÓɯ,1(ɯ ȹ-ɪÍ,1(ȺɯÞÏÐÓÌɯÔÜ-
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 
ÐÕɯ3ÈÉÓÌɯƩɯȹ%ÈÕÎɯÌÛɯÈÓȭȮɯƪƨƩƭȺȭɯ

[…]

While fMRI proves to be a 
consistent and reliable tool for study-
ing the brain, electroencephalogram 
ȹ$$&Ⱥɯ ÐÚɯ ÈÕÖÛÏÌÙɯ ÞÈàɯ ÛÖɯ ËÌÛÌÙÔÐÕÌɯ
the exact locations of the brain that 
processes music (Nizamie and Tik-
ÒÈȮɯƪƨƩƬȺȭɯ (ÛɯÞÈÚɯËÐÚÊÖÝÌÙÌËɯÛÏÈÛɯ ÛÏÌɯ
acoustic circuit involves the auditory 
nerve, brainstem, medial geniculate, 
body of the thalamus, and auditory 
ÊÖÙÛÌßɯ ȹ-ÐáÈÔÐÌɯ ÈÕËɯ 3ÐÒÒÈȮɯ ƪƨƩƬȺȭɯ
Not only do these areas of the brain 
strongly correlate to the limbic sys-
tem, but after undergoing music ther-

apy, schizophrenia patients showed 
ÚÐÎÕÐŗÊÈÕÛɯ ÊÏÈÕÎÌÚɯ ÐÕɯ ÛÏÌɯ ÍÙÖÕÛÈÓɯ
EEG after undergoing music therapy 
ÚÌÚÚÐÖÕÚɯ ȹ-ÐáÈÔÐÌɯ ÈÕËɯ 3ÐÒÒÈȮɯ ƪƨƩƬȺȮɯ
which is strong evidence that music 
ËÖÌÚɯÐÕɯÍÈÊÛɯÏÈÝÌɯÈɯÕÖÛÌÞÖÙÛÏàɯÌřÌÊÛɯ
on the brains of both healthy and un-
healthy individuals.

"ÌÙÛÈÐÕÓàȮɯ ÐÍɯÔÜÚÐÊɯ ÊÈÕɯÈřÌÊÛɯ
ÛÏÌɯ ÉÙÈÐÕɯ ÐÕɯ ÔÈÕàɯ ËÐřÌÙÌÕÛɯ ÈÙÌÈÚȮɯ
there must be additional processes 
ÛÏÈÛɯÈÙÌɯÈřÌÊÛÌËɯÈÚɯÞÌÓÓȭɯ(ÕɯÍÈÊÛȮɯÔÜ-
sic involves cortical systems extend-
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there is a fair amount of documented 
functional imaging of disorders and 
ÛÏÌɯÈÙÌÈÚɯÖÍɯ ÛÏÌɯÉÙÈÐÕɯ ÛÏÌàɯÌřÌÊÛȭɯ (Õɯ
order to ensure that music would af-
fect the brain during an fMRI, Stew-
ÈÙÛɯÌÛɯÈÓȭɯȹƪƨƨƮȺɯÍÖÜÕËɯÛÏÈÛɯÊÌÙÛÈÐÕɯÔÜ-
sical listening disorders did in fact 
ÚÏÖÞɯ ÚÐÎÕÐŗÊÈÕÛɯ ËÐřÌÙÌÕÊÌÚɯ ÐÕɯ ÈÊÛÐ-
vation with music stimuli. Stewart et 
ÈÓȭɯȹƪƨƨƮȺɯÈÓÚÖɯÍÖÜÕËɯÛÏÈÛɯ ÓáÏÌÐÔÌÙɀÚɯ
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 
È××ÙÖßÐÔÈÛÌÓàɯ ƯƩȭƯǔɯ ÖÍɯ ËÐ-
agnoses remaining constant 
upon a second evaluation by 
a psychiatrist (Merten et al., 
ƪƨƩƯȺȭɯ 3ÏÌÙÌɯ ÈÙÌɯÔÈÕàɯ Ûà×ÌÚɯ
of personality disorders, but 
the most common are bipolar 
disorder, antisocial personal-
ity disorder, and narcissistic 
personality disorder. Bipo-
lar disorder (ҞҠȺɯ ÏÈ××ÌÕÚɯ ÛÖɯ
be the most common of the 
three, and upon using man-
ual tracing methods with 
fMRI, ҞҠɯÚÏÖÞÚɯÈřÌÊÛÐÝÌɯÈÕËɯ
behavioral dysregulation, im-
pairments of prosody and in-
terpersonal connections, and 
disturbed relatedness, as well 
ÈÚɯÚÔÈÓÓÌÙɯÎÙÌàɯÔÈŲÌÙɯÝÖÓÜÔÌɯÐÕɯÛÏÌɯ
amygdala and hippocampus (Schul-
áÌɯÈÕËɯ1ÖÌ×ÒÌȮɯƪƨƩƬȰɯ%ÙÈÕÎÖÜɯÌÛɯÈÓȭȮɯ

ƪƨƩƬȺȭɯ 3ÏÌÚÌɯŗÕËÐÕÎÚɯ ÈÙÌɯ ÚÐÎÕÐŗÊÈÕÛɯ
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 
ҞҠ would react to music. Antisocial 
personality disorder (ҝҬҠȺɯ ÈÕËɯ ÕÈÙ-
cissistic personality disorder (ҪҬҠȺɯ
both showed lower activation of the 
amygdala with orbitofrontal and 
ventromedial implications (Shulze 
ÈÕËɯ 1ÖÌ×ÒÌȮɯ ƪƨƩƬȺȭɯ 3ÏÌɯ ÚÜÉÛÓÌɯ ËÐÍ-
ferences between ҞҠ and ҪҬҠ is key 
in looking for potential diagnostic 
abilities, as ҞҠ focuses on a smaller 
ÎÙÌàɯÔÈŲÌÙɯ ÖÍɯ ÛÏÌɯ ÈÔàÎËÈÓÈȮɯ ÞÏÐÓÌɯ
ҪҬҠ focuses on lower activation, as 
ÚÏÖÞÕɯÉàɯ%ÐÎÜÙÌɯƪȭɯ

[…]

%ÐÎÜÙÌɯƪȭɯ#ÐÚÊÙÐÔÐÕÈÛÐÖÕɯÔÈ×ÚɯÍÖÙɯÎÙÌàɯÔÈŲÌÙɯ
ȹÈȺɯÈÕËɯÞÏÐÛÌɯÔÈŲÌÙɯȹÉȺɯÊÓÈÚÚÐfiÊÈÛÐÖÕɯÉÌÛÞÌÌÕɯ
patients with bipolar disorder and healthy in-
ËÐÝÐËÜÈÓÚȭɯ%ÙÈÕÎÖÜɯÌÛɯÈÓȭɯȹƪƨƩƬȺ
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Major depression disorder 
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ҟҫҪҟҨұүҥҫҪ

In summary, all psychiatric 
disorders discussed present with 
ËÐřÌÙÌÕÊÌÚɯ ÐÕɯ ÛÏÌɯ ÈÔàÎËÈÓÈȮɯ ÐÕÚÜÓÈȮɯ
orbitofrontal regions, lingual gyrus, 
or cingulate gyrus, which are all re-
gions connected to the processing 
of music in healthy individuals as 
ÞÌÓÓȭɯ 3ÏÌÙÌɯ ÈÙÌɯ ÜÕÐØÜÌɯ ËÐřÌÙÌÕÊÌÚɯ
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 
ÈɯÚÐÎÕÐŗÊÈÕÛɯÈÔÖÜÕÛɯÖÍɯÙÌÚÌÈÙÊÏɯÛÏÈÛɯ
has been done studying music and 
the brain in healthy individuals and 
functional imaging of some psychi-
ÈÛÙÐÊɯ ËÐÚÖÙËÌÙÚȮɯ ÙÌÚÌÈÙÊÏɯ ÐÕɯ ÛÏÌɯ ŗÌÓËɯ
of music psychophysiology is hardly 
complete. There is enough informa-
tion to build a foundation for future 
research, but more research is need-
ÌËɯ ÛÖɯ ÊÙÌÈÛÌɯ ÊÖÕÚÐÚÛÌÕÛɯ ŗÕËÐÕÎÚɯ ÐÕɯ
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 
ÞÖÜÓËɯÚÏÖÞɯËÐřÌÙÌÕÊÌÚɯÐÕɯÛÏÌɯÉÙÈÐÕɯ
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 
ÈÉÓÌɯ ÛÖɯ ŗÕËɯ Èɯ ÊÖÙÙÌÓÈÛÐÖÕɯ ÉÌÛÞÌÌÕɯ
ÝÐÛÈÓÚȮɯÔÜÚÐÊȮɯ ÈÕËɯ Ú×ÌÊÐŗÊɯ ËÐÚÖÙËÌÙÚɯ
while listening to music that is both 
unique to the disorder and reliable, 
ÈřÖÙËÈÉÓÌɯÏÌÈÓÛÏÊÈÙÌȮɯËÐÈÎÕÖÚÐÚȮɯÈÕËɯ
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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