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INTRODUCTION

Currently, one out of four deaths in the United Statesis due to cancer, therefore, every major
therapeutic advance has the potential of saving many lives. One of the most fascinating
molecular oncology discoveriesin the last decade isthat cancer represents adiseasein
which adterations in both protein-coding genes and non-coding RNAs named microRNAS
(miRNASs) complement each other. Here we focus on anovel idea of using small molecules
to target overexpressed miRNASs as anew therapy of human diseases, in particular cancer.

WHAT ARE MICRORNAS?

MicroRNAs (miRNAS) are non-coding RNAs (ncRNAS) which regul ate gene expression [11.
Structurally, they are 19 to 24 nuclectide (nt) long RNAS, processed from much longer
primary transcripts (100 to 1000 of nts) arising from hairpin loop structures after successive
enzymatic maturation steps (by Droshain the nucleus and Dicer in the cytoplasm). MiRNAs
areinvolved in avariety of biological processes, spanning from devel opment,
differentiation, apoptosis and proliferation to senescence and metabolism. Functionally,
miRNAS regulate gene expression in a sequence specific fashion, following incorporation
into the multi-protein complex RISC (RNA induced silencing complex), primarily upsetting
messenger RNAs (MRNAS) translation and/or stability [2. Overall, the effect of miRNAs s
to silence the expression of the target mMRNAS either by mRNA cleavage or by trand ational
repression. However, it has been discovered that miRNAS can also increase the expression
of atarget mRNA [3], Each miRNA may target several different transcripts. For instance, it
has been demonstrated that a cluster of two miRNAs (namely, miR-15a and miR-16) can
affect the expression of about 14% of the human genome in aleukemic cell line (4],
Conversely, the same mRNA can be targeted by several miRNAS.
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WHY MICRORNAS AS TARGETS FOR CANCER THERAPY?

MicroRNA alterations are involved in various human diseases, including cancer, immune
disorders or cardiovascular disorders []. Their abnormalities are linked to initiation,
progression and metastases of human cancers (Table 1) [€l: [7], The main molecular
alterations are represented by variations in gene expression, usually mild but with
consequences for a vast number of target protein coding genes. The causes of the
widespread differential expression of miRNA genesin malignancy compared with normal
cells can be explained by the location of these genes in cancer-associated genomic regions,
by epigenetic mechanisms, and by alterations in the microRNA processing machinery.
MicroRNA expression profiling of human tumors has identified signatures associated with
diagnosis, staging, progression, prognosis and response to treatment (6l [7], |n addition,
profiling has been exploited to identify microRNAS genes that may represent downstream
targets of activated oncogenic pathways or that are targeting protein coding genes involved
in cancer. Specifically in human cancersit was found in at least two independent reports
published between 2004 and 2009 that 192 miRNASs were abnormally expressed in cancer
cells, including 168 overexpressed miRNAs, meaning that high expression of miRNAsisa
hallmark of malignant phenotype. Furthermore, two mouse models strongly suggest that
alterations in microRNA expression alone cause a cell to become neoplastic: the miR-155
transgenic overexpressing the oncogenic miR-155 devel op acute lymphablastic/high-grade
lymphoma (8], while the knockout model of the tumor-suppressor cluster miR-15/16
develop, asin humans, chronic lymphocytic leukemia 9.

The application of RNA inhibition (defined as the blocking of messenger RNA production
or function) in the therapy of human disorders presents two ways: a) the use of miRNAs as
therapeutic drugs against messenger RNAs of genes proved to be involved in the
pathogenesis, and b) the direct targeting of non-coding RNAs that participate in cancer
pathogenesis. The main RNA inhibition agents used till now in pre-clinical and clinical
studiesinclude: antisense oligonucleotides (ASOs), ribozymes and the DNAzymes, small
interfering RNAs (SsRNAs) and short hairpinRNASs (shRNAS), and anti-miRNA agents such
as ASOs-anti-miRNAs, and locked nucleic acids (LNA)-anti-miRNASs or antagomirs (Table
2) [199. However, it is known that there are challenges for the delivery of these non-small
mol ecule agents and their pharmacodynamics and pharmacokinetics properties are not ideal.

A NEW WAY TO TARGET MICRORNAS - THE USE OF SMALL MOLECULES

Due to the above intriguing facts that miRNAs play crucial roles in cancer and other
diseases as well as the challenges for nucleotide analogues, it would be promising to develop
small-molecule drugs targeting specific miRNAs (that we named SMIRs) and modulating
their activities. We anticipate that this will open a new avenue for targeted cancer therapy.

Challenges and promises of the approach

RNA molecules have long been neglected as promising drug targets, compared with
proteins, because of their structural flexibility and highly electronegative surface. Especially,
targeting miRNA with small molecules (Figure 1) is new and perceived as challenging due
to the paucity of X-ray or NMR structures of miRNAs for in silico drug design, let alone the
availability of miRNA-Dicer or RISC complex structures [11]. However, success examples
where ligands were designed to target RNA molecules, such as ribosome rRNAs, mMRNAS,
and viral transactivation response (TAR) RNAS, may provide guidelines to discover
miRNA-specific drugs for therapeutic purposes [12].

MiRNAs seem druggable from their secondary structure perspective. The formation of stem
loops found in pre-miRNAs and the bulges in miRNA is advantageous for targeting by small
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molecules [13], These structural features not only enlarges the major groove for drug entry,
but also partially discloses the internal bases, scattering the local electronegative distribution
and providing specificity basis for structure-based drug design, and it has been found that
highly positive compounds targeting RNA can easily reach nanomolar (nM) binding
affinities[131. Furthermore, it was shown that microRNAs can target not only messenger
RNAs but also DNA and, more recently, proteins. MiR-373 was found to target promoter
sequences and induce gene expression [14], while Eiring and colleagues reported a novel
function for miRNAs called “decoy activity” - miR-328 interacts with heterogeneous
ribonucleoproteins hnRNP-E2 regulate RNA binding protein function [15].

Despite those challenges mentioned above, some studies published recently are very
promising and have shed insights on the miRNA-targeted drug discovery. Gumireddy et al,
after screening over 1000 compounds followed with structure-activity relationship (SAR)
analysis, identified the diazobenzene and its derivatives as effective inhibitors against pri-
miR-21 formation [18], |t was also reported that small molecule enoxacin (Penetrex) could
enhance siRNA-mediated mRNA degradation and promoted the biogenesis of endogenous
miRNAs [17]. Unfortunately, either inhibitory or enhancing mechanismsinvolved, such as
drug binding site and specificity, still remain poorly understood. However, these studies
undoubtedly provide proof-of-concept for modulation of miRNA activity by small
molecules. Instead of using the above pathway-based approaches, where the exact
mechanisms are not clear, we target specific miRNAs of interest by employing our
integrated drug discovery platform through the synergistic collaboration among
computational modellers, microRNA bioogist and medicina chemists. Thisinnovative and
synergistic approach can help us to build the 3D structures of miRNAs and use structure-
based design methods to perform lead identification and optimization.

In silico discovery of RNAs small molecule inhibitors

Drug discovery and development is an expensive and time-consuming process. However,
computer-aided approaches [18] has become a promising tool as they can improve the
pipelines dramatically in a cost-effective way than traditional strategies for RNA-targeted
lead identification [19: [201. [21] Two docking programs, AutoDock and Dock, have been
thoroughly assessed for their capacity of reliably predicting the binding sites and affinities of
known ligandsin RNA system in which receptor flexibility is considered [19]. [21]. [22],
Various RNAS can be targeted with small molecules including ribosome, tRNA, mRNA, etc.
For instance, upon structure-based virtual screening followed with multiplein vitro binding
assays, inhibitors that target HIV-1TAR RNA and bacterial ribosomal A-site have been
identified [23], These agents, including but not limited to marketed drug erythromycin,
aminoglycosides derivatives, and neamine mimics, are being investigated in clinical studies,.
Thus, similar approaches may also be applicable to the discovery of small molecules
targeting miRNA for cancer therapeutics development.

Small molecule inhibitors discovery targeting miRNAs

In order to identify lead compounds that target miRNASs using structure-based approaches,
the accurate determination or prediction of miRNA 3D structuresis the top priority.
Although RNA crystallography is a challenge. in silico 3D structure prediction has
experienced significant advances during recent years due to the availability of new
experimental data along with enhanced computer power and improved modeling

methodol ogies [241. MC-fold/MC-Sym [2%], for example, has successfully made accurate
predictions for double helix region of several pre-miRNAs (let-7c, miR-19 and miR-29a),
whereas an energy-based de novo approach was able to recapitulate noncanonical base pairs
observed in native RNA structures [26], Once the miRNA structure is obtained, molecular
docking-based virtual high-throughput screening (VHTS) techniques will be used to enhance
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the miRNA drug discovery process based on RNA-compatible scoring functions, in which it
is hecessary to re-evaluate the electrostatic interaction and solvation terms in accordance
with experimental statistics [27). Figure 1 demonstrated such an idea of our effort in the
discovery of novel miRNA small molecule inhibitors.

Pitfalls for discovery of small molecules as miRNA Inhibitors

However, based on the current knowledge, researchers are still far from being able to design
novel and potent molecules modulating miRNA pathways with clear understanding of their
mechanisms. Therefore, more structural and thermodynamic information on miRNA-small
molecule interactionsis clearly needed, for instance, to elucidate their 3D structures and
illustrate more detailed mechanisms in which miRNAs regulate the gene expression. The
fact that even nano-molar binders but with poor specificity implies the necessity to introduce
novel concepts and strategies when targeting miRNAs with small molecules. The cost-
effective computational approaches employed in our work can certainly help to achieve this
task and accelerate the discovery process.

THE POTENTIAL IMPACT IS TWICE

AsmiRNAs overexpression was identified in various health conditions, including heart and
autoimmune diseases, the development of new small molecul es as targeted therapeutics and
as probes for miRNA functional analysis can highly advance public health.

Development of a new type of cancer therapies targeting miRNAs

Targeting miRNAs for anticancer therapeutics development is very innovative and
promising, and it is expected to further our research in the miRNA area and move the field
from a hypothesis-driven science toward a clinical application through the synergy of the
innovative miRNA studies, medicinal synthesis and the development of state-of-the-art
computational drug discovery approaches. The impact of thiswork is multi-fold. First, the
identification of potent small molecule inhibitors targeting miRNA can lead to drug
development for targeted cancer therapy. Second, third, the computational effort will help to
develop an integrated drug discovery platform, which will be made publicly available
(database, methodology and predictors) for knowledge dissemination. Third, the
accumulated knowledge and the built platform can be readily applied to other miRNA-
targeted or in general RNA-targeted small molecule discovery. We estimate that this
development will be dramatically helpful to the scientific community of drug discovery,
miRNA biology, computational modeling, biological signaling pathway studies, and many
other related areas. A logic approach for better cure of cancer patientsisto exploit the huge
advances in understanding the genetic nature of cancer and the molecular pathways involved
in malignant transformation.

Using these advances and the impressive spectrum of new molecular drugsit islogical to
start to design various regimens based on combinations of old and new agents. One way to
do this, the multiplex RNA inhibition tar geting strategy, is by targeting various molecular
defects in the multistep pathways of specific cancers by using different RNA inhibition
approaches. For example, in aggressive forms of chronic lymphocytic leukemia (CLL) both
miR-21 and miR-155 are overexpressed [28] and therefore in such patients a combination of
small molecules specifically targeting these transcripts in addition to the actual
chemotherapy regimens could be envisioned. The second way, the “ sandwich RNA
inhibition” strategy, isto focus with multiple different agents on a major molecular
alteration clearly linked to the pathogenesis of a disease. This strategy aims at keeping a
specific target under multiple destruction pressures by various mechanisms. Thisisthe case
of miR-372/373 cluster overexpression in testicular germ cell tumors [29] — targeting these
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genes with small molecules as well as with antagomirs could represent a new way to treat
these patients.

Development of new tools to explore the function of miRNAs

Understanding the roles of miRNASs in cancer cellsis of prime importance at the present
time, when alarge body of evidence provided strong arguments for the involvement for
several hundreds miRNAs in human cancers. The available tool to explore the function of
overexpressed miRNAs includes anti miRNAs oligonucl eotides (AMOs) that are antisense
oligonucleotides targeting miRNAS, looked nucleic acids (LNA) anti-miRNAs that comprise
anew class of bicyclic high-affinity RNAs targeting miRNAs and a novel class of
chemically engineered oligonucleotides named “antagomirs’. Although with good results
the use of all these agents has a major drawback for in vivo studies — the huge cost. For
example, the use of antagomirsin mouse models of cancers has the disadvantage of a cost of
several thousand dollars per two groups of five mice (treated versus non-treated) experiment
using aweekly administration for 3 to 5 weeks. Therefore, using the much cheaper small
molecules already available but not known to target miRNAS, or new small molecules
derived from known ones, will represent an alternative for the scientific community. The
identified active hits (or the potential drugs) can be used as probes to study the response of
miRNA to the compounds and their biological consequences. Furthermore, the tissue
distribution and other pharmacokinetics characteristics for specific small molecules are
already known from previous studies (or relatively easy to be performed for new molecules)
and thiswill clearly help in performing in vitro and in vivo experiments.

CONCLUSION

Cancer isan enormous threat to our health. Although the existing drugs showed promisein
the early treatment, most metastatic cancers are still considered asincurable. Hence, thereis
an urgent unmet need to develop new potential “breakthrough drugs’ for cancer treatment.
MiRNAs have been found to play important rolesin various cancer development and
metastasis. We propose a synergistic and innovative approach to develop a novel
microRNA-based technology with wide applications for functional studies and targeted
therapy, on the hypothesis that small molecule inhibitors could target miRNAs and that the
targeted inhibition will have biological consequences culminating with death of cancer cells.
Thisislinking two exciting areas of miRNAs involvement in human cancers and
computational discovery of small molecules that inhibit significant targets important in
tumorigenesis.

Acknowledgments

Both G.A.C and S.Z. are supported by DOD Breast Cancer |dea Award and CTT/3I-TD grant for miRNA-target
therapy development. G.A.C. is supported as a Fellow at The University of Texas M. D. Anderson Research Trust,
asaFellow of The University of Texas System Regents Research Scholar and by the L adjevardian Regents
Research Scholar Fund. Work in Dr Calin’s laboratory is supported in part by an NIH/NCI, and DOD grants, by a
Breast Cancer SPORE Developmental Research Award, by an Ovarian Cancer SPORE Devel opmental Research
Award, and by 2009 Seena Magowitz - Pancreatic Cancer Action Network - AACR Pilot Grant.

References

1. Ambros V. The evolution of our thinking about microRNAs. Nature medicine. 2008 Oct; 14(10):
1036-40.

2. Ambros V, Chen X. The regulation of genes and genomes by small RNAs. Development
(Cambridge, England). 2007 May; 134(9):1635-41.

3. Vasudevan S, Tong Y, Steitz JA. Switching from Repression to Activation: MicroRNAs Can Up-
Regulate Trandation. Science (New Y ork, NY. 2007 Nov 29; 318(5858):1931-4.

Clin Pharmacol Ther. Author manuscript; available in PMC 2014 January 27.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zhang et al.

4.

10

11.

12.

13.

Page 6

Calin GA, Cimmino A, Fabbri M, Ferracin M, Wojcik SE, Shimizu M, et al. MiR-15a and miR-16—
1 cluster functions in human leukemia. Proc Natl Acad Sci U S A. 2008 Apr 1; 105(13):5166—71.
[PubMed: 18362358]

. Sevignani C, Calin GA, Siracusa LD, Croce CM. Mammalian microRNAs: a small world for fine-

tuning gene expression. Mamm Genome. 2006; 17(3):189-202. [PubMed: 16518686]

. Esquela-Kerscher A, Slack FJ. Oncomirs - microRNAs with arole in cancer. Nat Rev Cancer. 2006;

6(4):259-69. [PubMed: 16557279]

. Nicoloso MS, Spizzo R, Shimizu M, Ross S, Calin GA. MicroRNASs--the micro steering wheel of

tumour metastases. Nature reviews. 2009 Apr; 9(4):293-302.

. Costinean S, Zanesi N, Pekarsky Y, Tili E, Volinia S, HeeremaN, et a. Pre-B cell proliferation and

lymphoblastic leukemia/high-grade lymphomain E(mu)-miR155 transgenic mice. Proc Natl Acad
Sci U SA. 2006 May 2; 103(18):7024-9. [PubMed: 16641092]

.KleinU, LiaM, Crespo M, Siegel R, Shen Q, Mo T, et a. The DLEU2/miR-15a/16-1 cluster

controls B cell proliferation and its deletion leads to chronic lymphocytic leukemia. Cancer cell. Jan
19; 17(1):28-40. [PubMed: 20060366]

. Spizzo R, Rushworth D, Guerrero M, Calin GA. RNA Inhibition, MicroRNAs, and New
Therapeutic Agents for Cancer Treatment. Clinical lymphoma & myeloma. 2009 Sep 1.9:S313—
S8. [PubMed: 19778859]

Wang HW, Noland C, Siridechadilok B, Taylor DW, MaE, Felderer K, et a. Structural insights
into RNA processing by the human RISC-loading complex. Nature structural & molecular
biology. 2009 Nov; 16(11):1148-53.

Blount KF, Breaker RR. Riboswitches as antibacterial drug targets. Nature biotechnology. 2006
Dec; 24(12):1558-64.

Thomas JR, Hergenrother PJ. Targeting RNA with small molecules. Chemical reviews. 2008 Apr;
108(4):1171-224. [PubMed: 18361529

14. Place RF, Li LC, Pookot D, Noonan EJ, Dahiya R. MicroRNA-373 induces expression of genes

with complementary promoter sequences. Proc Natl Acad Sci U SA. 2008 Feb 5; 105(5):1608-13.
[PubMed: 18227514]

15. Eiring A, Neviani P, Garton C, Spizzo R, et a. A non-canonical decoy activity of miR-328

controls RNA-Binding Protein function and is essential for differentiation of Ph1(+) leukemic
blasts. Cell. 2010 in press.

16. Gumireddy K, Young DD, Xiong X, Hogenesch JB, Huang Q, Deiters A. Small-molecule

inhibitors of microrna miR-21 function. Angewandte Chemie (International ed. 2008; 47(39):
74824,

17. Shan G, Li Y, Zhang J, Li W, Szulwach KE, Duan R, et a. A small molecule enhances RNA

interference and promotes microRNA processing. Nature biotechnology. 2008 Aug; 26(8):933-40.

18. Lu J, Guo S, Ebert BL, Zhang H, Peng X, Bosco J, et al. MicroRNA-mediated control of cell fate

in megakaryocyte-erythrocyte progenitors. Developmental cell. 2008 Jun; 14(6):843-53.
[PubMed: 18539114]

19. Detering C, Varani G. Validation of automated docking programs for docking and database

screening against RNA drug targets. Journal of medicinal chemistry. 2004 Aug 12; 47(17):4188—
201. [PubMed: 15293991]

20. Foloppe N, Matassova N, Aboul-Ela F. Towards the discovery of drug-like RNA ligands? Drug

discovery today. 2006 Nov; 11(21-22):1019-27. [PubMed: 17055412

21. Moitessier N, Westhof E, Hanessian S. Docking of aminoglycosides to hydrated and flexible RNA.

Journal of medicinal chemistry. 2006 Feb 9; 49(3):1023-33. [PubMed: 16451068]

22. Osterberg F, Morris GM, Sanner MF, Olson AJ, Goodsell DS. Automated docking to multiple

target structures: incorporation of protein mobility and structural water heterogeneity in
AutoDock. Proteins. 2002 Jan 1; 46(1):34-40. [PubMed: 11746701]

23. Lind KE, Du Z, Fujinaga K, Peterlin BM, James TL. Structure-based computational database

screening, in vitro assay, and NMR assessment of compounds that target TAR RNA. Chemistry &
biology. 2002 Feb; 9(2):185-93. [PubMed: 11880033]

24. Shapiro BA, Yingling YG, Kasprzak W, Bindewald E. Bridging the gap in RNA structure

prediction. Current opinion in structural biology. 2007 Apr; 17(2):157-65. [PubMed: 17383172]

Clin Pharmacol Ther. Author manuscript; available in PMC 2014 January 27.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zhang et al.

Page 7

25. Parisien M, Major F. The MC-Fold and MC-Sym pipeline infers RNA structure from sequence
data. Nature. 2008 Mar 6; 452(7183):51-5. [PubMed: 18322526]

26. Das R, Baker D. Automated de novo prediction of native-like RNA tertiary structures. Proc Natl
Acad Sci U SA. 2007 Sep 11; 104(37):14664-9. [PubMed: 17726102]

27. Pfeffer P, Gohlke H. DrugScoreRNA --knowledge-based scoring function to predict RNA-ligand
interactions. Journal of chemical information and modeling. 2007 Sep-Oct;47(5):1868—76.
[PubMed: 17705464]

28. Cain GA, Croce CM. Chronic lymphocytic leukemia: interplay between non-coding RNAs and
protein-coding genes. Blood. 2009 Sep 10; 114(23):4761—70. [PubMed: 19745066]

29. Voorhoeve PM, le Sage C, Schrier M, Gillis AJ, Stoop H, Nagel R, et a. A genetic screen
implicates miRNA-372 and miRNA-373 as oncogenes in testicular germ cell tumors. Cell. 2006;
124(6):1169-81. [PubMed: 16564011]

Clin Pharmacol Ther. Author manuscript; available in PMC 2014 January 27.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Zhang et al. Page 8

MiRNA sequence Chemical database
Predicted secondary structure Insilico parallel docking and
hit identification
5'-AUGACUGAUUUCUUUUGGUGUU CAGA -3
EHAEEEEE R ALY RN e N
— R R~ P Tt |
3'-UAUUGGCUAAAGUCU ACCACGA UCU- 5% J R B ke V'

LO\TERLU L 2 G
U1\ y>o1 |
\ 1 B~ ) 1)
A O w NN . ‘.‘-J“
S s .

Predicted 3D structure and
Molecular dynamics refinement l

Cluster analysis & compounds
selection for biological test

r

Figurel.
In silico discovery of small molecule inhibitors targeting miRNAs as anticancer

therapeutics.

Clin Pharmacol Ther. Author manuscript; availablein PMC 2014 January 27.



Page 9

Zhang et al.

elWeNNB| 91Ao0ydwA| 91u0Iyd- 7710 ewoydwA| [po g |jed abse|asnyip - 1091 LBdued [B10840]09 - DHD ‘RuUsB/A0B YU U Igoummm//diy Te asedelep 19N Ul se saweu 186.e |

*

(110 aAssau6Ge
pue 19271a ‘Jeoued Bun|
u1) uomssaldxe UBIY GET-HW -

SE0Ub0.d J00d

‘TdNIESdL
MM ‘AIV 'THLOV

‘201W

oluabsuel] GGT-H W ulewoydwA|

ape.B-ybiy e1wne | dnse |goyduwA|
pue uoteyijoid |2 g-0.d .

TSIUeUsaW B8 [0

'SJeoued oleaJoued

pue ‘uojod ‘Bun| ‘1sealq ul

pue 10971Q pue sewoydwA|

feunseipaw Asew ud

‘85835 1p S UPBPOH ‘19
oueIpad ul uossaIdxaPAD .

(019 YNJU €
uoxa ‘g TZbTe) GST-Hw

'S|[e0 091ON Ul Aouerod
Adesayiowayo s1094e TZ-H W .

Ues Koy bnig
'S/80URJ [210910|0 U SIseIsesW ) 98U pue pesy
10973 o0Aou VSV “M03d pUe U0 IS2AU1S30NpUl TZ-4 W . pue 10d1a _mEow_ﬁo\AEo_m_
ap ul uossaldxe ybiy Tz-4w . TINGL ‘NILd ‘Pad auleIn ‘sewouied (BrNaNL ELNE
, ; 's|jed eworse|qo! |6 ul [e91ARD pue [ealeydoso ‘T'€ebLT) Tz
S0UB0 10 poo NIdSYIN 27108 sisojdode Saonpul UMOPXI0UY| TZ-4 W . ‘yJewoss ‘uojod ‘areisoid
. ‘Bun| ‘1seaiq ‘sewoise|qol|B
(Jeoued oreasoued WS UeyoaW e Nos O U1 UoSSaIdXaBA0 .
puUe Jeoued 1Sealq pue uojod
ul) uossaudxe bl Tz-dW .
SBOUDO IO 100g
's91A00ydwA| Ul
UoISsaIdXe Pasea oul YHm 301w Joxsn(o
. 26//T-d1w d1usbsuel) ut Ajunwiwiore
sleled 0€Td/cad pUe aseasp oAl Ry ljoidoydwA|]
Jooued ou1sed pue fewiou wouy ‘TdS1 ‘248491 ‘N3Ld BWOoIS O | NPaW ‘ewo pAw (GzyoeTO €
s red DY SRUILLOSIP VTI-dIH ‘423 ‘2423 ‘2101 21103dode- Ue Ue sey epz-4 . a|dnnw ‘sewoydwA| uonul ‘g TebET) Lisnp
spm| ybIyewsed . ‘Td23 ‘VINMAD ‘4910 pue ‘sjeaued uojod 26/e02/e6T/egT/LT-HW

SKoubeiq

TWIG TTAV TAIV

‘uoIIeZ ke [NoseA Jown)
85e9.J0U1 pUe YIMoJB Jowin) a1ese pade
T-06T- pUe eQz- ‘e6T- 'egT- 'L T-dW .

TSV o= T[] (o]}

pue Bun| ui uossadxaeAO .

s oy rew o13soubo ud pue o1soubelq

*ww@ah panoid

spbie| puesuwsiueyoew fejns|o N

sJown] ul uolrenba e

VNHO0IW Uewny

NIH-PA Author Manuscript

T374avl

NIH-PA Author Manuscript

'SJ90URD Lrewiny Ul SNYoJ0 1w 21usbosuo Jo sojdwex3

NIH-PA Author Manuscript

Clin Pharmacol Ther. Author manuscript; available in PMC 2014 January 27.


http://www.ncbi.nlm.nih.gov/gene/

Page 10

Zhang et al.

'SpIde 2B joNU PEX20| - YN ‘SYNHOI I aSUSS IUe - SOINY
.

| 8seyd s eoIUID

"WNY Jebusssaw jo affienes|d o111j08 jonuopus 10} 1By
VNyw snobo jowoy s1i 03 X2 |dwod siyi apinb 01 puesss
asuasue ay) Buines| (DS 1Y) xo|dwiod Buroua|is paonpul
-VNY uBloldi|nu e ojul pereiodiooul 8fe SYNY S 8y L

‘auab Pbrere Jo YNHW
Ue o} snofiojowoy YNY (Sp) puedis ajgnop e s! YNYS v

SVYNYS

11 pue |aseyd sy LoD

'syonpoJd afenea o ay) Jo aseal Ajeuly
pue areJIsgns ay} Jo afienea (o o14108ds-811s UaY) ‘@ousnbas
196121 Arejuswie [dwiod e 0} Bulied aseq 0 1ID-UoSeAA

"VYNY 161e18y) Buineso A|[ealyioads

315 Yl YNQ onAeRo eS| ‘swAzoquAxozep

10 ‘8WAZYNQ V "UonJIesal eoiwsyd e azARRd ued
BY1andsjow YNY Ue s ‘BwAzus YNy 10 ‘swAzoqu v

SANAZVNQA 10 STNAZOGIH

SIS [EOIUIIORL

“JiwoBeyue

Y1 Jo Bu1joAdal pue wNH IW 8y} Jo uoirepelBap saonpul
saxa|dnp — Jiwobeiue/ YNy IW 8y} ‘umou Apw»|dwod
10U [|13S Aeme Ul YNY IW S0UB 1S S wobejue ay |
OWV/OSV 3ui se Ws|ueyosw

alues ayianey YNYIW ue YNTaYL "YNYIW 1ebe)
ay} Jo aflenes o pakIpaW H-8SYNY 01 Buipes| ‘Buipuiq
MouUD-uose A\ ybnoayl xeidnp YN IW - OS v aonpoud
210U} pUe ‘SYNYIW 1Sukfe SOSY 8/ SONY

"IAyeAxoyew-O- g 0} uonIppe

Ut (Sd) auogydeq areo|yloioydsoyd feied e papnjoul
SUOITRO1IpOW 8y | "UoiepeIBep wiouy 1 1ve104d pue wNY
U} 4o A1jiels By} 8se9.0U1 0} P31} IPOW USS] ey ey}
WYNH00 W paebiie) ay) 0] Aejuswie [dwod s N jow
VNY 8p 1109 |onu-gz papueis-a|buls ae siiwobeiue ay |
SOSV

polJIpOW 7N T SIUesaIde SYNY IW e SYNTaU L
"aush Jeus Jo uossaldxe 1qIyul A|[eoy10ads Agesey) pue
VYNHO00IW pa139 s e 0} Akejuawi [dwiod aqg 0} paubsap
pue yibus| u1 U Zz 01 LT S! Y1 3nod|ow 8X1]-¥YNd
paijipow Ajfeoiweyp ‘papuess-s|Buss 8 SONY 8y L

, ShiwoBejue pue Hiw-Nue sYNT 'SONY

111 pue || aseyd seu oD

‘ybnouyipeal [ewosoqll se |pm

Se ‘Uolieiniew YNYW pue Buiolids 1giyut ‘uondosues
1gIyul ose sOSY 8y L ‘susb 186e1 Jo YNHW ays o
afienes o paeIpaL H-8SVYNY 03 Bulpes| ‘Bulpuig SoHD
-uosie/\ ybnoayl xejdnp OS V- YNHW Ue JO UoifeuwLio

‘auab ey Jo uossaldxe

Hayut A|eatyioads Ageseus pue YNY Jefusssawl paioses
0] Arjusws [dwoo aq 0} paubissp pue Yibus| ul u

22 0} LTSI Y1 9|nodjow 3 1|-YNQ pa1jipow A|ediwayd
‘papuens-a|Bus e s1 apnodpnuobijo asussue Uy

(SOSV) S3AI1L03TONNODITO ISNISILNY

BUON

SYNY I pajB.e) Jo suoouny [e21Bo[oIq Y)im a8l
SNy pUe *A[19811p WaUj Ui 13eJe1u ] pue SYNX IW
10 832 JUNs 8y U0 S18X00d pue S9A00.6 8y 01 puIg SH |INS

"o ‘WSogeIW ‘ad/Md ‘Aijige|lereolq ‘Ayjignios poo
Buipnjou ‘sbnip se ssiedo.d fesp! yiimeq 008 ey
ss3|s1 Ajfensn JyBemainosiow 1By L 'SYNY W 01 puig
A10211p Ued Yo 1Iym sandsjow 91Ueblo d1BYIUAS |ews

(H1nS) sYNY 1w Bunebie) ssnosjow |ews

aseyd juewdopnrap Bnig

uoljoe Jo Wwsiuey N

uoniuieg

sbnip vNd A101giyu|

NIH-PA Author Manuscript

'sBnip swYNY Aiorigiyui jo sadAy edioulid sy Jo SonsL@IzReyd Uew 8y |

¢3714avl

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Clin Pharmacol Ther. Author manuscript; available in PMC 2014 January 27.



