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Tangibles in all shapes and forms (throughout my career):
e Transitioning from academia to industry

 What we do and my role at IES Diagnostics

e Concluding remarks
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The calmodulin pathway and evolution of elongated
beak morphology in Darwin's finches

Arhat Abzhanov't, Winston P. Kuo' >, Christine Hartmann®, B. Rosemary Grant®, Peter R. Grant®

& Clifford J. Tabin’

A classic textbosk example of adaptive radiation under natural
selection s the evolution of 14 closly related species of Darwia's
finches (Fri yles

in 1he size and shape of thele beaks', Thus, ground fiaches have
deep and wide besks,cacus flnches hae long and poiated besks

profiles of several thousind transcripts in stage 26 frontonasl
processes (which give rise 10 the upper beak) of five species of
genus Gempiza: the sharp-besked finch (Geuspiza difficlis), the
medium and large ground fioches (G. ots and G g i)
and the cact 10 finches (G, sainden

(ow depth and narrower widh), and warbier
and pointedbeak i
Previous work has shawn [}nlznnmdldnﬁ'mmmany of the
theee major dimensions {depth, width and length) of the besk have
major e nseq uences for the overall fitness of the birds™". Recently
we used a candidaie gene approach to explain one pathway
involved in Darwin’s finch beak maorphogenesis®. However, this
type of amlysisis limited to molecules with a known association
with, Herewe use s
less constrained, complementary DNA microarray analysis of the
trnscripts expressed in the beak primordia to find previously
unknown genes and pathways whose expression correlates with
specific beak morphologies. We show that calmodulin (CaM), &
malecule involved in mediating Ca®* signalling, is expressed at
‘higher levels in the long and pointed besks of cactus finches than
o o cabuat bk g of aher spac Vs vildand tids
When

the CaM dependent mm..a, is artificially replicated in the chick
frontonasal prominence, i causes an elongation of the upper beak,
recapitulating the beak morphology of the cactus finches. Our
results indieate that local upregulation of the CaM-dependent
pathway i lkely to have heen a component of the evohation of
Darvdats dach tpeces with elaagured baak marphology asd
provde of beak
evolution along different azes. e 3 e mu,‘ our results impli-
cate the CaMdependent pathwayin the developmental regulation
of craniofacial skeletal sir uctures.

To understand the genetic basis of the species-specific beak
momphologies, we previously perfor comparative candidate

e analysis with developrmental genes knewn i be asoctated with
craniofacial development. We found that a broader and eadier
domain of bone nmlplx:’&utug proten 4 (EMP4) expresson in

(Fig. 13 Mgn..m We fisst used hierar,
whether the overall expression profiles clusiered according 0 species
(Methods). The resultant tree illusteates that most of the ind vidus]

el sren
e Tk

Goacandens G coviosts

Figure 1| Microarray analysis in different findh species. 3, Clustering
sizategy to iolate trnsaipts whose expression i elatad with bak
morphslogy b, The Wan lnkage tree b hat o of heindhcal

the distal neural-crest d he very
deep and wide beak ux!lp]sulo)(,y of the )quul\d finches*. This
expresion difference was shown o be functionally significant by
misexpression analysis in chick embryos

However, the candidate gene approach did not yield any candi-
dates for pathways that could be involved in evolution of the longer
Desk momphology characteristic of the cactus finch species. To
identify pathways invalved in the evalution of long beaks, cDNA

mymluwﬁmmMHM( The frnal chusters of
transcripts, which were upregulated in the comparisan bebreen cactus
finches and e sharp beaked finch and vere downregulated or remsined
in the ground finches compares! with the sharp-beaked finch.
d. Individual expression profies clustered by species except for the
accasonal individual profile, protubly reflecting a certain overiap in
the spedes. Ex

halogy ar
kength of an individul bak.

St Mazsachusd s (ETIS, USA.

2006

Dugariman of Ganatcs Haraed Wl Stoot Bnmon Mazcucars 1 L, Dasson S am 3 Group, Srham and Wemen's Hoapital, Haard Madical Schosl
horn B USA. “Deguariment of Oral Medcing Infecion and kmenueity, Harard Schaod d Dertal Medcine,

ARTICLES

Pioteshnology

A sequence-oriented comparison of gene expression
measurements across different hybridization-based
technologies

Winston Patrick Kuo'?3!8, Fang Liu*!, Jeff Trimarchi®, Claudio Punzo?, Michael Lombard®, Jasjit Sarang’,
Mark E WhippleS, Malini Maysuria’, Kyle Serikawa’, Sun Young Lee®, Donald McCrann®, Jason Kang',
Jeffrey R Shearstone!!, Jocelyn Burke, Dunicl | Park™!?, Xisowei Wang!'?, Trent L Rector®,

Paola Ricciardi-Castagnoli, Steven Perrin'’, Sangdun Choi'%, Roger Bumgamer’, Ju Han Kim

Glenn F Short T2, Mason W Freeman®', Brian Seed® 2, Roderick Jensen®, George M Church?,

Eivind Hovigh, Connie L Cepko?, Peter Park®, Lucila Ohno-Machado® & Tor-Kristian Jenssen!”

Over the It decade, gene expression microamays have had a profound impact on biomedical research. The diversity
of platforms and analytical methods avaiiable to researchers have made the comparison of data from muitiple platforms
challenging. In this study, we describe a framework for comparisons across platforms and laborataries. We have attempted to
include nearly all the available commercial and ‘in-house’ platforms. Using probe sequences matched at the exon level improved
consistency of measuraments across the different microanay platforms compared to annotation-based matches. Generally,
(musoemr was p-d for highly expressed genes, and variable for genes with lower expression values as confirmed by

{GRT)-PLR. C: was higher between aboratories on the same platiorm than
scress platfoms. that, after stringent commercial amays were more consistent than in-house
amays, and by most measures, one<dye platioms were more consistent than twa-dye platforms

Group httpsiiwrww.nature com/n atarebiotach nology

Gene expression microarray technlogy bas grealy matured over the 50 that mesningfl results can be extrsctad scros platbrms. The
past decade, and it b expected that the tedndogy wil exend fts  diversity of platirms and microarry data rabe the questions of
cument role s an experimentsl 100l for basic science researcy and  whether and how dsta from different plathrens can be compared and
beconme increasingy apphed in dlinicsl practice Severa lage efors 10 combined. The resuls from previows cross-platbres comparisons
te standandired protocols for microaray experiments (from probe  have been mised and contimse to be debued" Abhough 2 body
annotation 1o dsta analysis) kave been initisted: the Minimum Inbr-  of information continues 1o develop, at least one of the following
mstion About & Microarray Experiment (MIAME) standirds (bitp/  fctors may v biased the results of previous comparative studies
wowvenged orgWorlgroupy MIAME/miame htinl), The Exterral RNA (i) nonidenticl smples on different. pltforms; (i) samples. not
Contruls Consortirn (ERCC) (bp:/fwww.cstLnist gov/otec/Cellte  sufficiently distinet; (i) samples processed wsing diferent protocols;
Tissuehbessu rementy/Gene Expression/ERCC btm) and The Micro- (i) lack of technical replicses; (v dats preprocessing deps. pot
Armay Quility Contrdl (MAQC) projea (hutpfwwwhibsgovincn/  standandized: () only 3 few types of platibrms directly comparedk
selenceenters ol nibrma telmacge/). All these nitistives aim st (vil] measurements matched using probe amnotations; (vl
irproving the quality of micraurray dita through ; ment’ ot quantified or (i) insuficient biologiaal
Wsjor portalsfor deposition and retrieval of miroaray dats, such  validation. Although some: of the sbove conditions msy be reflective of
24 the Gene Expression Oumaibus (GEO)' and ArcayEspress’, wil be  the actusl linitaticns of these platiorms, in practice they complicate
truly usefil only ifexperiments are sufficiently relisble and annotated  assesing the magnitude of disagre ament attribuetsble to the plforms.

© 2006 Nature Pubﬂi\ll\ﬂ
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Sensory Ability in the Narwhal Tooth
Organ System
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ABSTRACT

The erupted tusk of the narwhal exhibits sensory ability. The
hypathesized sensory pathway begins with ccean water entering through
cementum channels to a netwark of patent dentinal tubules extending
from the dentinocementum junction to the inner pulpal wall. Circumpul-
pal sensory structures then signal pulpal nerves terminating near the
base of the tusk. The maxillary division of the Afth cranial nerve then
transmits this sensory information to the brain. This sensory pathway
was first described in published results of patent dentinal tubules, and
evidence from dissection of sk nerve connection via the maxillary divi-

sion of the fifth cranial nerve to the brain. New evidence

presented here

indicates that the patent dentinal tubules communicate with open chan-
nels through & porous ementum from the ocean envimnment. The ability
of pulpal tissue to react to external stimuli is supported by immunchisto-
chemical detection of neuronal markers in the pulp and gene expression
of pulpal sensory nerve tissue. Final confimmation of sensory ahility is
demonstrated by significant changes in heart rate when altemating solu-

Ebbreviabons wed: OGHP — calatunin gene-related peptide; BOG —
electrocandiograph; FAME ~ fitty ackl methy esters; HSD — honest
signifent. diffrence; HTO = hunlers und trappers organization;
SEM -~ searing elctron mieruopy, TS — Trenbluy Sound.
*Correspondence to: Martin T. Nweeis, Harvard Schodl of
Dienkel Wi, Departut of Dutomae Dastigey end Bl
material Sciences, 188 Long, ston, MA.
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Nov 1,2008 (Vol. 28, No. 19)

Accelerating Research info Clinical Setting

Laboratory for Innovative Translational Technologies Seeks to Expedite
Process

Winston Patrick Kuo, D.D.S., D.M.Sc., Robert Distel

A recent paradigm shift in translational research has placed the role of cutting-edge technologies that
enable innovative solutions at the ferefrent of efforts to improve patient care. Harvard Medical School
has been awarded a five-year clinical and translational science award from the NIH to launch the

Harvard Catalyst, a center whose role is to transform patient-oriented medical research at the medical

school.

The Laboratory for Innovative Translational Technologies (LITT), originally created and located at
the Harvard School of Dental Medicine to provide the Harvard research community with early access to
enabling leading-edge genomic and proteomic technologies, is now an integral part of the Harvard

Catalyst.
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* Molecular diagnostics company with a proprietary, patent protected
interferon assay/test that was developed at the U.S. FDA

 Licensed exclusively to IES Diagnostics by the NIH

e REACTIMMUNE an interferon-based assay that is capable of detecting
the complete Interferon Expression Signature for a variety of diseases

http://iesdiagnostics.com/
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 Interferons, a family of cytokines, constitutes a first line of innate defense
against viral infections, more specifically, type | IFNs, including IFNa and IFN,
activating both toll-like receptors and non-TLR signaling cascades

e Body’s immune system produces proteins called interferons to combat
illnesses and diseases

e Each disease triggers our immune system to engage a distinctive combination
of different types of interferons

e Accurately and reliably determine the IFN Signature for a variety of diseases.
e Shorten the drug discovery process for interferon based therapies,
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Graphical representation of the relationships between the innate

immune response by IFNs and the adaptive immune response by IgM A Path to Extinguishing Ebola
and IgG in response to a virus infection and resulting viral RNA levels. e oL o INTERFERONS N DETECTING EBOLA AN OTHER EHERGING

. - - Winston Patrick Kuo. Abdalish Elkhal and Ronald G. Jubin | December 15, 2014 | @ 0 Comments

htt p ://p u I Se . e m bs. o rg/nove m be r-ZO 14/path-ext| ngu Ish | ng-e bola/ Earlier this year, it appeared that the Ebola virus outbreak would be contained in West Africa;
however, as seen of late, epidemics tend to be unpredictable. Instead, the Ebola virus has
become an increasing concern and even more challenging since the first reported case from

h . b I b h Guinea in March 2014, As of November 22, the World Health Organization reported at least

ttp '//WWW' prwe .Com/re eases/2014/12/prwe 12361334' tm 15,935 cases and 5,689 deaths in seven affected countries [1]. Given these statistics, the

questions now are how far will it spread and at what rate? To mediate this situation, can a
diagnostic test be developed to determine whether a patient is infected (exposed) but presents
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Short Course in Extracellular Vesicles: .

The Transition from Tissue to Liquid Biopsies
Free Webinar Series - September 11,18, 25 & October 2,11:00am EDT
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Short Course in Extracellular Vesicles:
The Transition from Tissue to Liquid Biopsies

Dovnloadable Handout
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Short Course in Extracellular
Vesicles — The Transition from
Tissue to Liquid Biopsies
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Questions

My contact information:

Email: wkuo@iesdiagnostics.com
Skype: wpkuol

WeChat: TINNOVATOR
Telephone: 857-222-4363




