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T A B e R 2 SRR AT 9K

FEN
R K2 R 2 s 19 27 2R
(Department of Psychiatry, Yale University School of Medicine, New Haven, CT)

WE

RIS A 1R R 40 R0 KT
B 1) 4 3 TR 2H S BRATE 9 (GWAS) ) 45 Al —
25k IXUEHFST E 3R I SERINC2. PECR.
ADH FER. AUTS2. ALDH2 JE[K 5k i
(1) SR IR AE B — A v o8 31 4% 35 (R 4 I8 3% /K
(p<5x10-8), Hirh ADH HEP % i S Ik &5 SR AE
VU/NFIST I GWAS FEAHHE50IE. KIAA0040
A PKNOX2 5 PRI 5 1 406t () DG T A1 22 FE AR 1)
meta 43 HT ik )4 3 R 4 5 3 /K- (p<51078),
H 2 DAL FEAR PG BB R . B4,
NRD1. SH3BP5. GPDI1L. PCNX A 54k
0 S BK 5 T 4 R N 41 3 UK T (510"
8<p<10-9) H.W 4k . #J5, HTR7 Fl OPA3
TR 5 T A4 M 11 DG I6 B AR A A SR TR 401 W UK
- (10-9<p<0.05) , {H A 7F & /b = AN 4l 37
GWAS FEA i 31k

[

PG HAE — Bh i P, o R W R
A EAR JOVE R A SR &, BRI %N
Pl 27 EA R RAGRFEE R . BARE
T 22 1R ARG T DRI ) B8 25 T Bt 9
YA B B, 22 DR I I 2 77 2B
Wik . RUE TS KARWF. BLAH TR
THEFERW], WA ) B B 32 35 A% TR 35 5
N P S PSR 1P [ G e
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W ARG (1) A 2B 55 RS 1R A AR K,
AT 1kt 5 0 QI A O I 5 DR it e 1 i i L AL
EL 21375 K% 1 0t (ADH) A1 2 1 it 2B (AL DH)
JEPM, N, AR R, R
2838 oA R AL DRl A IE L . AR IX LY
UL IIHESD T, AR 22 XURS 55 PR PR et 00 1
BN EEAFQ) S ML E 5k FRE
MEEDR, AdE 2 D RE R (MAOA, COMT,
NCAM1-TTC12-ANKK1-DRD2 JE[A). 5-F:1f
it e Z S0 1(SLC6AL, HTR2B JE[A) . r-Z 3L T
TRt R 4511 (GABRA2., GABRG1 JE[K). fHBH
it & 4 ) (CHRM2 . CHRNAS5-CHRNA3-
CHRNB4 Ji (X)) F1 fi] Jv & & 45 (1) (OPRM1
OPRD1. OPRK1 J:[A]), (2)dF4£ i fii 2 it i
SRS RGMEN, i CRHRL 3L, P

MER AR ERE, B 2010 i, BFER
TF T IO 4 22 PR 2H DG BRI ST (GWAS) 6
KRBT S B8 s R 22t T2
ZEN M SRR T A SR R X — AR
B, HAAEW RIS P L i, AR Rghic
A 2 W BT AT AT D TP 44 8 1 4 58 DR 4 G TR
FC, O G B R SRR BRT S0 AIE 1 ¢
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A5 AN DA X85 T 44 8t 1 S B AE B —
REA Pk ) 4 L P 4 B 35 KK (p<5>10-8) . &
ITATE 1 Stk L2 A RS REr 23
[KI(SERINC2). 2 5ok b 1y S A ik -
2-J k-l A IR EIE NI (PECR). 4 4Lt
& LI ADH JERE ., 7 S5k L LE H
VIRE S LR 2(AUTS2). LUK 12 ‘54 (h ik |
(1) ALDH2 JE[R . i PUAS D38 1) G IE &5 S A
FEHEHOT I GWAS FEAH ISR, H ADH
HE DRI 1) I 45 AR DU AN BRAL ) GWAS FEAR

AR 15 44k 1% Nardilysin ZE[KI(NRD1).
3 SY a4k FRY SH3 X45A®EH 5 R
(SH3BP5) #1125 H vl -3- i 12 i &0 1 & K]
(GPD1L). LK 14 SHafk F 1) pecanex [F]
PWAREER(PCNX). HiJE, 1 2 MERRXIES
T AR 1) DTG A B — A v Ak A i IR 4
# /KF(1075<p<0.05), {HTLE A /D> =ANMhAr ()
GWAS FEARHHIE . eI 1ERE 10 T Ytk
) 5-FR AR 7 FEHF(HTR7) A1 19 5 44 th
& BRI A 22 25 45 3 FEIR(OPA3). (L3 1)

R E R, AERERE N AR YN A
N EM AN A 2 ASEER X S5 1 4O
(RIS IRAE ZREAS ) meta Z0 AT ik 1) 4 L 4
BE KT (p<5x10-8), H. 2 /b AE W ANk 7 (ke
A EEIIGUE . ENTER 1 SR ak B
KIAA0040 1 11 ‘54 fafk F 1) PBX/MHT4S 1 [H]
Wig 2 JL(PKNOX2). B4k, 5 4 MREHEIX
35§ W AR 1) O T A R — A v 423 A S TR
41 15 2 7K - (510-8<p<10-9) H. AT # 4o iiF « &

Wik

55 W AR f5 v SE [ OG22 T ADH R
o B/DHEPAD GWAS KILIXAS S AT i [F
B0t A [0 3 4 JE R A KT, 4R
IR N2 NN A PNE B TSP N PN
Olep B 210640F . A4 GWAS & BLIE it
55 ALDH2 A Gtk 1) 4% 2 PR 4 15 2% 7K
ST, ix e ADH FI ALDH2 R4S ok 22 0%

R 1. A 4 DR 2 SR IRAIE 9 46 R s 5

MATFEA 1 PASTREA 2 Meta
SNP S ek g p1H  3THR P pfE ik p1E
rs4478858 SERINC2 1 FEMAA 44107 1 BMAA 2.1>10° 1 3.1x10°
rs2275436 SERINC2 1 EMAN 24x107 1 WIAA 43x10% 1 3.8%10°
rs1039630 (SERINC2) 1 SEP A 26x107 1 M A 0.049 1 47x0°
82SNPs  (SERINC2) 1 EMEA 2.0x10° Y DITEPN <0.05 1 28x07
-7.9x10% 1 -9.8x10°

rs6701037 (KIAA0040) 1 EMAN 3.6x10° 2 FEMAA 1.4x10° 2
EWEN 1.8x10° 3 EWMAA 13x10° 12 6.7x0°

rs6425323 (KIAA0040) 1 EUISPN 5.1x10° 2 EUISPN 1.7x10° 2
EMAN 23x10° 3 EWAA 19x10° 12 12x0°

rs1057302 KIAA0040 1 ESUIEPN 7.9x10° 2 EMAA 1.8x10° 2
ESIISPN 1.9x10° 3 EWAA 25x10° 12 1.6%10°®

rs1057239 KIAAQ040 1 EMAN 6.9x10° 2 FMEAN 8.8x10° 2
EMAN 20x10° 3 EWAA 28x107 12 1.1x0°®

rs1894709 KIAA0040 1 ESUIEPN 7.0<10° 2 EMAA 9.7x10° 2
ESIISPN 28x10° 3 EWAA 3.9x107 12 1.6x0°®
rs2842576 NRD1 1 EIISPN 3.4x10° 2 EUISPN 4.9x10% 2 1.5%10°

ESUISPN 6.1x10° 3

4 F 2N BRI AR E AKX BRAT R



rs1344694 (PECR) 2 s ) 55k 56x10° 4 fE[E Y 34x10° 4 1.7x0°®

7 ] 55 46x10° 5
rs7590720 (PECR) 2 T 5k 57x10° 4 flE[E S 6.7x10% 4  9.7x107
rs1318937 (SH3BP5) 3 ELISPN 140" 6  EWAA 29x10* 3  35x10°

EDIEYN 3.9x10° 3

CSIISPN S 25X10° 16 EYIE Ae 51x10° 16
rs9825310 (GPDIL) 3 il ] B 7.6x10° 5 EMAA 3.0x<10° 5  8.6x10°
20SNPs  ADH JL[H %k 4 LN 6.3<10°® WA 2.0x107° 1.7x10%

-1.5x10° 7 39x10°% 7 saxo™

rs10516441 ADH J[H ik 4 LHEPN 1.0x10% 7
rs1789891 ADH KL[Kik 4 T ) 5 vk 13x10° 5 EWAA 15x102 5  2.3x107°
rs2851300 ADH JE[A i 4 A 5 A 1.0x107 5 EhEA 15x10° 7

DIADN 9.9x10% 7 1.5%10™°
rs4699748 ADH JL[H ik 4 1 ] 55 25x107 5 FEWMEAA 47x10% 5

CHEPN 24x10° 7 WA 1.7x107 7 6.9x10
rs1372679 ADH JL[H ik 4 7 ] 55 1.6x10° 5 EWAA 35x10% 5

CHEPN 3.4x10° 7 WA 22x107 7 38x10"
rs1614972 ADH KKk 4 T ) 5 vk 2.8x10" 4 fE[E Y 3.6x102 4

FEWE A 1.7x10° 14 mhEA 1.0x10° 7 7.7x107
rs1372680 ADH kLK% 4 T ) 5 vk 27x10° 5 FEWAA 6.8x102 5  1.4x10°
12SNPs  ADH JEH % 4 LN 5.0x10° 7 WA 7.0x10% 7 3.7x10"

-1.2x10° 7 WA -3.4x10° 7 -2.8x107°

rs6943555 AUTS2 7 YEIISPN 8.9x<10° 8  RRIM[IAw 1.2x10° 8  4.2x10°
rs7916403 HTR7 10 EMHA+EA 8.0x10° 9 EUEA+EZA 42x10% 9

EMAN 1.8x10° 13 6.3<10°°
rs10893366 PKNOX2 11  E#ipA 3.4x10° 3 FEUNEAN 1.2x10° 3

EMEA AL 6.9x07 11 WA A 1.2x10° 2 85x10%
rs750338  PKNOX2 11  E#ipgA 6.5x10° 2 EVUISPN 5.0x10% 2

ELISPN 24x10° 3 WA 1.4x10°2 2 8.1x10°

EMA N 42x07 11
rs10893365 PKNOX2 11  E#ipA 4.0x10° 2 FEUNEAN 2.0x10% 3

EUISUN 25x10° 3 EWEAALE: 23x<07 11 7.2x10°
rs12284594 PKNOX2 11 ZEMAAN 24x10° 2 EWMAA 8.1x10° 3  8.1x10°

EMA AL 7107 11
rs671 ALDH2 12 [EHEPN 1.0x0°8 7
rs36563  (PCNX) 14 7Bk 6.2x10° 4 plE[E G 3.8x10%2 4  4.6x10°
rs8111589 OPA3 19 EMaA 15x10* 10 EWAA 2.8x10% 10

S BN 1.6x10% 10 W Ae 4.0<10° 15 1.1x0°

BRITRE I FE(Y) . WIRKIOE R TEAAR(a). LLAHBORRJE 1 T RSt I U Aol 55 sR IO IR 4 2R B 1 3

K. Z%3CHk: 1. Zuo etal.? 2013; 2. Wang et al.® 2011; 3. Bierut et al.* 2010; 4.Treutlein et al.> 2009; 5. Frank et al.® 2012; 6. Johnson et al.”
2011; 7. Park et al.? 2013; 8. Schumann et al.® 2011; 9. Zlojutro et al.'° 2011; 10. Edenberg et al.* 2010; 11. Chen et al.*? 2011; 12. Zuo et al.*® 2012;
13. Biernacka et al.'* 2013a; 14. Biernacka et al. ** 2013b; 15. Edwards et al.'® 2012; 16. Zuo et al.’” 2012.

DIReTEm . A REMEEIE R FTUESL TiX BRI B 2, 418+ ADHIB X E1)
48 GWAS KBl sRITHRE R T meta  1s1229984(Arg48His)(p=10-36), ADH1C 3t [l
it BRI LA DI ReTh 25w 5 IHOBIIE |1 1s698(11e350Val(p=10"8) Fil ALDH2 L[

Ll sh gAY 201345457 — AW E 255 7|
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b # rs671(Glu504Lys)(p=3x10-96) 118201
ADH F1 ALDH [ 2 [ A 87 53 RS s A0 1 3
PRI, FLE P 52 e YR A4 1) AR B AT
JE 5

1 SYetafk L) SERINC2 JENAE A A
55 W ARG 1 O I Al Ak 1) 4 BE PR A 25 K F B
A IAIEP . SERINC2 B [Kl gt —Fh 22 5 iR 1%
aEE. ZEORARE LR E B KR,
A IR TR it 5 R0 S L AR o6 . 1 ER
AR RN AR T B 22 1 B A M vh, 8K
Ja o e Bl 22 Z IR AT AE I TG, BBl It
% &, R (phosphatidylserine) #I ¥4 J&
(sphingolipids) . il I Bt 22 22 1R 4 b 771 & 3K 56 [
FDA #3697 & R o o i id A2 4
e RF IR 2 A R A D RE . AR ok
JEECI AN 5 1S B Ak 4. SERINC2 2
PRI W] 8 38 I 4% 2 TR 18 % =K 52 M) Y14 4 it 1)
KAz 1T R AU O AE BT ok EE A

[21]

AUTS2 3 DA 55 5K 78 #E 1) CIRAE— N A
NFEA b5 314 SRR 20 B2 KPP, %56k
TE A WA FTAFEAR R 53] T 861ER*, AUTS2
RN LUME Z B Rt &uhRIE, &5
WEHLH] . AUTS2 S5 PR IA 7E A 80 28 20 R fie
A r-Z 28 T TRBEFR TGP IR, 5 Mk Ty Rk
BEFAT AphahtE. X oRIEBA S
AUTS2 5 PRIAE 7 Fii i 40 P 5z o v AN [i] s B8] 7R
AP 22 e e R IA A — 3%, $&7r AUTS2 HEHAE
SRA AL e . IX A T REMRRE AUTS2 Bt
K547 b I BC R, BRI 5 L2 2 3hdE
PRLE A IR IE R S = S K W3
P AUTS2 ik BRI 7 5 PRI AR i o e s 1 B

[24]

KIAA0040 FERgwfid—A T 4l fupr A .

ERIETZAHAMGE, WKWK %k

6 F 2N BERMYEEFAXRARL

DK Zh R 0 ARNVE 2 . EWAE B T B
KIAAQ040 JE[A E AR S n] i 15 2L R R IA . 1%
FEDRAZ T TNN AT TNR JE K2 7], TNN &[R4
R R E-N. © 25 R A 5 ok
JEFN BB . TNR 3 X U 25 i oKl 25 (4 -R,

FERIE TR E R g 5 2 PO 5w
AR AWM AL KIAA0040 K48
[R5 — N FE IR ASTNL 55 3 44k gt ke 47 Joi 4 3t o
2281 ASTNT JEPRIE 5 L HAMAE . L
LI R B . DA I S oA e 0,

ST KL NRD1 FEAERNZ G K B
EREFAI/E ]« BT, Bernstein Z5iF B NRD1
BEAE N T2 AB AN S M4y A, E RI &
H i FmEEAE PN, NRDI/NRDC i 2 il 5 il
TS A A 1) O B A Y R o S R R A 1)
RIEM PR IO E 5 P28 I b BT R
AL, NRD1 M5 254 22 1928 F R 4 g v
Pl T (hb-EGF) A A H 1 P,

HTR7 2R 4wts G &1 FRELH 5-F2 (a2
& 7o B-FRONG I s W& iz —,
5 5-HT SR A= ERN, S 5 ARZ R
W R, RGP . AL A RA M. RS A
ZURE . SRIEAE . O S AN Bk e ag s, s
HT7 S2ARYE 23 A L 2 i, B e 1 2
RO HoAm S o ik
P HTE PR XS B, P27 B nT Be A 1 Ik i
P B AR B A A E R . AE 5-HT7 #dt
FIRI A B LA S Htr7 2 DRl a o B 385 6 ik A
RIL B-HT7 S2AARALE B 15t S AR 1) 4 71
W L b 8 6 2% S R AZ Th RE I 4 R R .
5-HT7 524k 5 R E M HTHIAER 25 K BURS #ioi 254
IRSRIIZEA ). S M RIRA 5-HT7 it
FIRTRETILAT b ik, e RIS RN
PEPE 5-HT7 35T ] I 25 38 n SCR A s 48 oo
oI RE, e HL AR K i 2 i (1) T 9
Pk rp A A,



PECR &R T — N5 I AR DG bR
BRI R R DX 3o X 2 A S M R VG A e
T A0 I R AMAIRE X A 1 I B KL B
e P300 M lE A . Hgmht () PECR e fh
L Ml U, TR T R A I DG B . e
AR TR A BRI A R () i A
B A, NG fEgeRi R A - AR RE R . Y
it g8 77 MR 4 25 6 2 o4 R T T TR 1) Bsf
fik, XN B H I =R T B A Y UECIR AT
P R RTR il R SN I R L= N s 4
Lbi il PECR AN 2 B fif A 20k g 1Ds 12
(1) C-C %, hasbrffar Bk NaiiRIr) C-C .
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Regulation of immune response and inflammation in tumor microenvironment
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Abstract

Immune response and inflammation
compose the core of tumor microenvironments.
However the relationship between them remains
elusive. Our studies corroborate the idea that the
mission of MDSCs and Treg cells that migrate to
tumor sites are the suppression of tumor
inflammation rather than mediating tumor

Ll sh gAY 201345457 — AW E 255 7|

immune evasion. Mast cells, however, mediate
the crosstalk of immune response and
inflammation by regulating MDSCs and Tregs.
In addition, Toll-like signaling, as the basic
signaling pathway in tumor microenvironments,
may directly regulate immune response and
inflammation, maintaining inflammatory
homeostasis through microparticle pathways.
Despite there is a very complex relationship
between immune response and inflammation, we
suggest that antitumor immune response and
inflammation are negatively correlated and time
dependent. At early stages of a tumor, antitumor
immune responses are dominant. Later, the bias
favors inflammation in tumor microenvironments.

AL TG 2 By, 5T 40 i
N1E 51197254k, Hanahan #1 Weinberg 75 Cell
JeiikF TN (The Hallmarks of Cancer)
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of Cancer: The Next Generation) 2, #3542
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Abstract

The human respiratory tract has innate
defense mechanism, in which the airway mucous
clearance plays an important role. Dysfunction of
this mechanism such as increased viscosity of
the mucous and reduced efficiency of ciliary
swing declines the clearance significantly. This
article, we reviewed the current state-of-art in
this field; and discussed the possible ways in
ameliorating the diseases related to dysfunction
of mucous clearance
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Clinical Diagnosis of Cardiac Arrhythmia and the Application of New Technologies for its Treatment

R % (Xiuxian Alan Zhu)
MD, FACC, Mercy Cardiology, Sioux City, lowa, USA

Arrhythmia is a very common cardiac
disorder. The clinical presentation varies from
minor chest discomfort to the fatal event such as
sudden cardiac death. The correct diagnosis is
essential. The timely treatment of arrhythmia can
mitigate the symptoms and even saves lives. This
article briefly reviewed the clinical diagnosis of
common cardiac arrhythmia and some new
technologies utilized for its treatment.

Key words: Arrhythmia, SVT, VT
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Abstract

Stroke is divided into two broad categories,
hemorrhage and ischemia. = Hemorrhage is
characterized by too much blood within the
closed cranial cavity, while ischemia is
characterized by too little blood to supply an
adequate amount of oxygen and nutrients to a
part of the brain. Each of these categories
consists of subtypes that have somewhat different
causes, clinical pictures, clinical courses,
outcomes, and treatment strategies.
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Abstract

Metagenomics is based on the genomic
analysis of microbial DNA that is extracted
directly from communities in environmental
samples. This technology enables a survey of the
different microorganisms present in a specific
environment, such as water or soil. Microbial
communities play a key role in preserving human
health, but their composition and the mechanism
by which they do so remains mysterious.

Metagenomics will unlock the relationships

between microbial community and health/disease,

provide new molecules for

Bioinformatics

therapeutic.

was used to discover the
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biological functions, diversity, structure and
interactions of microbial communities from the
metagenomic data.
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Drug Discovery \
Pre-clinical research

* Target identification
Find target gene or protein
for disease of interest

* Target validation
Prove the link between
target and disease and
demonstrate it is druggable
* Lead discovery

Screen for primitive drug
molecules that have some
properties of a drug; forms
hits for further work
*Lead optimization
Modify the initial lead to
produce drug candidate

IND application
filed with FDA

(Phase 1 —1V)

)

Pre-clinical testing for efficacy
and short-term toxicity

Drug Development

Phase Il: several

Phase Ill: 100 to several

Phase IV: Post
marketing
studies

* Adverse reaction
surveillance

(

NDA application
filed with FDA

56 kAT F

Pre-clinical testing continues for long-term toxicity
(overlaps with Phase I — lll clinical studies)
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Phenetype-genotype assoclation

Biemarker identification & validation
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The Essentials of Patent Law for Biomedical Scientists

Scientists recognize the importance of
patents from the perspective of technological
innovation as well as asset valuation. However,
most find it difficult to navigate the legal aspects
of the patent process, including inventor rights
and ownership rights. This article defines key
terms, describes the patent application process,
identifies potential obstacles and practical
suggestions for overcoming them as well as the
essential distinction between inventorship and
ownership to aide biomedical scientists who wish
to expand the scope of their research and grow
their business.

Key Terms

A patent is a type of Intellectual Property
(IP) which includes knowledge, ideas and
innovations that give individuals and/or

companies a competitive advantage in business.
Patent rights are not a license to practice the
invention nor do they enable or permit the
inventor to make, use, sell, and/or offer to sell or
import the invention. It gives the owner the right
to exclude others from making, using, selling,
and/or offering to sell or importing a new and
useful invention as claimed in the patent
throughout its term, which is generally 20 years
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from the date of filing of the patent application.!
Patent rights, in effect, create a monopoly over
the invention that is given to the inventor or
owner in exchange for the disclosure of the
invention. The underlying objective of patent
law is to stimulate innovation by offering patent
rights while increasing general public knowledge
through the disclosure requirement.

U.S. Patent Application Process Overview

In order to obtain patent rights in an
invention, the applicant must file a patent
application with the United States Patent and
Trademark Office (“USPTQO”). Patent Examiners
who are trained in specific scientific or
engineering disciplines in the USPTO will
examine the application. The Examiner performs
a series of searches to identify “prior art” in the
field related to the invention. Based on the
search results and the subject matter of the
claimed invention, the Examiner determines
whether the application satisfies all the criteria
for patentability. After one or more rounds of
communications with the Examiner, there are
three possible outcomes. The patent application

['_eahy-Smith America Invents Act, Pub. L. No. 112-29,
125 Stat. 284 (2011) (to be codified in scattered sections of
35U.S.C)).



may be allowed and a patent is granted by the
USPTO; the Examiner rejects the application and
the applicant appeals the decision of the
Examiner; or the Examiner rejects the application
and the applicant abandons the application. Thus,
filing a patent application does not necessarily
result in a patent.

It is important to note that generally, the
first disclosure of an invention in the biomedical
field is in the form of a manuscript. A patent
application differs from a manuscript but can be
developed from a manuscript. A patent
application has a specification which is a detailed
description of the invention and how it works. It
includes various embodiments which are
variations and alternatives to the invention and
includes examples. It also contains drawings or
figures that help to illustrate the detailed
description such as data. The most important part
of a patent application is the claim section. It
characterizes and defines the protected invention
with exactitude. The claims are examined by the
Examiner on which granting of the patent are
based. Each claim contains the elements that are
present in the invention and dictates the extent of
what is being protected.

There are three categories of patents,
namely plant patents, design patents, and, the
most common patent — the utility patents. A plant
patent is granted for a stable and asexually
reproduced cultivated mutant, hybrid, newly
found plant in a cultivated area that is not tuber
propagated”. A design patent is granted for
ornamental or decorative features®, which
typically covers the look of tangible, static
articles, but sometimes can be granted to
animated articles like animated computer icons.
A utility patent is granted for functional or

(135 U.S.C. 8161.
Bl 35 U.S.C. 88171-73.
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technical features of article of manufacture (e.g.
medical device), machine (e.g. MRI machine),
composition of matter (e.g. antisense DNA) and
methods (e.g. method of treatment or
manufacture).”! There are precise criteria for
granting a utility patent-the invention has to be
directed to patent-eligible subject matter, novel,
non-obvious, useful and enable a person having
ordinary skill in the art to practice the
invention."!

Patent Criteria: Identifying & Overcoming
Hurdles

Regarding the boundary of patent-eligible
subject matter in the biomedical field, laws of
nature, physical phenomena,  scientific
principles/mathematical formulas, abstract ideas,
and mental processes are excluded from the
category of patentable subject matter.!! In Mayo
v. Prometheus!”, the patent claims at issue are
directed to a method for optimizing therapeutic
efficacy for treating a disorder by administering a
drug to a patient and monitoring the patient’s
metabolites to determine the best drug dosage.
The method can be summarized in three steps: (a)
administering a drug to a subject, (b) determining
the levels of the drug’s metabolites in the
subject’s red blood cells, and (c) comparing the
measured metabolite levels to predetermined
metabolite levels, to either increase or decrease
the drug dosage in order to minimize toxicity and
maximize treatment efficiency.”® The Supreme
Court first identified that the patent claims set
forth laws of nature, namely, the correlations
between metabolite levels and likely harm or

435 U.S.C. 8101.

Y35 U.S.C. §101-103, 112.

] Diamond v. Diehr, 450 U.S. 175, 185 (1981).
7 Mayo v. Prometheus, 132 S.Ct. 1289 (2012).
(8] See Mayo, 132 S. Ct. at 1295-96.
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ineffectiveness of a dosage.”” The Court then
concluded that the claimed three steps, alone or
in combination, were insufficient to transform
non-patentable natural correlations into a
patentable process!'”. Specifically, the Supreme
Court stated that the three steps are “well-
understood, routine, conventional activity
previously engaged in by researchers in the
field”!'"!. Because the claimed processes lack any
“additional that provide
assurance”, the claims are a “genuine application
of laws of nature.” More recently, in Association
for Molecular Pathology v. Myriad Genetics!'?,
(“Myraid”), the Supreme Court held that isolated
genes are not patent-eligible subject matter
because they are products of nature, merely
separated from its natural form without human
ingenuity. However, cDNA is patentable because
it is not naturally occurring in nature. This recent
case law has provided a framework of patent-
eligible subject matter and leaves room for a
variety of approaches to the drafting of patent
claims in this area.

features practical

Another criterion for patentability is that the
invention has to be novel. If all the elements of
the claimed invention are taught in a single
reference, the reference anticipates the invention,
and thus the invention is not novel. "lAny
information known to the public prior to the
filing date of the application is considered prior
art, which includes products, patents, published
applications, academic journals, papers, posters,
abstracts, websites and books. Thus, in order to
preserve novelty in an invention, a scientist
should not publically disclose a developing

B11d. at 1297-98.

(0114, at 1298.

('] Association for Molecular Pathology v. Myriad
Genetics, 569 U.S. 12-398 (2013).

(12135 U.S.C. 8102.

(3135 U.S.C. §103.
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technology without contacting a patent attorney
or the technology transfer officer. Public
disclosure can be in any form of communication
with anyone outside the university, hospital or
company including posting on a public
website/blog/email, a presentation at a
conference or tradeshow, academic journal
publications, papers, posters, abstracts, and
discussion with outside parties without a non-
disclosure agreement. Since the implementation
of the America Invents Act which changes the
United States from a first to invent jurisdiction to
a first-inventor to file jurisdiction, it is imperative
that an inventor gets his invention on file with the
USPTO as early as possible.

One of the major challenges to patentability
IS obviousness. An invention has to be non-
obvious in order to be patentable. If a person of
ordinary skill in the art can combine multiple
references and modify known technologies to
arrive at the invention, the invention is
considered obvious."¥ In majority of cases,
much time and effort is expended during the
patent examination process to address this issue.

Regarding the preparation of a patent
application, it is good practice for a scientist to
keep a detailed, dated record of the invention in
notebooks, preferably, with a witness’ signature.
It is also helpful to document additional
information. This additional information may
include, for example, the problem that exists and
how the invention solves that problem; prior
known approach of solving the problem and the
short coming(s) of previously known method(s);

a conceptual description of the invention,
examples and data to illustrate how the
technology would be implemented; and a

4T william P. Hovell, Patent Ownership: An Employer's
Rights To His Employee's Invention, 58 Notre Dame L.
Rev. 863, 866-69 (1983).



description of alternative contexts or settings
where similar technology might also be useful.

Although a prior art search is not required to
file a patent application, for a scientist who
believes that he has a patentable invention, a
prior art search is recommended. The search will
provide him/her with published references that
may be related to his/her invention. In many
instances, scientists are well versed with their
particular research area and are familiar with the
most recent publications or references. The
search however should also include patent and
published patent application databases. Since
there are many reasons why a patent product is
not mass produced and marketed, if a scientist
invented a product for manufacture and s/he has
not seen it in the market place, there may still be
a patent that covers the product or a patent
application for the product may have already
been filed and published. A search would provide
the scientist an opportunity to review his/her
invention and to distinguish it from any prior art
that is uncovered from the search before drafting
his/her particular patent application.

Patent Inventor

As previously mentioned, an invention in
the biomedical field is likely to be first disclosed
in a manuscript and a manuscript may be
developed into a patent application. Generally,
the authorship in a manuscript may include
members of a laboratory, the principal
investigator, graduate students, post docs,
technicians and other collaborators. However,
inventorship in a patent application is
determined by different criteria.

In the United States, legal determination of
inventorship is made in relation to the patent
claims. The most important consideration in
determining inventorship is the conception of the
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invention. Only the individual who contributed to
the conception of at least one claim in a patent is
an inventor. Conception is defined as the
formation in the mind of the inventor of a
definite and permanent idea of the “complete and
operative” invention as it is thereafter to be
applied in practice. The test for “complete and
operative” is whether a person of ordinary skill in
the art would be able to construct or use the
invention  without extensive research or
experimentation. Following conception, an
invention must be reduced to practice, either an
“actual” reduction to practice, when the invention
is made and tested (e.g., a prototype) or a
“constructive” reduction to practice, when a
patent application is filed claiming the invention.
It is not necessary for the inventor to reduce the
invention to practice or make a prototype, as long
as the reduction to practice is done on his behalf
or can be done by one of ordinary skill in the art.
An individual who reduces the invention to
practice by following the conception of an
inventor is not an inventor. Also, an individual
who contributed to the preparation of the
manuscript, specification, drawings, and/or
examples in a patent application without
contribution to the conception of at least one
claim in the patent is not an inventor. Because of
the legal standard of inventorship in patents,
individuals who obtained grants or funding,
department chair, members of a laboratory,
principal investigator, graduate students, post
docs, technicians and other collaborators are not
inventors unless they conceived of at least one
claim in the patent. An incorrect naming of
inventors can result in the invalidation of a patent.

When an individual has conceived of the
entire invention, he is a sole inventor. However,
more often, invention in the biomedical field
involves a collaborative effort of many
individuals; in this case, they are joint inventors

http://www.cast-usa.net 77



of the invention. It is not necessary for the
inventors to physically work together, for the
ideas to have occurred to both inventors at the
same time, for each inventor to have conceived
the same part of the ultimate invention, made the
same type of contribution, or for the inventive
contributions to be of equal importance, in a joint
inventorship. Each of the inventors must have
worked on the same subject matter and must
make a contribution to the conception of at least
one claim in the patent. Patent inventorship,
however, is separate and distinct from patent
ownership.

Patent Owner

In the absence of an assignment, agreement
or duty to assign, an independent inventor is the
owner of the invention. In the case of joint
inventorship, each inventor owns an equal and
undivided interest in the joint invention. Each
inventor of the patent can make, use, sell, offer to
sell, import or license the invention without the
consent of other inventors. Thus, in a joint
inventorship, the inventors should have an
agreement or contract in place as to how the
rights of the patent will be apportioned.
However, more commonly, the inventor or
inventors do not own the patent if the inventor or
inventors are employed by another entity under
an employment contract, assign or have an
obligation to assign the invention to another
entity. In these cases, the entity, which can be an
individual, a University, a hospital or a company,
owns the patent. For specifically-inventive
employment, there is an agreement between an
employee and employer to invent a specific thing
or solve a specific problem. Under this type of
employment, the inventor assigns the resulting
patent to the employer in exchange for
employment. If the invention falls out of the
scope of this specifically-inventive employment,

78 Zheng: The Essentials of Patent Law for Biomedical Scientists

the inventor needs not assign the resulting
patent!'™). However, it is not clear whether
employees who have been hired to do research in
general have to assign their inventions to their
employers. The outcome usually depends on the
employment contract between the employees and
the employers. In certain situation, an employer
may still have a license to use the invention if the
inventor used the employer’s time, facilities, or
money to create the invention, or the employer
promoted the invention while reasonably
expecting a royalty-free use.'"!

The legal issue of ownership can be
illustrated by a case of Stanford v. Roche, 131
S.Ct. 2188 (2011). Dr. Holodniy is a researcher
at Stanford University with an employment
agreement which states that he “agree to assign”
to Stanford University, the right, title and interest
in inventions resulting from his employment. To
further his research, he conducted some research
at a California company, Cetus. Dr. Holodniy
executed a separate agreement with Cetus which
states that he “will assign and does hereby assign”
to Cetus his right, title and interest in the ideas,
inventions, and improvements made as a
consequence of his access to Cetus. After
returning to Stanford, the University secured
three patents from the research Dr. Holodniy
conducted.

Subsequently, Roche Molecular Systems
acquired Cetus, and commercialized its research.
Stanford sued Roche for infringing Stanford’s
patents. The Supreme Court held that Holodniy's
duty to assign rights to Stanford did not block
him from actually assigning rights to Cetus and
that Roche therefore held rights in the invention.

(5] parker A. Howell, Whose Invention Is It Anyway?
Employee Invention-Assignment Agreements and Their, 8
Wash. J.L. Tech. & Arts 79, 82-88 (2012).

[16] Standford v. Roche, 131 S.Ct. 2188 (2011).



Roche did not infringe Stanford’s patents
because of the language used in the Cetus’
agreement signed by Dr. Holodniy. The pertinent
language “hereby assign” makes the assignment
contemporaneous when signed by Dr. Holodniy.
Contrarily, the language used in Stanford’s
agreement states ‘“agree to assign,” which
implied a promise to assign the invention at an
undetermined future point. The Supreme Court
has rejected the idea that mere employment is
sufficient to vest title to an employee's invention
in the employer, even in the case of federally
funded inventions. As a result, the Supreme
Court’s decision reassured inventors that the
longstanding belief that the ownership rights in
inventions belong first and foremost to inventors
IS correct.

As discussed above, patent inventorship and
patent ownership are often difficult issues that
have severe impact on the value of a patent and
will certainly affect the hospital, university or
company that rely on them.

Impact of Patents

Patents are a critical tool for individuals,
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hospitals, universities, and/or companies alike.
From a strategic perspective, inventors and/or
other entities can prevent competitors from
unauthorized use/sale of their innovation as well
as unauthorized revenue generation by others
who wish to license their technology by having a
patent portfolio that covers the particular
technology. Patent, therefore, is an effective
protective tactic by discouraging market entry by
potential competitors. Patents may also be an
effective defensive mechanism if faced with the
risk of infringement upon another’s patent.
From a business perspective, patents are valuable
company or organizational assets and have a
direct impact on the valuation of the company or
organization. Patent rights can be monetized
through sale, licensing or as collateral. As a
result, patents increase merger, acquisition and
partnership  opportunities; Domestic and/or
foreign investors such as banks, venture
capitalists, and private equity firms may, for
instance, be interested in investing in a company
with a particular technology patent. In addition,
the ability to market the product as “patented” or
“patent pending” also increases the product
valuation.
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