1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

NATIG,

o
HE

s sy,
Y

10

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Transl Res. 2013 July ; 162(1): 34-44. doi:10.1016/j.trs1.2013.03.002.

Autoimmunoreactive IlgGs Against Cardiac Lipid Raft-
Associated Proteins in Patients with POTS

Xiao-Li Wang®1, Tian-You Ling*81, M. Cristine Charlesworth', Juan J. Figueroa®, Phillip
Low", Win-Kuang Shen8, and Hon-Chi Lee$

*Department of Cardiology, Rui Jin Hospital, Shanghai JiaoTong University School of Medicine,
Shanghai, China

SDepartment of Internal Medicine, Mayo Clinic, 200 First Street SW, Rochester, Minnesota
55905, USA

TProteomics Research Center, Mayo Clinic, 200 First Street SW, Rochester, Minnesota 55905,
USA

*Department of Neurology, Mayo Clinic, 200 First Street SW, Rochester, Minnesota 55905, USA

Abstract

Lipid rafts are specialized plasma membrane microdomains that serve as platforms for integrating
cellular signal transductions. We have recently reported that autoantibodies against cardiac
membrane proteins are present in patients with postural orthostatic tachycardia syndrome (POTS).
In this study, we examined the presence of autoimmunoreactive 1gGs against lipid raft proteins in
these patients. 1gGs were purified from the sera of 10 patients and 7 normal controls. Cardiac lipid
raft preparations were isolated from normal human heart tissue. The lipid raft-associated proteins
were resolved by 2DE and immunoblotted against 1gGs from each subject. Protein spots that
reacted specifically with patient IgGs were identified by nanoLC-MS/MS. Thirty-four such
protein spots, and 72 unique proteins were identified. The targets of autoimmunoreactive IgGs
include proteins associated with caveolae structure, adrenergic signaling, calcium signaling,
cytostructures, chaperone and energy metabolism. Multiple pathways were involved including
those that regulate caveolae-mediated signaling, oxidative phosphorylation, fatty acid metabolism,
protein ubiquitination, and cardiac B-adrenergic signaling. Our results suggest that cardiac lipid
raft-associated proteins are targets of autoimmunoreactive 1gGs from patients with POTS.
Autoimmunity may play a role in the pathogenesis of POTS.

Postural orthostatic tachycardia syndrome (POTS) is a common form of orthostatic
intolerance, and the etiology of the syndrome is complex and unexplained in most patients.
Various causes and mechanisms have been proposed for the disease including autoimmunity
and ganglionic acetylcholine receptor (AChR) antibodies®. We have recently reported the
presence of autoantibodies against cardiac membranes in POTS patients?. In this study, we
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examined whether cardiac proteins in lipid raft microdomains constitute targets of
autoantibodies in POTS patients.

Subcellular fractionation can reduce sample complexity for proteomic analysis and is most
efficient when combined with 2-dimensional gel electrophoresis (2DE) and mass
spectrometry (MS) studies®. Numerous studies have shown the importance of lipid raft/
caveolae microdomains in the regulation of cellular signal transduction, mechanosensing,
lipid metabolism, cholesterol homeostasis, and ion channel activities*13. Many critical
signaling proteins and their effectors are compartmentalized in lipid rafts and if they become
autoimmunoreactive, normal cellular functions may be disturbed. These microdomains are
richly and tightly packed with cholesterol, sphingolipids, and glycosyl-phosphatidylinositol
(GPI) anchored proteins, and thus have a low buoyant density in sucrose gradient
fractionations. Caveolae are particularly abundant in terminally differentiated cells such as
adipocytes, squamous epithelial cells, and muscle cells?,

Study subjects and IgG isolation

This study was approved by the Mayo Clinic Institutional Review Board and all participants
provided written informed consent. Patients were excluded if they had a history of
confirmed autoimmune diseases. Seven control subjects (6 females and 1 male, average age
36.1 years) and 10 patients with the diagnosis of POTS (7 females and 3 males, average age
35.1 years) provided 30 ml of venous blood. The detailed clinical and laboratory profiles of
the subjects and controls are outlined in Table 1. POTS was diagnosed in the POTS Clinic at
the Mayo Clinic under the supervision of Dr. Phillip Low and they satisfied the criteria of
such syndrome as previously described!®. IgGs were purified from each serum sample using
the Melon gel 1gG isolation kit (Pierce Biotechnology). Normal human heart tissue was
obtained from the National Disease Research Interchange (NDRI).

Purification of lipid raft fractions from human heart tissue

Lipid raft fractions were prepared by the non-detergent method as we have described?.
Briefly, frozen heart tissue from all four chambers was homogenized and sonicated with 2
ml of 500 mM sodium carbonate (pH11) with protease inhibitors (Roche Diagnostics,
Germany). The homogenate was centrifuged at 2,500 x g for 10 min and the supernatant
containing 3 mg of proteins was adjusted to 40% sucrose by mixing with 2 ml of 80%
sucrose prepared in MBS (0.15 M NaCl, 25 mM 2-[N-Morpholono] ethanesulfonic acid,
pH6.5) and placed at the bottom of an ultracentrifuge tube. Discontinuous sucrose gradients
of 5% and 30% were layered on top (4 ml of 5% sucrose/4 ml of 30% sucrose, both in MBS
containing 250 mM sodium carbonate, pH11). Samples were then centrifuged at 260,000 x g
for 20 hours at 4°C. Twelve fractions of 1 ml each were collected sequentially from the top.
The lipid raft fractions were identified by immunoblotting against anti-caveolin-3 antibodies
(1:1000, BD Transduction labs), dialyzed against ammonium bicarbonate (50 mM, pH7.8)
and lyophilized to reduce sample volume.

2DE and immunoblotting

The experiments were performed as we have described?. Proteins from the human cardiac
lipid raft fractions prepared above were resolved by 2DE and transferred electrophoretically
onto a PVDF membrane. IgGs isolated from each control and patient were used to develop a
separate immunoblot. Antibodies against Desmin (1:1000, Cell Signaling), HSP70 (1:1000,
Enzo Life Sciences) and cavin-1 (1:2000, Bethyl Laboratory, Inc) were used for 2DE gel
immunoblotting to identify their spot locations in 2DE gels.

Transl Res. Author manuscript; available in PMC 2014 July 01.



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

1duasnuey Joyiny vd-HIN

Wang et al. Page 3

Protein identification and data analysis

Protein spots specifically reacting against patient 1gGs were selected and processed for
protein identification by in-gel trypsin digestion and nano-LC-electrospray tandem mass
spectrometry as previously described?.

Protein interaction network analysis

Ingenuity Pathway Analysis (IPA, Ingenuity® Systems) was used to identify signaling
pathways and networks as previously described2. The composite was laid out graphically
using the network visualization algorithm Cytoscape 2.8.217.

RESULTS

We first evaluated the effectiveness of lipid raft/caveolae-rich fraction isolation. Caveolin-3,
the marker of cardiomyocyte caveolae, was enriched in the low buoyant density fractions
(Figure 1). In contrast, the non-lipid raft membrane marker, clathrin, and the subcellular
organelle marker Golgi 58, were differentially distributed (Figure 1). Clathrin appeared
predominantly in the heavier fractions of the gradient, suggesting the exclusion of clathrin-
coated pits as well as clathrin-associated membranes from our caveolae-rich lipid raft
fractions. The Golgi apparatus was also distributed in the heavy density fractions. These
results suggest that the lipid raft fraction was relatively free of contamination by intracellular
organelles.

After 2DE separation and silver staining, 1159 protein spots were visualized (analyzed by
PDQuest, Bio-Rad Laboratories, Inc.) (Figure 2A). 2DE gel immunoblotting analysis
demonstrated that 34 spots reacted specifically with patient 19gGs (Figure 2B& C, Table 2).
These spots were further analyzed by nanoLC-MS/MS and the results identified 72 unique
proteins (Table 3). A variety of cardiac lipid-raft associated proteins were targeted by the
IgGs from POTS patients. These include proteins associated with caveolae structure (cavin),
adrenergic signaling (protein kinase A), calcium signaling (sarcalumenin and S100),
cytostructures (desmin, desmoplakin, desmoglein, vimentin, and plakoglobin), chaperone
(heat shock 70), and energy metabolism.

To validate the results from nanoLC-MS/MS, specific antibodies against desmin, cavin-1
and HSP70 were used against 2DE blots of cardiac lipid raft/caveolae fractions (Figure 3).
The results are in agreement with those from proteomic analysis, confirming that the protein
identification results were correct.

To help understand the physiological and pathophysiological relevance of the
immunoreactive lipid raft proteins, we performed network and canonical pathway analysis
on the data from Table 3 using the IPA. Seventy-two identified proteins were integrated into
a composite neighborhood comprised of 113 nodes linked by 389 interactions or edges
(Figure 4). Network topology was assessed as an undirected network and the results
demonstrated that the network topology was not random. A nonstochastic property was
confirmed by examination of the interrelationship between node degree (k) and degree
distribution (P[A]) (Figure 4). The organized assemblage followed a power law distribution
falling within the predicted confidence range of biological networks8,

Canonical pathway analysis demonstrated that many of the proteins targeted by patient 1gGs
are interrelated in pathways based on the IPA library (Table 4). Many pathways are involved
including those that regulate caveolae-mediated signaling, oxidative phosphorylation, fatty
acid metabolism, protein ubiquitination, and cardiac p-adrenergic signaling (Table 4).
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DISCUSSION

In this pilot study, we have made the following observations. First, autoantibodies against
cardiac lipid raft microdomain proteins are present in patients with POTS. Second, multiple
lipid raft/caveolae proteins are potential targets of the autoantibodies in POTS. Third, the
presence of autoantibodies may affect the regulation of multiple cellular processes in
patients with POTS.

Proteomic technologies have provided ideal tools in the search of antigens and antibodies in
autoimmune diseases. The approach combining 2DE gel immunoblotting and MS has been
effective in the identification of new antigens/antibodies in autoimmune and other
diseases!®. While the analytical power of MS-based technologies has become greatly
improved in recent years, sample preparation remains a limitation for optimal sensitivity of
proteomic analysis. In extremely complex protein preparations, the presence of high
abundance proteins reduces the ability to detect low abundance proteins. To reduce sample
complexity and augment low abundance proteins, we prepared lipid raft/caveolae fractions
which are abundant in cardiomyocytes. Caveolae are specialized lipid rafts enriched with
cholesterol, caveolins, and signaling molecules and they provide platforms for integrating
specific cellular signal transduction processes!3. Interaction between autoantibodies and
lipid raft/caveolae proteins may trigger alterations in signaling pathways to produce the
cardiovascular abnormalities seen in patients with POTS.

Our results showed that proteins regulating multiple cellular processes, such as signaling,
metabolism, oxidoreductases, chaperones, catabolic, cytostructure and transcription, could
be the targets of autoantibodies in patients with POTS. Many of the proteins have previously
been implicated in cardiac dysfunction or cardiac disease, such as S100A820, HSP7021,
desmin?2, and desmoplakin?3. However, involvement of these proteins in the pathogenesis
of POTS is unknown. Further studies are needed to substantiate the role of these proteins in
POTS. Although it is difficult to predict the prevalence of autoantibodies in the POTS
population from the limited number of patients studied, our results indicate that a multitude
of cardiac lipid raft-associated proteins could be targeted by autoimmunoreactive IgGs in
these patients (Table 2). As shown in Table 2, the putative autoantigen profile of each
individual patient was variable. Analyses of large population-based data sets are needed to
provide further information on these issues.

Validation of the nanoLC-MS/MS results using affinity purified antibodies of desmin,
cavin-1 and HSP70 was performed (Figure 3). The results are consistent with those from MS
analyses indicating that this technology is a valuable approach in identifying potential
autoimmune targets. Desmin, HSP70 and cavin-1 have been shown to be associated with
caveolae?4-26 and cardiovascular diseases?2. Desmin is a critical component of cardiac
myocyte architecture, structure and signaling. Mice without desmin have impaired
mitochondrial function with abnormalities in cardiac and skeletal muscles?’. These animals
are weak and easily fatigable, and the lack of desmin renders myofibers more susceptible to
damage during contraction?8, Increased plasma levels of anti-HSP70 were found to be a
cardiac risk factor associated with a significant incidence of ECG abnormalities
characteristic of chronic myocardial ischemia, conduction abnormality, or heart
displacement2?. Previous study also suggested that higher serum HSP70 antibody level may
be a marker for subsequent development of postoperative atrial fibrillation3. Our findings
suggest that the presence of autoantibodies against HSP70 could be a risk factor for the
development of cardiac dysfunction in POTS.

Interestingly, a newly described protein, cavin-1, also known as polymerase | and transcript
release factor (PTRF), is one of the targets of the autoantibodies in POTS. Cavin-1 is
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required for the formation of caveolae in all mammalian and plays a critical role in
regulating caveolae function in endothelial cells?6. Cavin-1 also facilitates repair of
damaged muscle cells®L. Cavin-1 mutations in human caused a secondary deficiency of
caveolins resulting in muscular dystrophy, as well as arrhythmias and atrial fibrillation32.
Therefore, further studies are warranted to investigate the effect of immune reactions against
cavin-1.

Cellular proteins are connected through extensive networks of interacting pathways.
Assembly of biologically relevant interactomes may help better understand the effects
produced by the binding of autoimmunoreactive IgGs to lipid raft/caveolae proteins. The
unbiased gene ontology-based network interrogation further indicates that autoimmune
reactions to cardiac proteins are biologically relevant with nonrandom effects on cardiac
functions (Figure 4). Some of the targeted proteins are important signaling proteins and they
encompass many signaling pathways (Table 4). The potential involvement of the B-
adrenergic signaling pathway in POTS is particularly intriguing as a putative mechanism
that underlies the clinical manifestation in POTS is an imbalance between sympathetic/
parasympathetic regulations. Hence, further studies on the functional relevance of
autoantibodies and their potential cardiac membrane protein targets may provide important
insights into the pathogenesis of POTS. We hope that this study may serve as an impetus for
further investigations in this area.
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Figure 1. Immunoblot analysis of human cardiac membrane sucrose density gradient fractions
(A) An equal volume of each sucrose density gradient fraction was loaded onto each lane.
Enrichment of caveolin-3 in the low buoyant density fractions indicated the successful
separation of caveolae/lipid raft fraction (top panel). The middle and lower panels show
clathrin and Golgi 58, the non-lipid raft plasma membrane and intracellular organelle marker
proteins, respectively, are predominantly detected in the heavy fractions, but not in the
caveolae-rich fraction. (B) The distribution of protein content across the gradient fractions
was expressed as a percentage of the total amount of protein recovered in the gradient.
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Figure 2. 2DE gel immunoblotting of human cardiac lipid raft/caveolae fractions

(A) Protein maps resolved by 2DE with isoelectric focusing, SDS-PAGE and silver staining.
(B) Protein spots in representative 2DE immunoblots reactive against purified 1gGs from a
healthy control (upper panel) and a patient with POTS (lower panel). Arrow shows patient-
specific immunoreactive protein spots. (C) Patient-specific immunoreactive spots sampled
from silver-stained 2DE gel for protein identification, spots 1 to 34.

Transl Res. Author manuscript; available in PMC 2014 July 01.



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

1duosnuey JoyIny vd-HIN

Wang et al.

Page 10

A Cavin-1 Patient (#010)
D) § ) il ‘
- -
- > oo
¥ Q
B Desmin
' =)
& . Zm .. A
c HSP70
. —
-

Figure 3. 2DE gel immunoblot of human heart lipid raft/caveolae fractions against anti-cavin-1,
desmin and -HSP70 antibodies

Immunoblot analyses of 2DE of lipid raft/caveolae fractions against commercially available
antibodies (left panel) and against patient serum 1gGs (right panel). The results show
agreement for anti-cavin-1 (A), anti-desmin (B), and anti-HSP70 (C).
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Figure 4. Network analysis of the proteinsidentified by M S from patient-specific protein spots
(A) Seventy-two unique proteins identified by MS submitted to Ingenuity Pathways
Analysis as focus nodes were integrated into a composite neighborhood comprised of 113
protein interaction network linked by 389 interactions or edges. Nodes are listed by Swiss-
Prot gene designations and the color corresponds to ontological function. (B) Network
degree distribution, (P[K]) versus degree (k), followed a power law distribution indicating
nonstochastic scale-free network architecture a typical biological networks.

Transl Res. Author manuscript; available in PMC 2014 July 01.



Page 12

Wang et al.

ain|1ey 1SUOS0SEA d1B13UBIpR

Jojouridoid ‘uounssy ‘urdouor

AnnowsAp

(8L/211) T€T (92/011) 08 (9eT-¥9) /8 1. pliw ‘aduels|ojul oyuo ‘UNUoINaN ‘JaulIo]d ‘|118Xa] 19 "Biyise ‘spuype ‘spidif ‘dgH W z€ 01
BllRqWAD ‘00I0N
(#8/80T) LET (0L/7TT) €8 (L€1-29) 8 z8 80UR.I3|0JUI OYLIO ‘08UAZ ‘unsabolollA ‘uidouory 1540 [eaypaunuiad ‘snuis ‘qy39 “ewszo] 19BX0WY 4 9 6
8oURJB|0lUI uounsaiA ‘09sojld ‘|ojoidoisin
(#9/98) TOT (v9/z6) 2L (L€T-¥9) 06 19 OUMO ‘ain|ie} J0jowIOpNS [820) ‘0dex@7 ‘unuoinaN ‘yautiol4 [3MOQ 3| eI ‘SISO3JINUOUOIN 931ULIdS ‘Jopelue) | E| 2 8
ajels o1bJsualpesadAy
(%T19) rewsoN (02/00T) T€T (95/011) 28 26 '30UeI3|0} OYHOL unsebolollN ‘eba| |y 10exXowy E| 0z 2
(08/00T) 02T (#9/80T) 92 88 eipJeakyoe; oyuo Q 3 ‘weadofend ‘jojoldolsiN a s1soulwenAodAy ‘[amog ajqet| 3uop020.pAH E| 8T 9
sisopiyodAy
Joulw ‘uawredwii J3leyul ‘dog
(%€£9) [ewIoN (z8/v0T) G9T (vL/zzT) 88 (z61-19) €6 88 o1bsauaipe TejnaseA pjiw ‘|0JOpEN ‘BULIPOPIIAl ‘Utdouo|y uoissaidap ‘spidi| ‘ewyisy E| G G
uoisualodAy oyuo ‘sisoipiyue
|e1sip ‘ainjiey o1bauaipe
(uiw pue [ebeAoipled aianss uounsa
S'7) (~/09) ¥9 (v6/%9T) ¥9 19 ‘AUedoInau JILIOUOINE 8J3A3S  ‘BULIPOPIIA *> ‘UNUOINAN *JaULIOlS AnnowsAp 19 W 95 v
SISOIpIYUE [E201INW plIW
‘redwi Jayowopns Buebisod JauLio|4
(%09) [ewlioN (0L/0TT) S2T (8L/zzT) v2 (Sy1-09) €2 €9 pliw ‘aduess|0jul 0yHo ‘[esspul ‘Xaniwi ‘eUAT ‘A UA as.Ld ‘anbiyey oluoyd ‘eibjeAwoiqi4 W 8y ¢
Ayredoinau BI3A0Id ‘BUIpIUO|D
(%29) rewsoN (92/52T) vET (z6/8vT) 26 G9T-68) ¥TT LTT OoJne pjiw ‘adueIa|0)U] OYHO ‘Jondi ‘jojoudos|y ‘saidered dgH “rejodig E| 1S ¢
eWazo9 ‘elbeAwoiqny
(%659-09) [ewloN (¥8/0TT) 22T (08/221) 66 (697-02) TOT 92T 80UEJR|0MUI OYHIO weald yunay ‘spidi] ‘sibujuaw "ewoueN UIJBXO0|0AST INYINS E| w1
$108[anS S10d
2950]14d ‘|1douisi ay3ao 'daH N £ L
ey ewIYISY E| 144 9
X8 Wy ‘110 ysy ‘IApY syl snuis usi18ys ‘Nod 4 W g
spidi aull paydaopnasd ‘upAwoiylzy 4 1€ ¥
18150z sadiaH ‘dg ‘spidi E| S €
4 €& ¢
oldens] a|npou p1oJAy) ubiuag aureso.d ‘auispo) 4 ey T
§|oJjuo)
(d9) (ebue.)
(d9) dH uiw dHaulpseg BAv Ndg
(% 43A7) OHO3 0T Apnis 1L Apnis 111 dH BI1oH Ndg dH 903 sBuipuid Apnis ' swoidwiAs suolreoIpe N HIAd sb.B|IvV x5 8by

NIH-PA Author Manuscript

T alqel

NIH-PA Author Manuscript

siuaned S10d pue sjo1uod Jo sbuipuily Alo1eloge| pue sajijoid [eatul|d

NIH-PA Author Manuscript

Transl Res. Author manuscript; available in PMC 2014 July 01.



Page 13

Wang et al.

0z aInBi4 01 Jagal apod Jods
"«

€T 2T '6C'8C 2292 'S 'TE0E Y 'E 810
L10

910

ve ‘ez 'z ‘12 ‘o S10

v '€ '2'T€'0€ ‘6T ‘8T ‘LT ¥10

T €10

v€ ‘€€ '2€ 'T€ '0€ ‘9T ‘ST '¥1 ¢10
L'9'S 110
ETCTIT'0T'6'8°L'9'S'V'E'C 010
v'e'e 600

Stodsoyoads welled 4 ey

s10ds aAnoraloUNWIWI 214193ds uaied S 1 0d

¢?olqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Transl Res. Author manuscript; available in PMC 2014 July 01.



Page 14

Wang et al.

wstjogelsw Apog auoley

d1V pue dav jo abueyoxa

Sy0D-1Aae Jo sisAjolpAy

uononpsuel) ABiaus

uonanpsue.y Abiaus

abewrep [elipuoydoyw pue sisoydode
91942 p1oe o1jAxoqiedll] ‘wsijogelsw aleipAyoged
rluuyAyie ‘AyredoAwoipted ‘uoisaype |10
sisauaboibue ‘uoisaype |39

uoisaype |[99-]199 Buneipaw
UOITRRUBIBHIP [189

AydounadAy ‘yuswdojanap ajosnw
suig)o.d pareuninbign jo uoiepeibap
AyredoAwoipJed ‘uigioid [ewosowsap
D 21ydosuadAy ‘uisiold aj1oesu0d
AyredoAworpled ‘uaweliy aelpawLaul
SJuBWUe| 1) 8JeIPAWIBIUI ‘U0}B|8XS0IAD
Alnow [139 ‘u01a|axs01fd

ANAROR 3|NJ3JOW [2INIDNIS ‘8]NGNI0IoIW
ANANYE 8]NJ8j0W [BINIONAIS ‘BINGNI0IoIW
ANAROR 3|NJ3JOW [BINIONAS ‘B]NGNI0IDIW

AydonsApodi] ‘A1IAnoe ajndsjow [einionils

NYWNH TIHL
NYINNH T1av
NYINH TLOOV
NVINNH SYOM
NYINNH INYOY
NYIWNH INIHL
NYIWNH ASIO
NVINNH Mv1d
NYINNH WO4IN
NVYWNH 19sa
NYIWNH 2vId
NYINNH T1HA
NVINNH 8S¥d
NVYINH dS3a
NYINNH LHAW
NVYWNH INS3a
NYINNH INIA
VINIX 21OV
NVYIWNH sggl
NVYWNH Ozgdal
YIN3X Vel
NYIWNH ZaNINT

aseJaysuel})A18oe oD-1A180y T1VOV

T esedo|suen d1v/davy  ¥VvSZI1S

T 9SeJ81S801Y) Y SWAZU802-|A0y 7100V
adAl-g aseury auneaid ZLNMD

adA)-|N aseury auneal) D

ase[o1} \Y0D-|Ade01a)-¢ [AAe) 4
3SeyIuAS arenID SO

uiqojboxeld uonaung dnr

uLisypeoe] 8394IN

T-uts|bowseq 19sa

Z-unbBeyiy 79714

T ureloud surewop N1 J[ey e pue no TTH4
8 1ungns Alojenbai aseajoid S92 GOINSd
unfejdowsaq dsa

L-U1soAN LHANW

ulwss@ saa

unuawIN WIA

9eIpJeI/I1I3WOIeS Byd]e ‘UoY 10V

ureyd g-e1aq unngn L sgant
ureyd Dg-eleq ulingn_L ocadant
ureyd eydpe unngn vdan.lt
c¢g-ulwen CANINT

Buipjoy usloud ‘auoiadeyd NVNH OdSH ureloud e T/ 8¥euBod Xooys 1esH 8VdSH

Buipjoy utaloud ‘suosadeyd NVINNH T.dSH aT/vT uiaoid ey 0L X0ys yeaH VIVdSH

Buipjoy ureroud ‘suosadeyd NVINNH 09HD utajo.d 500U Jeay eaX 09 TAdSH

asesawos| ‘auoiadeyd NVINNH 9VIAd 9V 9SeJaWosI-aplyINsIp ulsloid oviad

Buibe pue uoiresayljoid |89 ‘suotadeyd NIAOG §/dd4D ursyoud 0/-sseA1S 6VdSH
uonebaibas awosowoiyd ‘sisoydode NVYWNH VYVVZ vz asereydsoyd ulsjoid-auiuoaiyy/aulies V142ddd
sisoydode NVNH 8V0TS 8V-00TS uIs10id 8V00TS

uolpuN sequinu 29y aweN uploid s|oquiAs

NIH-PA Author Manuscript

€9lgel

NIH-PA Author Manuscript

s10ds 21J19ads juaiyed wouy payaslap suldlold

NIH-PA Author Manuscript

Transl Res. Author manuscript; available in PMC 2014 July 01.



Page 15

Wang et al.

Burreubis parelpsu-O3id NVINNH €9d7T € uajoud Buipuig-urewop N1 €aal
UOITeI11POW [euolle|SUBl}-1S0d NVINNH 2dv nungns Aioejnbai eydje-|| adAy aseury uisjoid apusdep-dINYY  VZHVMdd
UOIeD14IPOW [BUOITR|SUBI}-1SOd NVINNH 0dVYM nungns AloyenBal eydye-] adAy aseury uiejoud Juspuadap-diNY9  VIHMVYMHd

AyredoAwoipied ‘ase1onpaiopix0  NVINNH AQVOVY aseuaboipAysp oD-|A%e o1419ads uteyd-buoj AIsA  TAAVIV
sisoydode ‘ase1onpaIopIXO NVYINNH TOVAA T u1s104d [auuRYD BA1198[9s-UOIUR Juapuadap-abeljoA TOVAA
sisoydode ‘aseionpaiopixo NVINNH TINAIY T Jo3oey Buronpui-sisoidody TINAIY

8SEJONP3IOPIXO NVINNH aHa1 aseuaboipAyap aye)oel-q 8|qeqoid aHan
85e10NPaIopIX0  NVINNH NAVOV aseusbolpAyap 0D-|Aoe 213103ds ureyo-wnipain NAvOoV
8SEIONPRIOPIXO  NVINNH WHAW aseusholpAyap srefen ZHAW
8SEJONP3IOPIXO NVYNNH VHA ureyd v aseusboipAyap areloel- VHa1
85e10NPaIoPIXO NVIANH dHal aseuaBopAyap syentoos| ZHal
9SENPaIOPIX0  NVINNH ¢1dSH 2 uiajold aj1j-aseusbolpAysp p10aIsAX0IPAH 21asH
9Se1ONPAIOPIXO NVINOH LI1SD3 ARemuped |01 Ul ajeIpawaul Buifeubls panIasuod Aj1Lieuonn|oAs 1103
ase1oNpalopIXQ NVINH 20a0  xajdwod aseuaboipAysp sjeein|Boxo-g-aselajsuesijAuloons anpisal-auisAjiAodijoipAyig 1s1a
3SL1ONPaIoPIXO NVINNH 2ddo xa]dwod aseusboipAysp a1eAniAd -aselaysuel|A1ade anpisal-auisAjAodijoipAyiq 1v1a
35e10NPaIoPIXO NVINNH Ha1d aseusbolpAyap |AodijospAuia aia
85e10NPaIopIX0  NVIWNH ZHATV aseusbolpAysp apAysp|v ZHAV
8SEJONP3IOPIXO NVINNH ¥03a aselonpal yo2-|Aousip-i'z T403a
uonejAioydsoyd annepixo NVINNH 9d1V eLIWED HUNQNS 8SeUIUAS d LY 1OSd1V
uonelAioydsoyd annepixo NVINNH 9d1Vv 190 HUNQNS 8seUYIUAS d 1V 96d1V
uoe|Aioydsoyd aarepIxo NVYINNH VdLV eydfe 3ungns aseuyiuAs d1v TVSdLY
J010e} uonebuol3 NVYINNH N143 N1 J013e} uonebuolq W4NL

AIAnoe aseajsuelyjAoe ‘o1jogeiaw ayeAntAd NVINNH Xdao juauodwod X uiarold aseusboipAysp areAniAd XHad
uonepIxo HAvN NVWNH TSNAN 35BJONP3.IOPIX0 duouINbIgN-HAVN TSdNAN

uonouNy [erpuoyoow  NVINNH 0SINVS Bojowoy og Jusuodwod Assuiyoew Ajquiasse pue BuIos  OSININYS
dLV ‘Modsues uoiios)s NYINNH 2400 Z nungns xa|dwod T9-q 8WoIYd0kD  zdHO0N
d1V ‘Wodsues) uosse NVINNH TH20 T 1ungns xajdwod T9-q aWoIyd0}ky  TOHI0N
Vodsuel} uoJjoa|a NVINNH 2X02 2 1ungns asepIxo 9 SWOoIYI0}AD 200-1N

SUIWE SAIIOBOSEA PUB BA[I0BOINAU JO WSI|OgeIaW NVYWNH 940V aSepIX0 AUy dovIN
ss800.d d1j0qeIBW BYesewny NVWNH HIANS aselelpAy ayelewnd H4
wsijogesw pioe Aed NVYINNH HAdH aseuabolpAysp v swAzusod-|1AoeAxoIpAH HAVH
uolouN sequinu "2y aweN upo.d sjoquiAs

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Transl Res. Author manuscript; available in PMC 2014 July 01.



Page 16

Wang et al.

SIS01A90X3 ‘UoIsSny aueIquIaL
SISaUI01AD

asea|al +geD Je[n||adesul alejnbal
SIS0)A20x® ‘asuodsal ssans
uoneBaibbe 19j01e]d

uonebhalbbe 19)91e|d

1iodsurl) wniofes Jo uonenbal
JodsueJ} pue uoIjew.oy 9|91SaA
1iodsuel) spuebi|

Iredas aueIqUIBL 189 ‘UOIIRWIO) 3B]03NRD
Buijeubis wniofes ‘sisoydode ‘ayeantAd

aseJaysuel) ‘aseury

NYINNH LYXNY
NYINNH TIXNY
NYINNH 9VXNY
NYINNH 2YXNY
NYIWNH 9414
NYWNH gg1d
NYINNH VOYS
NYIWNH ENOVd
NVYIWNH aodv
NYIWNH 441d
NYIWNH INAdM
NYIWNH TH9d

LV uxauuy LV XNV
TTV uixsuuy TIVXNY
9V uxauuy IVXNY
¢V uxauuy CVXNY

ureyd ewiweh usbourgi4 994
urey e3aq uabouriqry g94
uluawinjeales TdS

€ U13104d SUOINBU U1 31RISONS 9SBUIY UISSED pue D aseuly| ullold  ENISOVd

@ uixoidodijody aodv

J10)oe} ases|al 1dLIosuURI) pue | aselswA|od 441d
ZIN/TIN SaWAzos| aseuly a1eAntAd 2N

T aseuny aeladA|boydsoyd ™M9d

uonoun4

Slequnu "0y

aweN upo.d s|oquiAs

NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript

Transl Res. Author manuscript; available in PMC 2014 July 01.



Page 17

Wang et al.

NIH-PA Author Manuscript

NZASOA S|
4d1d

994 ‘6VdSH

TAJSH ‘6VdSH

6VdSH ‘9SdLV

dsa ‘ZHANW

LHAN ‘VZavMdd

LHAW 'VZvMIEd

HAVH 'TLVYOV

VZuvMdd ‘NMO

LHAW

TLVOV

VedvMHd ‘11503

TLVOV TIAQVOV

HAVH 'TLVYOV

994 ‘a94 ‘11S03

XHQAd ‘1v1d

994 ‘a9d

XHAd ‘1v1d ‘2NN

HAVH ‘ZvVOV

994 ‘a9d

HAVH ‘TLVYOV ‘151d

HAVH 'ZVVOV 'TLVOV TTAQVOV

T4Sd1V 'TAdSH ‘ZHAN ‘8Gd1V ‘TOSdLV ‘T

ZHQAI ‘1S7d ‘SO

HAVH 'ZVVOV 'TLVYOV TTAQVOV

TLVOV ‘XHAd ‘Lv1a ‘aHa ‘2Ad

T4Sd1V ‘TOHO0N ‘20D-LIN '20400N ‘8SdLY ‘TS4NAN ‘TOSdLV
TNHIV ‘TOHO0N ‘2OO-LIA '20¥00N ‘gSdLV ‘TSANAN ‘TOSdLY

WAISAS Jenasenolpie) ayl ul Buijeubis apIxQ JuUUN
Buijeubis pareipaw-iej0aned

Buieubis 101daday p1091110209N|9

Aemyped uonreuninbign uelold

Buijeuis aseasiq s,uolbununH

Buijeubis M1

Buifeubis wnioe)

Buijeubis uonoung b

wsijogeis| ueydordAil

Buijeubis MdINY

5101da29Y dING BIA UOIFeRUBIBYIQ 81Ad0AWOIpIRD
Salpog au01a) J0 uonepefiag pue SISBYIUAS
Burjeubis -1

wsljogels|N ayeouedold

wsljogela| axeoueng

Buieubis asuodsay aseyd anoy
wsijogels|N ajeedsy pue sulue)y

Aemyred UOITRAIDY UIQUIOIYI0Id dISULIU|
SISauaboau0aN|9/sISA|02A1D

BLIPUOYIOHIA Ut uonrebuo|3 pIoy Ale4
Aemured UOITRANDY UIQUIOIYI0Id JISULIXT
uonepelbaq auisA

WsIogeIdIN PIoY Aleo

wslijogela|N aulngd

81940 a1eNID

uonepelfag auloNa|os| pue auloNaT ‘aulje
wsljogela| areAnlAd

uonelAioydsoyd annepIxo

uonoUNYsAQ [eLIPUOYIOHIA

(Sl0qwAs) senasjo N

sRemyred [eaiuoue) Alnuabu |

salpoqnueoine Aq pa1abiel suisroid ul panjoAul sAemyred [eatuoue)

v alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Transl Res. Author manuscript; available in PMC 2014 July 01.



Page 18

Wang et al.

Vedvodd
VedvHdd
VYedvHdd
Vedvodd
VedvHdd
VYedvHdd
Vedvodd

[ADgle]

Buijeubis AydoiuadAH seipse)

Buieubis pareipaw-dIA v

AydousnadAH oeipsed ul 14N 4o ajoy

Buijeubis J01daoay uinsuj

Buijeubis o161suaipe-g oeipse)

Burjeubis o1bisuslpy-o

Buijeubis uoneiuswbid pue uswdojanaqg a1420ue|aN

WISI|0geIvIAl 3Ulj0ld pue aulubiy

(Sloquifs) ss|nsjo N

sRemyred [eaiuoue) Alnuabu |

NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript

Transl Res. Author manuscript; available in PMC 2014 July 01.



